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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 (l978/79) 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 models 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: (l) farming returns are

highly sensitive to crop yield levels; (2) short-term credit can help

smallholders 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 earlier 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 bottlenecks. 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 foreign exchange earnings. Economic activities of other sec-

tors in the economy, especially in transportation and industry, are cri-

tically linked 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.

 

1Ministry 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 a riculture 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



Table 1.1 Share of Different Production Sectors in Area and Production

of Major Crops

 

 
 

 

3 Year Average 3 Year Average

1966/67-1968169 1973/74-1975/76

Area Production Area Production

Production Sector (z) (%) (z) (%)

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 livelihood 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" [30, 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.1

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-

latively effective in carrying out and executing prdgrams and projects

in the modern subsector (large-scale irrigation and mechanization pro-

jects). In particular, these developments in agriculture followed close-

ly the‘original Gezira "model."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

 

1Examples 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). All of the schemes follow, more or less, the

original Gezira in.the design of their organizational set-ups, tenant-

management product1on relat1ons 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.

(iii) 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 (like 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).1 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.1 The lO-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

 

1By 1979/8O 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.

\
I
O
I
U
T
-
fi

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.1

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 19705. This

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

 

1For 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.1

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: A

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.

 

1See 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),l979, [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.

(0) 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 f0unda-

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 trf the

limitations of the study, lessons, generalizations,and recommendations

for future research.



CHAPTER II

RESEARCH METHODOLOGY

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 MountainsAgricultural 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 (FAO) conducted a major

farm management survey in the Nuba 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 Nuba Mountains "area -has recently been the site of

a number of foreign research projects,1 experimenting with dif-

ferent technologies and/or institutional arrangements for

 

1These include mainly: A European Development Fund/SATEC project,

the British Overseas Development Administration (ODA) projects, and the

West German Technical Aid-GT2 project. They are discussed in somewhat

more detail in Appendix IV.
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improving 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 FAO survey (l978/

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 particular,the results of

NMAPC analysis are emphasized. 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

facilitated its use in modeling representative farm situations.1 LP has

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

model.2 Seasonal input constraints are represented mainly

 

1This 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 variability.

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.1 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

validity of the assumptions incorporated in the LP model.2 An important

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

 

1With 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.

21n 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 smallholders 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 [11, 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.

 

1The 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 FAO 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:

FAO Survgy

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 FAO 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 two 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:

FAO Survey, 1979

 

 

Traditional MNAPC

Region Farmers. . .Participants . .Total.

Kadugli 34 21 55

Lagawa 29 10 39

Talodi 18 ll 29

Kalogi 12 11 23

Abu Gebha 24 16 4O

Abassya 4 14 18

Um Brembita 24 ll 35

Dilling 4 4 3

Total ,. . 149.. ‘ 98 , .247

 

The Researcher's Survey

With the FAO survey data in hand,1 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.

 

1Through 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 w Northern

 

Abassya Lagawa Kalogi Dilling

Um Brembita Talodi

. Abu Gebha Kadugli

 

The two sub-classes of smallholders of interest 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.1 A simple random

sample was then taken from the list 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 list 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.

 

1Biases 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 farmers 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 l 8

Um Brembita 3 4 7

Abu Gebha 9 9 l8

Kalogi 10 10 20

Talodi 9 8 l7

Kadugli 36 31 67

Lagawa 9 10 17

Dilling 16 16 32

Tota1 99. 89 188
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Data Collection

Discussions with some of the members who participated in the previous

FAO 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.

Other 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

ia) Kadugli Research Station

b) Headquarters at Nad 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 Norking 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 120 10' N forms the dividing line between the sandy steppes

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

26
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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

(ITCZ), [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 brinQS'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 life 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, Nest, 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 slightly 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 than 640 in 80 percent of the years. In the south where mean annual

rainfall is 800 mm, annual rainfall of 695 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.1 Six classes of soil types has been defined for

the area (HTS [38], AHT [41]), with the aim of considering their agricul-

tural potential. All 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

 

1This 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 production,

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 operations, 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;I 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 (various species including Boragrus
 

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

as others), A. senegal is also used for gun, 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.

 

(ISee Ministry of Agriculture Food and Natural Resources, "Nuba

Mountains Region, DeVelopment POtential Survey, Annex 1-5," prepared by

AGRAR-UMD HYDROTECHNIK ESSN. FRG, Sudan, 1977, :41}.
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Household Head Characteristics:
 

1. Agg, All of the household heads interviewed in the researcher's

survey (1979/80) were males,1 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 some 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,l

are involved in agricultural 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 marking,

etc., are the most common activities. At present, very few farmers

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

 

1Those 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.1

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 labor).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 household.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).

 

1Dilling, Habila and El-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 A 1.36 2.68 2.61 0.58 8.23

All Regions 188 1.23 2.33 A 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 1eSS

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.1 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

 

1Sometimes 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 lowest

(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 traditional 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, sorghum (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 previous 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.1 Table 3.4 shows the quantities initially retained

at the household and their percentage of the total 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 deve10ping the dura con-

sumption constraints in the LP models (Chapter IV).

 

1Farmers 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 Duraa '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) (40.55)

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 A 13.25 63.80 556.12

(1.89) (5.8) (55.51)

 

( ) = Standard error.

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

aRefers to quantities initially retained from the harvest, but not

necessarily consumed at the household.

bMalwa 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),1 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.

All 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 land or clearing it (from trees and bushes) [21]. Authority

over land is also recognized by the different villages in a traditional

way.2

Another issue relating to the rights of land concerns the nomadic

groups in the tarea, as they pass and enter cultivated land. This has

 

1These include not only official MFC schemes, but also the continual-

ly expanding numbers of private schemes under the so-called "undemarkated

schemes." As of June, 1980, the number of registered such scheme in

South Kordofan Province reached 209 (each with an area of 1,000 or 1,500

feddans).

2This among other things created a big problem for NMAPC in exer-

cising authority over land and its allocation between different

individuals and different villages (see discussion in Chapter VI).

Land rights of a certain tribe and/or village can not easily be allocated

to farmers of another tribe or village.
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resulted in frequent and rising conflicts between the pastorialits and

cultivators [30]. At present this still remains a problem and no rules

are set to deal with it other than the traditional attempts of tribal

recognition of rights of those involved. NMAPC as will be discussed

later, also has not achieved a reasonable solution to this problem.

Cultivated Land

1. Land Size. Basically there are two types of cultivated plots

for the smallholder in the area.

a. Jubraka: This is a backyard garden or small plot, usually

situated at or very near to the home. Table 3.5 shows the

average size of these plots for the different regions. As

can be seen from the table these plots are usually of

small size (around one third of a feddan).1 The wife

usually has the responsibility of cultivating this plot.

The tradition is to growa number of crops (dura, maize, cu-

cumber, okra, lubia, etc.) sown in a mixture, very early in

the season. This way crops can mature and support the

household for some period (5-6 weeks), before the harvest

of the other field plots.2

Saraya: These field plots originate from land brought into

cultivation either from fallow (under the system of shifting

 

1One feddan = 1.038 acres.

2
Much of the Jubraka crops are of the quick-maturing types and are

also consumed in a vegetable form (i.e., before full maturation).
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Table 3.5 Average Area of Jubraka (House Plot) for the Different Regions

 
V

 

Region . . . Area (feddans)

Abassya 0.26

Um Brembita 0.48

Abu Gebha 0.21

Kalogi 0.37

Talodi 0.30

Kadugli 0.34

Lagawa 0.46

Dilling 0.31

 

Source: Computed from the survey data (1979/80).
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cultivation), or a new cleared land. In the first year of

cultivation, the land is referred to as "Harig,"1 in the

second and subsequent years it is called Saraya. All poten-

tial for expanded land base as referred to in this study

comes from these lands. Table 3.6 shows the size distribu-

tion of the smallholders cultivated plots in the area.

Eighty-three percent of the farmers cultivate less than 15

feddans, and more than two-thirds of the farmers with less

than 10 feddan cultivation size. Further, the picture for

each of the eight regions is more or less the same.

2. Multiplicity and Distance of Plots. An additional feature,
 

which is common to savanna agricultural systems is that farmers

tend to cultivate more than one plot of land. This is primarily

because of the fallowing and the search for suitable soil areas.

Table 3.7 shows that 40 percent of the farmers cultivate two

separate plots, 21 percent have three plots, and 6 percent cul-

tivate four or more plots.

With the exception of the Jubraka which as mentioned above is usual-

ly situated right or near the house, these plots are all situated out—

side the village. Table 3.8 shows the distance of these plots from the

residence. As can be seen from the table more than half of these plots

are far, with the majority (48 percent) being very far. This has an im-

portant implication for access to these lands and for time spent in

travelling to and from fields.

 

1The name Harig (meaning burning) refers to the land preparation

method, which is through burning of the grasses.
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Another implication of this is the difficulty and cost entailed in t

the transport of food and drinks to these fields and transport of the

harvest to the home or to the market.3

Agricultural Technology and Crop Practices

Traditional smallholder agriculture can be described as consisting

of small operating units, low level of capital inputs, dominance of hand

labor, and generally low and unstable production. What follows is a

brief description of smallholders' farm capital outlays, rotations and

dominant crops, the set of agricultural operations adopted, and the farm

labor organization.

Farm Capital
 

The level of capital investment and usage for smallholders in the

Nuba Mountains area is very low. The bulk of capital outlays are operat-

ing capital (cash expenses), used mainly to pay for hired labor and ex-

penses of the Nafir (communal or exchange) labor. Fixed capital items

include primarily the hand tools with which all field operations are

1
carried out. Almost all farmers also have a "Seiba" (a cylinderica]

grass and mud structure) for storage of sorghum at home.

 

1Only few hand tools are used. These include: long-handled flat

hoes (Siluka) for checkrow planting, short-handled flat hoes for weeding

(Jerraya), short-handled hoes with a strong angled blade (Sakaba) for

cutting down sorghum stalks and light bushes, a range of knives, axes,

blades or sickles for harvest, flat wooden paddles for threshing sorghum

and long two-pronged rakes for cleaning fields of crop residues [38].
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Operating capital is one of the most important factors in the per-

formance of smallholder agriculture in the area” . Its level and timely

availability, greatly affects the size and efficiency of the operating

units.

Its special importance is not only for meeting productive expenses,

but also for meeting urgent consumption needs. Consumption needs tend

to coincide with the seasonal needs to cover production expenses. For

the most part farmers meet these demands for capital through borrowing

from local money lenders, under what is locally known as the "shiel"

system. Under this system, money lenders who are mostly village merchants

and shopkeepers, advance cash or goods to the farmer. The latter in turn

has to pledge his prospective crop at a value substantially lower than

market price.1 The implied interest rate differs according to location

2
and time of borrowing but is usually substantial. When the farmers do

not get involved in sheil, they often are forced to work as hired laborers

for others in order to obtain their needed cash.3

Operating capital needs of traditional smallholders are predominantly

for meeting labor expenses. Hired labor is paid in cash with or without

 

1"The surveys carried out by the Agricultural Bank of Sudan in S.

Kordofan Province showed that about 50 percent of the cultivators re-

ceived sheil and realized only 50 percent of the market price for their

produce" [8, pp. 95-96].

2The implied interest rate usually declines as the harvest time

approaches, but it can reach as high as 300 percent for loans made at the

peak of the season [38].

3Sometimes the two go together when “the sheil merchant who is often

a large farmer, gives no loans before his own farm work is done. The

smallholder may have to work for the large farmers before he can get any

loans" [8, p. 95].
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additional pay in-kind. Nafir labor is paid solely in-kind (food and

drinks). Occasional expenditures are made on items such as seeds, chemi-

‘cal insecticides, sacks, and transport of crops to home or markets. The

dominance of operating capital use in labor expenses reflects the fact

that at present, hand labor is the principal production input for small-

holders in the iarea. ‘Table 3.9 shows the average expenses per feddan

for the different crops disaggregated by operation. Weeding and harvest,

which are the most labor demanding operations, are also the most expen-

sive. The variability in the average expenses (see ranges in Table 3.9),

is related to the composition of the farm labor force; which at one ex-

treme could be composed of entirely hired labor, and on the other ex-

treme of entirely (unpaid) family labor.1

Formal sources of credit to smallholders in the area are virtually

nonexistant. However, the Dilling Branch of the Agricultural Bank of

the Sudan (ABS), has recently conducted a trial experiment to extend cre-

dit to smallholders through cooperative societies.2 Results of the ex-

periment were encouraging for expansion of the program [8]. Another po-

tential source of formal credit exists for the NMAPC schemes participants.

At present however, only mechanized cultivation is done for the partici-

pants on credit basis. The issue of NMAPC participant's credit will be

discussed more in Chapter VI.

 

1Family labor was not costed in the calculation of the average ex-

penses shown in Table 3.9.

2The issue of credit and the ABS trial experiments are discussed in

more detail in Chapter V.
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Table 3.9 Average Expenses Per Feddan for the Different Crops by Operation

(ln L5: 1 Ls = $2.0)

 

 

Operation Sorghum Sesame Groundnuts Cottona

Land Preparation 0.45 0.07 0.90 ---

(3.0) (1.11) (4.76)

Planting 0.29 0.39 0.55 0.29

(2.0) (4.0) (2.25) (2.0)

Needing lst 1.14 1.18 1.57 0.95

(5.46) (7.27) (4.48) (8.0)

Weeding 2nd 0.59 0.18 0.99 0.43

(3.29) (1.40) (3.67) (3.75)

Harvest lst 1.11 0.51 0.71 1.31

(6.67) (2.8) (4.0) (7.2)

Harvest 2nd 1.01 0.36 0.53 --

(5.16) (5.0) (3.68)

Collection and 1.0 0.57 0.66 0.95

Transport (6.67) (3.33) (3.0) (5.0)

Clean up (Al-awdi) -- -- -- 0.83

(3.10)
 

) = Range of the estimate, i.e., difference between largest

and smallest value reported. The ranges in the above table indicate a

highly skewed distribution with a few high values. The reason for this

as indicated in the text, is because of the differences in labor com-

position of the farming households.

Source: Computed from survey data (1979/80).

aEstimates from the NMAPC participants' sub-sample.
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Rotations and Dominant Crops

Rotations and crop composition are influenced by physical environ-

ment, the state of technology, market opportunities, dietary preferences

and resource base at the farm level.

Rotations

The agricultural system of smallholders in the area is characterized

by shifting cultivation. This system is forced to adapt to the conditions

of: lack of animal manure or use of commercial fertilizers; absence of

appropriate rotation that can sustain yields for longer periods; and‘

absence of pressure on land. This last factor, has been undergoing

changes recently. Although it has not reached limiting magnitudes yet,

its effects are beginning to show by an increase in the cropping periods

and a decrease in the fallowing.

No definite rotation is practiced by the farmers in the area. The

most common rotations that are followed loosely by the farmers include:

sorghum-sesame-fallow-fallow; or a modification of this, sorghum-sesame/

sorghum-sesame/sorghum, followed by a fallow. Cotton used to be grown

by farmers in the area as a third cr0p in the rotation. Recently the

relative decline of cotton growing by traditional farmers has resulted

in an increase in the proportion of sorghum on land presently under cul-

tivation [38]. When soil conditions permit, groundnuts may be introduced

into the rotation. At present however, few farmers grow groundnutsand

only in a limited scale.1

 

1As indicated in the next section, groundnuts are grown relatively

more extensively by the farmers in the northern part of the area (Dilling

and Abassya regions).
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Dominant Crops

The dominant crops of the Nuba Mountains regions include: cotton,

sorghum, sesame, and to a relatively less extent groundnuts. Other minor

crops include: millet, lubia (vigna), and maize. Horticultural crops

are limited, more or less, to flood plain areas, and are of even less

importance.

Table 3.10 shows the area and production trends of the four main

crops in the regions of the area. Noticeable from the table is the de-

cline of cotton feddanage in all regions; to such an extent that cotton

growing is almost disappearing from traditional smallholder agriculture.

The primary reason for this, is the decline in the farmer's price of

cotton, in real terms and relative to other crops prices [39]. This

issue, being of current policy concern, will be discussed in more detail

in Chapters V and VI. As can be seen from the table, the crop feddanage

is dominated by sorghum, followed by sesame. Groundnuts, although grown

in all eight regions, is concentrated in the northern regions (Dilling

and Abassya). The light loamy soils in these northern regions are more

suited to the production of groundnuts.

Agricultural Practices

The following is a brief description of the varieties grown, the

set ofagricultural operations, their labor requirements, the agricultural

calendar, and the level of crop yields attained.

Crop Varieties

With the exception of cotton, there is no certified crop variety

grown by the smallholders in the area. In addition there is considerable



Table 3.10 Crop Area in Feddans and Average Production by Region
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d

 

 

(1974/75-1978/79)

Region Season _____§gt§gg, a Dura b Sesame c Groundnuts

A1395 Avg. Prod. Ari Avg. Prod. Are_a_ Avg. Prod. Ara Avg. Prod.

Kadugli 1974/75 31917 4 122966 7 23098 3 8208 6

1975/76 57287 3.5 17960 8.5 25590 2 7532 6.2

1976/77 35200 3 96876 8 8141 8 4505 8

1977/78 22401 2.8 69729 10 14377 2 7955 6

1978/79 14419 2.5 99299 10.8 11432 6.5 7923 6

Lagawa 1974/75 4650 - 18621 8 7707 3.5 4187 8

1975/76 6400 - 20100 8 8800 3.5 7500 8

1976/77 2686 - 23200 6 8356 4 6926 6

1977/78 1450 1.7 20400 8 8400 3 8000 8

1978/79 800 3.5 21500 10 8000 3.5 7000 9

Dilling 1974/75 4124 2.4 38636 9 19615 4 36082 10

1975/76 4990 2.6 38752 6 12549 2.5 22157 7

1976/77 3294 2.9 20264 4 8150 2.5 11010 6

1977/78 1284 3 20193 6 10375 3.6 13813 7.5

1978/79 1733 3 20088 10 8137 2.5 8224 7.5

Talodi 1974/75 20000 2.2 30112 - 2543 3 5899 7

1975/76 20966 2.3 36903 7 1754 3 5688 7

1976/77 11551 3.7 32080 8 616 5 3087 5

1977/78 5129 3.5 26003 - 871 5.4 1847 5.8

1978/79 7450 5.5 23780 9.3 930 3.2 2110 7.9

Kalogi 1974/75 16163 2.5 49797 7 13646 4 1381 7

1975/76 12976 3 38937 6 6783 4 1830 4

1976/77 13220 - 37295 - 9326 - 1170 -

1977/78 7386 2.9 37051 6 11662 5 837 7

1978/79 8029 3.5 41965 8 15619 4.5 1224 7.5

Abu Gebha 1974/75 21918 4 30565 14.5 25310 5.5 1354 12

1975/76- 2733 3 42941 10 31217 5 1779 15

1976/77 4962 3 41128 12 26901 4 278 4

1977/78 7532 3 34305 7 18795 4 2299 5.5

1978/79 4314 2 58200 11 35186 4.4 2667 9

Um Brembita 1974/75 2143 1.11 35647 10 17966 3 2364 10

1975/76 1532 2.7 35490 10 18969 2 3560 12

1976/77 1700 2.4 37617 8 14777 3 3719 10

1977/78 1480 1.2 31199 8 14596 2 3473 8

1978/79 350 2.5 36864 12 12122 3.5 4473 10

Abassya 1974/75 2300 1.5 60454 7 31724 3 120585 7

1975/76 164 3 58516 11.5 20418 3.5 20025 10

1976/77 119 4 53230 11 16049 . 3 19450 4

1977/78 1089 2.4 40521 9 11463 3 17705 4

1978/79 518 3 85224 8.5 23605 3 32129 6

Source: NMAPC records.

a1n small kantars (45 kg).

b
In 90 kg sacks.

cIn 75 kg sacks.

dIn small kantars (45 kg).
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diversity in the agronomic characteristics and genetic nature of the

varieties grown. Most are of indigenous or 1oca1 types common1y known

as "Ba1adi" varieties.

1. 995593, Cotton grown in the Nuba Mountains area is the short

stap1e, American type cotton. The variety in use at present

(A1bar A(57)12)], was deve1oped by Kadug1i Research Station

(KRS), which has operated as a breeding station for cotton under

rainfed conditions.

With optimum p1anting time (recommended as Ju1y 1), the current1y

used variety has a maturity period of 150-155 days.

2. Sorghum. There is considerab1e genetic and agronomic diversity

of sorghum varieties grown in the area. C1assified according

to the maturity period, these varieties are grouped into:

a) Ear1y-maturing varieties (100-110 days). These are dwarf

white-seeded varieties. They were first introduced in the

1arge sca1e mechanized sub-sector; their uniformity in ma-

turity and height make them suitab1e for mechanized harvest-

ing. "Um Brenien" and "Gadum-e1-Hamam" are the 1eading

varieties in this category. Very few sma11ho1ders in the

area grow these varieties, but under NMAPC schemes, officia1s

encourage their adoption and use. The qua1ity of dietary

 

1
Variety deve1opment and improvement research at KRS, has a1ready

succeeded in deve10ping a new variety (BAR 24/4H), which in 1imited tests

has outperformed the variety in use (A1bar A(57)12) in a number of re-

spects (yie1d, ginning percentage, 1int and fiber qua1ities) and pending

future qua1ity tests might substitute the existing variety [6].
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characteristics of these varieties is wide1y be1ieved by

farmers to be inferior to other varieties, a factor that

has prevented its widespread use.

b) Medium-maturing varieties (120-130 days). Popu1ar varieties

in this category inc1ude the easi1y threshed "Karamuka,"

"Marig," and "Bakhit." These are most common in the north.

c) Late-maturing varieties (150-160 days). Important varieties

of this type are "Kurgi," "Ku1um," and "Magoy." These are

most1y grown in western and southern parts of the area.

3. §g§amg, Considerab1e genetic diversity a1so exists in sesame.

This is more manifested in other agronomic characteristics (pod

shape, seed co1or, and branching sty1e), rather than in height

or period of maturity. Most varieties mature between 90 and 110

days. A11 varieties grown are dehiscent (opening of pods) and

quick in shattering seeds upon maturation, a feature thus, with

important imp1ications for time1iness of the harvest operations.

4. Groundnuts. 0n1y two main types are grown in the area. A
 

1oca1 spreading variety known as "Ba1adi," and the new1y intro-

duced, erect type, "Barberton" [38].

Agricu1tura1 Operations

1. Land Preparation. Land preparation methods depend on whether
 

the cu1tivated p1ot is “Harig” or "Saraya."

a) Harig: refers to first cu1tivation year (either from fa11ow

or new 1and). Land preparation in these p1ots invo1ve set-

ting of fire to ki11 the f1ush of weeds and grasses that

emerge after ear1y showers of the rainy season.



2.

b)

59

Saraya: denotes p1ots in second and subsequent years of

cu1tivation. If the 1and was we11 weeded in the previous

seasons, 1imited 1and preparation is required. Sweeping and

burning of sta1ks and crop residues is undertaken either

after the harvest or prior to p1anting. This operation

genera11y is not very 1aborious, except for cotton. The

c1ean up operation after cotton (1oca11y known as "A1-awdi),

invo1ves pu11ing the cotton sta1ks and burning the residue.

NMAPC administration which supervises the operation, sets

May 31 for finishing the c1ean up. A11owing at 1east one

month of open 1and, reduces the transmitta1 of cotton diseases

from one season to the next. Another reason mentioned by

the administration is that cotton sta1ks on poor1y c1eaned

schemes great1y hamper the mechanica1 cu1tivation operations

in the coming season. Farmers in the NMAPC schemes are very

re1uctant to carry out this operation, and the administration

often resorts to judiciary powers to enforce it.1

P1anting. Crops are p1anted usua11y in a sing1e stand and crop

mixing is se1dom practiced.2 Checkrow p1anting is advised for

a11 crops. However, at present this is fo11owed on1y for sorghum

and groundnuts; sesame and cotton are broadcasted. Checkrow p1ant-

ing is especia11y recommended for cotton, and the current practice of

 

1
Through 1oca1 and traditiona1 courts which fine vio1ating farmers.

2Crop mixing, however, is the standard in p1anting of the "Jubraka."
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broadcasting is very much b1amed, among other things, for the

observed poor crops.

A1so, another important aspect of the p1anting operation is its~

timing. A1though, this is dependent on rains, recommended sow-

ing dates are: Ju1y 1 for cotton, ear1y-June for sorghum and

sesame, and 1ate-June to mid-JuTy for groundnuts [6, 7].

Needing. This is the most 1abor intensive operation of the cu1-

tivation process. When 1and is first brought into cu1tivation

(fa11ow or new 1and) burning is used as a weeding method. In

subsequent years, this method wou1d not be effective because

density of weeds and grasses is too 10w, rendering the burning

contro1 method ineffective and hand weeding as the on1y a1terna-

tive. In genera1 weeding 1eve1s and timingS'are re1ated to a

number of factors. These inc1ude: previous season management,

current season rainfa11, timing of the operation, avai1abi1ity

of fami1y Tabor and/or operating capita1, crop estab1ishment

1eve1 and anticipated returns from the operation.T At present

up to two weedings are fo11owed. Very few farmers in the samp1e

reported carrying out a third weeding operation.

Harvest. Except for cotton, harvest is usua11y composed of two

operations. The first is cutting of sorghum and sesame, and

pu11ing of groundnuts. After being 1eft to dry for sometime

 

Fai1ing or poor1y estab1ished crops are customariTy 1eft unweeded.
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(around a month for sorghum,1 and 1-2 weeks for sesame and

groundnuts), the second operation commences. It invo1ves

threshing for sorghum and sesame, and stripping of pods from

groundnuts. A1though, two hand pickings are recommended for

cotton, at present on1y one pick is practiced. '

Sesame harvest presents a specia1 prob1em. The dehisence (opening

of pods) and quick shattering of seeds upon maturation, requires the

harvest of the crop within a re1ative1y short time, making the operation

a 1abor intensive activity.

Tab1e 3.11 shows the average 1abor requirements per feddan for the

different operations. Weeding is the most 1abor-demanding activity,

fo11owed by harvest. No separate 1and preparation for cotton is done

other than pu11ing of cotton sta1ks and c1ean up (A1-awdi).

Agricu1tura1 Operations Ca1endar

An important aspect of an agricu1tura1 operation is its timing.

This is of even greater importance under rainfed conditions. It is

therefore, important to consider timing as an exp1icit management practice.

Tab1e 3.12 shows the ca1endar times of the different operations for

the samp1e of the traditiona1 sma11ho1ders. A1though some operations are

carried as ear1y as Apri1 (1and preparation), and some as 1ate as March

(cotton picking), the bu1k of the operations are concentrated in the

period from June to December. This concentrated pattern (especia11y in

June-August), which is primari1y a factor of the c1imate, resu1ts in in-

tensifying the seasona1 constraints in 1abor.

 

1Except for the variety "Karmuka" which is usua11y threshed within

a week of cutting.



Tab1e 3.11 Average Labor Requirements Per Feddan by Crop Operation

(in 7-Hour Man Days)

 

 

Operation Sorghum Sesame Groundnuts Cottona

Land Preparation 3.80 2.80 3.83 , --

P1anting 2.92 2.53 4.77 1.15

Weeding 1st 7.48 7.61 10.37 4.45

Weeding 2ndb 3.94 3.60 8.36 2.40

Harvest 1st 5.60 6.05 5.32 8.67

Harvest 2nd 3.49 2.23 5.77 --

C1ean up (A1-awdi) -- -- -- 3.84

 

Source: Computed from survey data (1979/80).

aEstimates from the NMAPC participants' sub-samp1e.

bVery few farmers practiced a third weeding. Percentage of farmers

reporting second weeding: sorghum = 60%; sesame = 56%, groundnuts = 76%;

cotton = 53%.
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Land preparation is sp1it between those who carry out the operation

after harvest, and those who carry it out just before next year's p1ant-

ing. Cotton c1ean up (A1-awdi) in the NMAPC schemes, by 1aw be1ongs to

the first group and shou1d be finished by May 31. The harvest operations

are more or 1ess streched out. This is main1y because of the re1ative1y

short growing period of sesame and groundnuts, and the de1ayed cotton

picking. For cotton, on1y one (instead of the recommended two) picking

is carried out.

Crop Yie1d Leve1s

Yie1d 1eve1s attained by sma11ho1ders in the Nuba Mountains area

are variab1e. Among the important determinants of yie1d is the amount

and distribution of rainfa11 [6, 21]. Tab1e 3.13 shows the yie1d 1eve1s

obtained by the traditiona1 farmers in 1979/80 season.1 Cotton yie1d

1eve1s (missing from the tab1e) are reported 1ater in connection with

the NMAPC participants' production. In Chapter V, sensitivity ana1ysis

on crop yie1d 1eve1s, is used to examine effects on farmer's returns

and cropping pattern.2

Farm Labor and Organization
 

In the Nuba Mountains area, there are three types of 1abor invo1ved

in performing the agricu1tura1 operations: fami1y 1abor, hired 1abor,

and "Nafir" 1abor.

 

1

ab1e.

2This used to simu1ate 25 and 50 percent reductions in yie1d 1eve1s,

corresponding to variations in annua1 rainfa11 1eve15.

For this season, amount and rainfa11 distribution were not favor-
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Tab1e 3.13 Average Yie1d Leve1s for the Traditiona1 Sma11ho1ders by Region

 

 

 

 

Region Sorghum ' Sesame Groundnuts

(90 kg Sacks) (75 kg Sacks) (100 1b. Kantars)

Abassya 3.87 1.29 9.34

Um Brembeta 3.05 1.47 ~-

Abu Gebha 6.01 2.92 --

Ka1ogi 2.63 1.38 10.0

Ta1odi ' 6.59 5.82 . --

Kadug1i 4.73 3.47 ' 13.03

Lagawa 4.56 2.16 . 9.87

Di11ing 3.98 1.00 3.75

 

(--) = Not Avai1ab1e

Source: Computed from survey data (1979/80).
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Fami1y LabOr (FL). FL is used here to define the 1abor resource

provided by any of the househoid members. Historica11y and

traditiona11y this is the main source of 1abor avai1ab1e to the

househo1d [21]. Labor contributed by this-category is not paid

direct1y, but rather is compensated by returns to the whoTe

househo1d.

Avai1abi1ity of this type of 1abor is re1ated to the size, age

and sex composition, and domestic organization of the househo1d.

As have a1ready been pointed out, househo1ds in the area have

high ratio of dependent chi1dren, and that the wife in addition

to her domestic ro1es is responsibTe for the cu1tivation of the

"Jubraka." However, it needs to be pointed out this is not

meant to imp1y a rigid ro1e specification. For it is not un-

common for the husband to he1p in weeding of the "Jubraka'; the

wife to participate in p1anting and weeding of fie1d p1ots; or

for the chi1dren to he1p on a part-time basis, or in de1ivery

of food and water to the fie1ds.

Hired Labor (HL). This category refers to that part of the
 

1abor which is governed essentia11y by a market institution.

It is this source of 1abor, which a farmer can re1y on for needs

beyond the avai1ab1e famiTy 1abor, being constrained probab1y

on1y by his operating and cash resources. Un1ike "Nafir" 1abor,

which tends to be emp1oyed main1y in the 1abor intensive opera-

tions (e.g., weeding and harvest), HL is emp1oyed in the who1e

range of the agricu1tura1 operations.
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Payment of HL is usua11y on a cash basis, however payment might

inc1ude an in-kind component (food and drinks). Sometimes the

in-kind component is paid from the crop itse1f (especia11y in

harvest of sorghum and sesame). Wage rates are contracted in

different ways:

a) by area, usua11y "Mukhamas" or "Habi1,"1 for weeding oper-

tions;

b) by production (usua11y per sack, or vo1ume of cotton picked),

at harvest; or

c) by unit time, usua11y "Dahawa,"2 as in p1anting and weeding.

A1though wage rates are usua11y in conformity given seasons,

1oca1ities or vi11ages, due considerations are given to the

variations of the same job (e.g., distance to cu1tivated p1ots

from vi11ages, intensity of weeds in weeding operations), and

these are ref1ected in the wage rates payed. Tab1e 3.14 shows

the hired 1abor wage rates by region, crop, and operation. Dif-

ferences in wage rates in the area is not affected so much by

region, as it is by the variation of the within-region. The

1atter takes into account the type of crop, operation and time,

and the nature of the contracting agreement.

3. Nafir Labor (ML). Nafir (cooperation or exchange 1abor) is

one of the traditiona1 aspects of the Nuba Mountains society.

 

1

2

Mukhamas = 1.75 feddans; Habi1 # 0.1 feddan.

Dahawa. is approximateiy from morning ti11 noon.
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3.14 Wages Rates Per Man-Day by Region, Crop and Operation

(In Ls: 1 L5 = 82.0)

 

 

 

Land Weeding Weeding Harvest Harvest

Preparation P1anting 1st 2nd 1st 2nd

Abassya

a: 1.00 .63

b:

c:

d: 1.33 1.25 1.00 .50

Um Brembeta

a: .50-.95 .51-.80 .40-.85 .57-1.00 .57-1.25

b: 1.75 1.00 .83

c:

d: 1.00 1.66

Abu Gebha

a: .35 .52-.87 .54-.87 1.74 .20-1.75

b:

c:

d: .24-1.00 .33-.73 .37-.75 .40-.67 .50-.87

Kalogi

a:

b: .40-.60 .37-.40 .44-.75 .50-.75 .43-.52 .53-1.35

c: .42 .33-.61 .56 .54-1.13 .50

d: 1.00 .18-.60 .83-.83.

Ta1odi

a: .39-.75 .19-.56 .28-.70 .30-.87 .32-.89 .42-1.67

b: 1.00 .65

c:

d: .80-.83 .36-.44 .81 .16-.26 .31-.90

Kadugli -

a: .35 .90 .85 .46 .50 .57

b: .50 .50

c: .50

d: .50-1.00 .50-1.33 .40-1.00 .40 .50-1.25

Lagawa

a: .51-.56 .25-.66 .57 .40 .75 .74

b: 1.00 .38-.62 .60 .50-.83

c: .41-1.00 .45 .50-1.00 .50-1.00 .41 .38-.42

d: .50 .50 .45 .45-.50

0i111ng \

a: .42-.60 .44-.53 .50-.93 .62-1.16 .70 .50-1.00

b: .72 .45 .50

c: .40-.70 .31-.85 .50-.73 .44-.67 .51

d: .83 .66 .60 .42 .87

Source: Computed from survey data (1979/80).

a - Sorghun

b - Sesame

c - Groundnuts ‘

d 8 Cotton, estimates from NMAPC sub-sample, harvest 2nd estimate is for c1ean up (A1-awdi)



69

This cooperative institution is prevaient in many parts of the

Sudan and in many other African countries.

Its cooperative nature makes it suitab1e to 1abor intensive

activities, especia11y those with a short time span. In the

area HL tends to be concentrated in weeding and harvest opera-

tions. It is a1so concentrated in food crops, especia11y sorghum

(see Tab1e 3.15). The institutiona1 nature of NL is aiso i11us-

trated in the rewarding of their services. The incentive system

is not the market, but rather, is socia1 approva1, obiigation,

and reciprocity. That is why no direct wage is paid for the

group participating in the Nafir, but a farmer provides a mea1

(food and drinks) for his fe11ow vi11agers who provide 1abor.

Costs incurred by the farmer are re1ated to his economic abi1ity

and tend to be proportiona1 to the number of peop1e participating

in the Nafir. The avai1abi1ity and supp1y of ML is dependent on

the size of the vi11age/community, and its domestic and produc-

tive organization.

Tab1e 3.15 summarizes the uti1ization of the three types of 1abor

by crop and operation. As can be expected, in this sma11ho1der case

there is a marked dominance of the fami1y 1abor for neariy a11 operations

of the four crops. Second to fami1y 1abor in importance and uti1ization

is the hired 1abor. Hired 1abor use is distributed among a11 operations,

un1ike Nafir 1abor which tends to be concentrated in 1abor intensive

activities for food crops.
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Prices and Market Organization

Marketing of 1ivestock and crops in the Nuba Mountains is constrained

by 1ogistica1 and organizationa1 prob1ems. These are due in part to the

1 Theremoteness of the area with its poor1y deve1oped infrastructure.

other aspects of the marketing prob1ems are re1ated to the sma11 sca1e

nature of agricu1tura1 production and its scattered supp1y patterns. A11

crops in the area (with the exception of cotton) contribute to both

househon consumption and market. The distribution emp1oyed in some

1iterature between cash and subsistence crops, has no re1evance for the

context of this study.

Farmers in the. area are concious and responsive to the price

structure of their crops. This is ref1ected in their choice of crops and

the area they devote to each. Cotton is a case in point, the historic

dec1ine in rea1 returns from cotton has 1ead to its virtua1 disappearance

from the traditiona1 sub-sector [39].

The price system is subject to contro1 and reguiation in the govern-

ment's price poiicy. These po1icy measures differentiate between cotton

and other crops.

Cotton marketing which is intended primari1y for export is undertaken

by the government. Its‘transport, ginning and marketing costs are debited

 

1This aspect of the prob1em is especia11y important for 1ivestock,

which are marketed in 1arge urban centers in the north of Sudan (most1y

at the capitai). At present, the practice is to trek the anima1s over

these 1ong distances, resu1ting in weight 1055, disease and death of a

significant number of anima1s.
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to the so-ca11ed hjoint-account" system.1 This joint account is he1d between

the government, represented by NMAPC and the farmers. The costs incurred

under this account system are subtracted from the gross proceeds of cotton,

and the remaining net returns are divided between the NMAPC and the farm-

ers according to a formu1a. The price of cotton is ca1cu1ated on f.o.b.

basis at Port Sudan.2 Payment to farmers, is further, based on the qua1-

ity of cotton they have de1ivered. There are three estab1ished grades;

I, II, and 111, each with a fixed price.

As for the other crops, the government ro1e is confined to a‘ regu-

1atory function. This invo1ves the setting of minimum prices of a11 main

crops (it inc1udes crops under discussion here i.e., sorghum, sesame and

groundnuts) for the so-ca11ed "auction markets." (These are 1ocated at

major centers, the on1y one in Nuba Mountains area is at Kadug1i, which

is the provincia1 capita1 for S. Kordofan). The prices announced each

year by the Ministry of Commerce, are re1ated to the expected wor1d mar-

ket prices expressed as f.o.b. at Port Sudan. This system of minimum

prices is ensured by having the government trading companies buy quanti-

ties that are offered but not bought by private traders at these prices.

However, it remains to be said that the "auction markets" system

has 1itt1e direct re1evance or impact for the sma11ho1ders in the area

First, there is on1y one auction market in the area (in Kadug1i), and

transport costs from the different regions are prohibitive for the

 

1The joint account system is discussed in more detai1 in Chapter VI.

The corporation 1aw defining this system is a1so given in Appendix III.

2Major port of the Sudan, 10cated at the Red Sea.
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sma11ho1ders given their sma11 scattered production. Second, and more

important, is the fact that the sma11ho1der's disposa1 and marketing of

crops is not independent of their subsistence and production. As we have

indicated ear1ier in discussing cash needs and credit, a significant num-

ber of sma11ho1ders during the course of production become indebted to the

1oca1 money 1enders (shei1), and commit their marketab1e products to

these 1enders. A study by HTS [38] describes another form of marketing

invo1ving barter of crops, which is a1so common in the (area:

There is another form of barter of crops which is

probab1y even more preva1ent than shei1. Most shop-

keepers accept crops in 1ieu of cash payment for goods.

The customer brings a standard measure, norma11y one

ma1wa of sorghum, sesame, 1ubia, groundnuts or okra,

and receives goods of equiva1ent va1ue. The exchange

va1ue of crop bartered is invariab1y 1ess than the

se11ing price. A significant portion of the marketed

production is probab1y transacted in this way, with

the shopkeeper acting part1y as a midd1e-man who

1ater se11s the crop at an auction market or direct

to a major merchant, and part1y as a specu1ator anti-

cipating that the crop can be so1d 10ca11y at a higher

price 1ater in the season [38, p. 59].

Some farmers a1so market a part of their crops direct1y to their

fe11ow vi11agers, acting as retai1ers. This is done at home in the

vi11age, or when transport can be arranged in the nearest 1oca1 market.

Tab1e 3.16 shows the prices received by the sma11ho1ders in the

area for the season 1979/80. The prices received by the farmers depend

on the one hand on the nature of the marketing arrangement (e.g. shei1,

barter, direct retai1ing, etc.). and on the other hand on where and when

sa1es take p1ace. The best prices a sma11hoider can get are those pre-

vai1ing few months after harvest, at the auction market [38]. The prices

shown for cotton are from the NMAPC participants' sub-samp1e, and they
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Tab1e 3.16 Average Prices Received by the Sma11ho1ders in the Area

for the 1979/80 Season

(in L9: 1 L5 = $2.0)

 

 

 

Region #1823?) (32.53180 i;23”?38“ r—SiftiSS
kg Sack) 1b. Kantar) 1b. Kantar) 1b. Kantar)

Abassya 8.50 12.50 5.00 3.90

Um Brembeta 4.50 11.50 4.20

Abu Gebha 3.00 9.77 3.74

Ka1ogi . 4.32 11.67 2.00 3.84

Ta1odi 4.71 12.97 3.95

Kadug1i 7.60 . 7.50 6.00 3.99

Lagawa 7.56 14.00 4.85 4.10

Di11ing 8.70 15.00 5.18 3.96

 

Source: Computed from the survey data (1979/80).

aEstimates from the NMAPC participants' sub-samp1e. 'Prices are

weighted average of three grades of cotton. The fixed price offered by

NMAPC for the three grades respectiveiy was: Grade I = 4.25; Grade II =

3.25; and Grade 111 = 2.75. These prices do not inc1ude 1oca1 transport

costs (i.e., from the fie1d to the nearest co11ection center).
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represent a weighted average of the three grades they have produced. The

NMAPC cotton price po1icy is discussed in more detai1 in Chapter VI.

Contrasting Features of NMAPC Sma11h01der's Agricu1ture
 

The NMAPC, its ro1e and organization is discussed in more detai1 in

Chapter VI. What this section intends to give is a brief description

of features that are particu1ar to NMAPC sma11ho1der participants (as

opposed to traditiona1 sma11ho1ders), with regard to their agricu1ture.

In genera1, these features have not introduced (at 1east so far) any ma-

jor change in the nature of the agricu1tura1 systems. They are designed

primari1y to promote the growth of cotton crop and are characterized

main1y by the introduction of mechanica1 1and preparation.

Land Ownership

Like a11 pub1ic agricu1tura1 corporations in the Sudan, NMAPC re-

tains the ownership and tit1e of a11 the scheme 1and, with farmers recog-

nized as tenants. Among other aims of this po1icy, it is thought to en-

sure running these pub1ic schemes according to specified governmenta1

ruies (especia11y in distribution of 1and), and to enforce the prescribed

set of agricu1tura1 rotations and operations.

Farmers of NMAPC dispute this status of 1and ownership and often

c1aim the tit1e for 1and individua11y, or c011ective1y for different

1
schemes under NMAPC. This situation arises because of the way schemes

are c1eared (from bushes and trees) and registered under the NMAPC. It

 

1Prob1ems of EL-garug scheme in the Kadug1i region is one of many

examp1es re1ated to this issue.



76

is the farmers who co11ective1y c1ear the 1and; NMAPC then supervises

the scheme and divides the 1and (as tenancies) among the participating

farmers. The net resu1t of the disputed 1and ownership issue, has been

ref1ected in an unc1ear production re1ation between the corporation and

1
the farmers. This has a1so caused a number of comp1ications and prob1ems

in administration and management of many NMAPC schemes [46].

Rotations and Crops

In its fu11 deve1opment NMAPC p1ans to have a 15 feddan for each

tenant to be grown in'a three-course rotation of cotton-sorghum-fa11ow.

With 5 feddans for each component in the rotation, participants are ex-

pected to cu1tivate a tota1 of 10 feddans (divided equa11y between cotton

and sorghum) each year.

However, at present neither of these two aspects have been nea1ized.

No fa11owing is practiced, instead a continuous two-course rotation of

cotton-sorghum is fo11owed; and 1and size cu1tivated per tenant is 1ess

than 10 feddans. Tab1e 3.17 shows the tenant 1and size distribution at

the different stations [of NMAPC. Seventy-five percent of the tenants

cu1tivated 1ess than 10 feddans in the season 1979/80. For the few tenants

reporting a 1and size of more than 15 feddans, the 1and actua11y beTongs

to more than one individua1 (e.g., husband and wife and/or brothers, etc.)

and is worked joint1y.

 

1Among other reasons, the NMAPC administration emphasizes the pre-

sent range production re1ations, for not extending credit to the farmers

to cover critica1 operations (e.g. weeding and cotton picking).
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The main component of the NMAPC modernization program is the

mechanica1 cu1tivation services it offers to participants. Theoretica1

c1aims for the yie1d-re1ated advantages of mechanica1 1and preparation,

together with the current prob1ematic situation of these services in the

NMAPC schemes, are discussed in more detai1 in Chapter VI. Tab1e 3.18

shows the average per feddan yie1d 1eve1s of sorghum and cotton for

NMAPC participants. At present, NMAPC participants' yie1d 1eve1s are

not much different from traditiona1 farmers (see Tab1e 3.18). Other

factors b1amed for 10w yie1ds under NMAPC are discussed 1ater in Chapter

VI.

Agricu1tura1 Services
 

In addition to mechanized cu1tivation. NMAPC offers to its partici-

pants chemica11y treated seeds, cotton pest contro1, and credit services.

These services are brief1y described be1ow.

Mechanized Cu1tivation

NMAPC offers to its participants as a centra1 agricu1tura1 service,

mechanized 1and preparation. The operation is performed by a disc/seeder

’(a wide-1eve1 disc harrow) mounted on a tractor. It invo1ves essentia11y

sha11ow discing of the soi1, with the aim of preparing the seed bed and

contro1ing weed growth. In the case of sorghum, p1anting is a1so done

mechanica11y, usua11y simu1taneous with the second discing. Two discings

are stipu1ated; however, at present due to 1ateness of operation, gaso-

1ine shortages and mechanica1 break-downs, very few schemes are disced

twice.
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Tab1e 3.18 Average Yie1ds Per Feddanfor'NMAHZParticipants: 1979/80 Season

 

 
 

 

NMAPC Sorghum Cotton

Station (90 kg Sack§)i (Sma11 Kantar = 100 1bsf)

Abassya 4.50 2.00

Um Brembita 1.71 0.54

Abu Gebeha 6.24 2.26

Kuiogi 4.47 2.87

Ta1odi 2.37 2.38

Kadug1i 1.58 1.89

Lagawa 3.52 2.61

Di11ing 4.53 2.54

 

Source: Computed from the survey data (1979/80).
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The present practice of NMAPC is to prepare the 1and for cotton first

(to ensure it is p1anted), before preparation of 1and for sorghum. The

NMAPC charges a f1at rate of Ls 1.00 per feddan for one discing and Ls

1.60 for two. It is re1evant here to mention that under the present

system, there are many organizationa1 prob1ems, resu1ting in 1ate and

10w qua1ity performance of these operations. This has created an e1e-

ment of disatisfaction among farmers with the NMAPC system.

Provision of Seeds

The NMAPC provides chemica11y treated cotton seeds, free of charge,

to both traditiona1 and NMAPC farmers. In recent years, the NMAPC have

been encouraging participants to grow improved sorghum varieties, by

providing the short maturing varieties (Umbenien and Gradam-e1-Hamam) to

the farmers at cost. NMAPC has no seed mu1tip1ication faciTity, and

varieta1 degeneration has a1ready been observed for both cotton and

sorghum [38].

Cotton Pests Contro1

The cotton crop is attacked by two main pests: f1ea beet1e in the

ear1y stages of growth and cotton bo11worms around 1ate September and

October [6]. Thymu1 35%, Using ULV sprayers, was found to give good re-

su1ts in contro1 of both pests. The NMAPC recommends two sprayings for

the cotton crop. However, at present on1y around 50 percent of the crop

is treated, and this with one spraying at the rate of one 1iter per fed-

dan. The NMAPC provides the chemica1s and Sprayers, and requires the

farmers to do the job themse1ves, under the supervision of the crop pro-

tection department. Timing and management of the operation was reported

as being unsatisfactory [38].
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Another minor cotton pest, is the cotton redstainer bug. The NMAPC

controTs this pest by spraying trees and shrubs near the schemes, through

an intensive campaign in the dry period. Costs of this campaign are

assessed to a11 farmers c011ective1y and are debited to the "joint account“

'described ear1ier.

Tenant's Credit

At present, participants are offered credit faci1ities on1y for me-

chanica1 1and preparation costs, usua11y subtracted from the farmer's

share of his cotton return. If the farmer is not growing cotton, or

if his share wi11 not cover these costs, he is expected to pay in cash at

harvest time. The payment record is unsatisfactory, and farmers debits

are transferred from one season to the other.1

Farmers hope that NMAPC wi11 begin extending credit to cover other

agricu1tura1 operations, name1y weeding and harvest. Under its constitu-

tion (as in other agricu1tura1 pub1ic schemes) NMAPC has the potentia1 of

doing this. However, impTementation is hindered by the unc1ear produc-

tion re1ationship (especia11y the issue of 1and ownership), and by the

poor repayment performance of the 1and preparation services.

 

1The NMAPC administration mention the mounting farmers debits, as

the reason for shutting down a1most a11 schemes in the 1974/75 season.



CHAPTER IV

REPRESENTATIVE PRODUCTION MODELS AND

THEIR LINEAR PROGRAMMING STRUCTURE

The previous chapter presented a genera1 description of sma11ho1der

agricu1ture and its environment in the Nuba Mountains. The materia1 in

this chapter is divided in three parts. The first part is a discussion

of sma11ho1der farming systems in the area, and the representative pro-

duction mode1s used to ana1yze these farm systems. The second part pre-

sents the structure of the forma1 Tinear programming (LP) mode1s (objec-

tive function, activity and constraint sets), and the procedures used to

estimate mode1 coefficients. The 1ast part describes the changes made

in the basic LP mode1s to a11ow the conduct of experiments which address

the major research objectives.

Sma11ho1der Farming Systems and

Representative Production Mode1s

An important purpose of this study is to identify and examine in a

quantitative sense the sma11ho1der's production structure and constraints.

This inc1udes investigating the effects of certain po1icies and/or tech-

no1ogies on the existing sma11ho1der system. The program of NMAPC repre-

sents an important departure from traditiona1 farming, hence it is treated

as a separate production system. Therefore, traditiona1 farming and NMAPC

modernization schemes are the two sma11ho1der farming systems in the re-

gion which are mode1ed.

Simiiarities of important production characteristics within each of

the two systems render a representative farm mode1 approach we11 suited

82
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for the intended ana1ysis. Many of the significant conceptua1 and metho-

doTogica1 prob1ems of the representative mode1 approach center around the

criteria for c1assifying groups of farms on the one hand, and on the

choice and simu1ation of a mode1(s) to be representative of each group

on the other hand, Co11inson [17]. However, in this case, as in many

traditiona1 sma11ho1der settings, it is re1ative1y simp1e to identify

and simu1ate representative conditions.‘ As C011inson has noted:

Most of the obstac1es to using representative farm

techniques derive from the prob1ems of se1ecting

criteria for grouping the farm popu1ation. These

prob1ems are created by the pro1iferation of market

opportunities and technica1 possibi1ities in ad-

vanced agricu1ture which distort the pattern that

wou1d resu1t from natura1 advantages of c1imate and

soi1 [17, p. 103].

However, despite genera1 simi1arities characterizing sma11ho1der

production within each of the two farming systems, there remain some

important differences in production structure and constraints that shou1d

be incorporated in the representative production mode1s. Such differences

are primari1y in the 1eve1 of resources of the individua1 sma11ho1ders.

Differences in area cu1tivated in turn ref1ect the variabi1ity of 1abor

resources among sma11ho1ders. With 1and being re1ative1y abundant in '

the region, 1abor is the principa1 scarce factor of production for the-

sma11h01ders. In addition to inf1uencing the cu1tivation size and

enterprise c0mbinations at the farm 1eve1, the avai1abi1ity of 1abor

a1so interacts with other factors to determine the 1abor uti1ization

profi1e in sma11h01der production. The 1atter has important imp1ica-

tions for the design of the representative mode1.
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C1assification by cu1tivation size is usefu1 since area cu1tivated

is corre1ated with other farm resource use 1eve1s. For examp1e the sim-

p1e corre1ation coefficient (r) between the cu1tivation size (GRLND) and

tota1 1abor (TL) use at the farm 1eve1 was found to be 0.73 (i.e.,

rGRLND, TL = 0.73)]. Cu1tivation size is a1so highiy corre1ated with

tota1 operating capita1 (0C) use (rGRLND, CC = 0.78)2. This indirectTy

ref1ects the inf1uence of 1abor, essentia11y because hired 1abor (HL) is

the principa1 item to which 0C is devoted. The corre1ation coefficient

of the 1atter two variab1es was found to be very high (rOC, HL = 0.96).

For these reasons, the cu1tivation size criterion was used to se1ect

three categories of representative resource conditions for the ana1ysis

of the two sma11ho1der production systems in the region, i.e., the tradi-

tiona1 and NMAPC systems. The choice of three categories (to represent

sma11, medium, and 1arge resource endowments) was based on the fo11owing

considerations:

1. Three categories of farm 1eve1 resources are deemed sufficient

for representing the important differences re1ating to sca1e and

cu1tivation size within each of the two sma11ho1der systems. It

was considered that using fewer than three 1eve1s might not

capture the important differences across the samp1e popu1ations.

 

1In fact an even higher corre1ation cou1d probab1y have been obtain-

ed if TL (the sum of fami1y, hired, and nafir 1abor use) was disaggre-

gated by certain periods (name1y the 1abor intensive periods). Use has

been made of this observation in formu1ating the fami1y 1abor resource

constraints of the production modeis (see next part of this chapter).

2As exp1ained 1ater, tota1 cash expenditure (in agricu1tura1 opera-

tions) is used as a proxy for CC.



On the other hand, more than three categories wou1d not add

enough to the ana1ysis to justify the cost and effort in--

vo1ved.

2. As discussed be1ow. differences in cu1tivated area, ref1ected

in these farm categories, are a1so reasonab1y ref1ective of the

other important differences in househo1d characteristics (demo-

graphic composition, consumption, off-farm work opportunities,

etc.) which a150 must be contr011ed for in the production mode1s.

3. A1though the NMAPC sma11h01der system is p1anned and operated

with a standard size and crop composition, the use of the three

resource categories in the NMAPC sma11ho1der production mode1

a11ows an ana1ysis of the merits of current and proposed NMAPC

farm p1ans and po1icies.

The production resources and characteristics of the three farm size

categories are shown in Tab1e 4.1. As a1ready discussed in Chapter III,

dura dominates the cropping pattern in the area. Cotton has a1most

disappeared from the traditiona1 sma11ho1der area.

Fami1y 1abor use as a percent of tota1 1abor decreases as the cu1ti-

vation size increases. It is high in category I, 1ess so in category II,

and 1east important in category III. Hired 1abor use is the reverse of

this case; it is high in the 1arge category III, 1ess so in the medium

category II, and very 10w in the sma11est category I. Nafir 1abor is

a different case in both abso1ute and re1ative terms, its use being the

highest for medium sized farms in category II.

The 1arge size of the 1abor expense share in operating capita1 ex-

penditure is c1ear1y shown across a11 the three categories. Other
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Tab1e 4.1 Production Resources and Characteristics: Distribution

by Farm Size Category, for Farms Surveyed

 

Cat or I Cat or II Cat or III

Characteristic {5.10.2.5 733.) (5.1-5.9 ¥33.) (10.0-35.5 733.)

 

 

No. of Holdiggs 51 43 19

Percent of Tota1 45.1 38.1 16.8

Resource Usea

(and Us; (feddan) 3.10 6.59 14.37

""' (1.4) (1.3) (3 1)

Cottonb 0 0.11 0.28

(0.4) (0.9)

Oura 1.93 4.15 _ 9.28

(1.4) (1.2) (2.6)

Groundnuts O 0.89 1.05

(1.3) (2.4)

Sesame 1.18 1.4 3.76

(0.4) (1 4) (2.5)

ngor Useg(men-day§) 133.75 165.40 250.67

'—‘—* (63.7) (59.2) (131.4)

Fami1y Labor 112.25 96.40 133.00

(77 7) (37.2) (77.2)

Hired Labor 3.00 30.20 106.83

(3.0) (28.7) (150.3)

Nafir Labor 18.50 38.8 ' 10.83

(23.9) (40.1) (25.0)

Labor inputs/feddan 43.15 25.10 17.44

0 eratin Ca ital LS 7.85 40.99 92.95

(5.9) (31.6) (109.5)

Labor Expensec 6.57 34.03 79.40

(6.5) (26.4) (103.2)

Seeds 0 1.13 5.96

(2.8) (8.7)

Chemica1s 0 0.16 0.34

(0.3) (0.3)

Sacks 1.28 5.67 7.26

(1 5) (7.03) (11.3)

0C/feddan 2.53' 6.22 6.47

 

( ) - Standard Deviations

Source: Computed from survey data (1979/80).

aEstimates from 42 cases with comp1ete 1abor records.

bFigures are missing or sma11 since very few (only 6 farmers) of the traditional sub-sample grew

cotton.

cInciudes transport of crops to home or market.



87

purchased inputs vary direct1y with farm size; being highest in the

1argest category III, and a1most zero in the sma11est category I.

Se1ected househo1d characteristics corresponding to the three cate-

gories of production are given in Tab1e 4.2. Both average fami1y size

and number of active workers are direct1y corre1ated with farm size.

Average fami1y size varies from 5.25 (in category I) to 7.08 members

(in category III). This variation in fami1y size between the three

farm size categories is direct1y corre1ated with househo1d consumption

1eve1s. Dura consumption, expenditure on food, and other annua1 expen-

ditures are a11 direct1y re1ated to the fami1y size. The differences in

dura consumption 1eve1s (in 90 kg sacks) between the three farm size

categories are incorporated in the minimum dura consumption constraints

of the LP mode1s. However, the abso1ute amounts of the dura consumption

of the three categories are adjusted by judgement to be 8, 10, and 12

sacks, respective1y.1

Crop sa1es by the househo1d are a1so direct1y re1ated to the farm

size category. This is not on1y because of the obvious increase in cu1-

tivation size, but more important1y because of the increase in dura pro-

duction (see Tab1e 4.2), and therefore the increase in potentia11y

marketab1e portions (i.e., after a11owance for househo1d consumption

needs) of dura in the re1ative1y 1arger farms (category II and III).

Livestock hoidings show the same direct re1ation across categories.

Investment in 1ivestock, as previousTy indicated, is one of the

 

1Given the variances of the dura consumption estimates (see standard

deviations, Tab1e 4.2), these 1eve15 are sti11 within the observed range.

Additiona1 discussion and justification of these 1eve1s is given in the

next part of this chapter.
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Table 4.2 Se1ected Househo1d Characteristics: Distribution by

Farm Size Category, for Farms Surveyed

 

Cats?? I (35533; (1 Cat II

 

mm

Average Family Size ’ 5.25 ' 5.93 7.08

‘ (3m mJ) (an

Active Population‘ 2.50 2.93 3.33

(0.6) (0.9) (1.7)

Consular Equivalentsb 4.05 4.41 . 5.13

(2.4) (1.6) (2.0)

M Cons “on 7 05 8 76 11 S7

8"" ““9 3“") (2:1) (4:0) (6:2)

c 260.0 274.04 282.16

d 27.75 95.53 113.42

are Production (90-kg sacks) 9.25 18.60 37.67

(4.3) (11.8) (29.6)

QM Sela (Ls) 15.00 68.80 144.69

(30.0) (89.6) (113.1)

Livgmk Holding; (No.)

Catt1e 1.27 5.71 5.53

(3.5) (9.3) (12.8)

$14.09 1.30 0 4.86

(6.3) (14.9)

Goats 4.61 8.58 7.95

(8.3) (8.1) (7.5

but.” 0.09 0.38 0.82

(0.3) (0.6) (0.8)

Am—gww Off-M ac tion“ :0." :1; :9; ".1: :9: '1_'

1. Wage Labor in MFC 26 2 17 3 22 2

2. Wage Labor in NMPC 23 5 18 2 21 3

3. Wage Labor in Traditional 25 3 18 2 20 4

4. Trade 24 4 19 1 18 6

5. Cutting Wood/Hay Z7 1 17 3 23 1

6. Bringing Water 25 1 19 1 23 1

7. @vernment do 23 5 17 3 23 1

8. Misce11aneous 14 14 10 10 19 S

9. Livestock Husbandry 28 0 20 0 24 0

10. Livestock Trade 28 0 20 0 24 0

 

( ) - Standard Deviations

Source: Counted from survey data (1979/80).

ADefined as neles and faneles in the age bracket 15-65 years.

bA weighting procedure suggested by FAD was used. Weights used were as f011ows: males and

fules (0-4 years) - .2: males and females (5-9 years) - 0.5; males (10-14 rs) - .75; females

(10-14 years) - .7: ules and Mules (15 years and above) - 1.0 [61. p. 1381?I

cAnnual expenditure on: meat. vegetables. oil. and tea.

dAnnual expenditure on: clothes. health. children education. household physical mintenance.

and cemnial.

"1" - if involved in occupation: "0'l - if not. This is based on responses, not respondents.

'Include occupations such as honey col1ections. house building. charcoal burning, shoueher.

labor in the market. we11 digging. etc.
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important measures taken by the sma11ho1ders to counteract risks and

uncertainties associated with crop production.

Off-farm emp10yment opportunities have been discussed in Chapter

III. The distribution of off-farm activities by category, as seen from

Tab1e 4.2, shows some contrasting features. Very few farmers in cate-

gory III engage in the common pattern of off-farm work, name1y off-season

work in hay or wood cutting, charcoa1, rope-making, hut bui1ding, and

other'misce11aneous jobs. A majority of individuais in this category

are traders and shopkeepers.

By contrast, the individua1s in category 1, beyond their participa-

tion in the common pattern of off-farm work, are re1ative1y more engaged

in work as agricu1tura1 laborers outside their own p1ots. Nineteen per-

cent of this work is done during the growing season.

The next part of this chapter wi11 present the forma1 LP model.

The features and characteristics of the three production size categories

wi11 be detai1ed. This wi11 be done in the context of the two production

mode1s (traditiona1 and NMAPC) of the Nuba Mountains area.

Structure of the LP Modeis

Introduction

In this section the detai1s of the production mode1s are discussed

in terms of the three major parts of the LP model: the objective func-

tion, the activity set, and the constraints set. First, a genera1 out-

Tine of the basic production mode1 and its variations is given.

Figure 4.1 is a schematic representation of the basic production

mode1. The agricu1tura1 operations of the four crops are represented as

different activities. Two sets of the same activities are inc1uded to
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represent 'early' and 'late' cultivation. The main difference between

these two agricultural operations sets is their labor time distribution.

Table 4.3 gives the timing of these crop operations by model periods.

Also, in the basic LP model, labor in both the activity and constraint

sets is disaggregated by the three types of labor [i.e., fami1y, hired,

and nafir (exchange labor)]and by the twelve monthly mode1 periods.

This basic model is modified in a number of experiments to permit

analysis of the following:

1. Traditional Smallholders

a) Analysis of the three production size categories.

b) Crop yie1d sensitivity analysis.

0) P1anting time experiments.

d) Credit experiments.

e) Cotton price variation experiment.

2. NMAPC Participants

a) 'Status-quo' model analysis.

b) 'Full-phase' model analysis.

c) Credit experiments.

d) Cotton price variation experiment.

The Objective Function

The identification and specification of small farmers' production

objective(s) represent a special problem which has been the subject of

much theoretical and empirical study. Two main objectives have received

much emphasis in modeling sma11 farmer decision making. These two ob-

jectives are:
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l. The maximization of some formulation of profits, output, or

income.1

2. The satisfaction of basic family consumption requirements.

The first objective (profit-maximization) was derived from the theory

of the firm. Objections to the use of the profit-maximizing goal in

analyzing traditional smallholder production question the validity of

the theory's assumptions when applied to the case of the small farmer

”firm." Production in the latter case, it has been argued, differs in

the nature of its resources, organization, objectives, and the place

it holds within the complex of the traditional household.2

Production function studies have generally assumed some maximization

of profits or net revenue [19, 36]. In these studies the test for pro-

fit-maximizing behavior involves analyzing the resource allocation of the

smallholder. A necessary and sufficient condition of profit-maximization

requires equality of the marginal va1ue product (MVP) and marginal factor

cost (MFC), both for each input and across the inputs set .

Although these restrictive conditions were not found to apply en-

tirely in all of these studies, still, many of the inputs were found to

be allocated efficiently by farmers [36]. Also, incorporation of the

second objective (consumption/security) results in different optimal con-

ditions. As Massel and Johnson note:

 

1Utility maximization has been shown to be the general case (Dillon

and Anderson [19]) of which profit maximization is one of the special

cases.

2For examples of the earliest literature discussing the issue, see

Chaynov [14], and Roden in Clifton [15].
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But if the farmer emphasizes security rather than

profit maximization, the standards of efficiency are

different. One cannot gauge efficiency by examining

economic performance in a single year only; rather

it is necessary to have time series data to permit

analysis of the farmer's success over time in achiev-

ing self-sufficiency....or else to have information

on variability of crop yields and prices [36, p. 29].

A further criticism of the profit maximizing objective, in the con-

text of smallholder production, has been offered by Lipton [34]. In the

case of farmers producing in a risky production environment, he states:

Owing to rainfall variability, there is no unique marginal

physical product (MPP) associated with any factor,

but only a probability distribution of MPP. By

acting as if he used the calculus of expected

values, an optimizing peasant can nevertheless

find a long-run, profit maximizing algorithm

analogous to marginal va1ue product equalization.

However, in the nonequatorial tropics, rainfall

variance is much higher than in most temperate

agricultures, so that for rainfall and hence

MPP's - expected value is a much poorer predictor

of actual value. In particular, the smaller is

mean rainfa11, the greater is the coefficient of

variability [34, p. 330].

Under such a condition, Lipton proposes instead a "survival algorithm“

that constitutes an "explanation of rational, security-centered peasant

conduct."

Many empirical tests and studies by Norman [48], Wolgin [60], and

others conducted in less 'risky' environments seem to support the ,

relevance of both profit maximization and security objectives. In this

view, the smallholder is considered as an "efficient, risk-averse"

producer. .

In the Nuba Mountains area, both objectives are relevant, hence

they are incorporated in this study. In addition to the safety-first
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feature described below, the smallholder in the area practices other se-

curity strategies which are not represented explicitly in the model.

For example, production on the "Jubraka" (home plot) is mainly oriented

towards the household consumption/security objective. Livestock owner-

ship and investments also constitute an important strategy followed by

smallholders in ensuring against risks of their crop production activities.

The LP models used in this study maximize net revenue from crops,

but ensure the production of sorghum to at least satisfy household con-

sumption needs. This, in other words, is net revenue maximization sub-

ject to a safety-first constraint. Other risk-elements are also con-

sidered in special experiments analyzing crop yield sensitivity and

planting-time strategies.

Mathematically, the statement of the objective function and the LP

problem is as follows:

max R =

n

s.t. Z a. x. < b. and x. :_0

where:

R = Net revenue, or total returns to fixed inputs (i.e., to

family labor and land).

C. = Net revenue/feddan (i.e., Gross Revenue-Variable Costs)

of the ith activity.

ai. = Per feddan input-output coefficient of the jth resource

3 used or contributed by the ith activity.

b. = Vector of resource availability.

x. = Level of activity.
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The following two sections give a description of the structure and

estimation of the activities and constraints used in the model.

The Activity Set
 

The activity set includes the following activities:

1. Crop Production Activities

Labor Hiring Activities

Dura Consumption and Buying Activities

Selling Activities

0
1
-
p
r

Transfer Activities

1. Crop Production Activities

The crop production activities are the core of the model. As such,

their specification determines to a large extent how well the model re-

presents the two smallholder farming systems considered in this study.

Collinson [l7] discusses three methods of choosing a representative

model:

a) The choice of selected farm(s) which are representative.

b) The use of averages (or any other measure of central tendancy)

in constructing the representative model.

c) Synthetic (component by component) construction and estimation

of the representative model.

In practice, the use of the selection method is greatly limited by

the need to specify and weight the criteria to be used in arriving at a

representative farm(s) (Collinson [17]).1 The use of the other two

 

1Not only are these difficult to arrive at, but the method requires

the tabulation and ranking of all sample farms (by these criteria) in

order that a representative one(s) can be chosen.
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methods is much more common. Generally, depending on the sample in

question, the use of averages in synthesizing a model unit from sur-

vey data brings with it the problem of aggregation bias. An important

aspect of this bias is reflected in the constructed average profile mis-

representing the observed labor use profile. This problem would be more

pronounced and serious if the interfarm differences in agricultural opera-

tions timing (agricultural calendar) are large. In such a situation,

peak periods in one farm are offset (through the averaging process) by

slack periods in another so that the whole labor profile is flattened.

The third method of constructing a representative model, which is essen-

tially a modification of the averaging method, is particularly relevant

and appropriate in dealing with this problem. This was the method used

in this study.

For the two farming systems in the area, three components of the

production activities interact to determine the shape and hence represen-

tativeness of the resulting 1abor profile.1

a) Agricultural operations.

The NMAPC smallholder models differ from the traditional model by

including only dura and cotton in the rotation. Two additional activities

representing mechanica1 ploughing are also added to the NMAPC models.

b) Calendar of agricultural activities.

The timing of the above operations is an important element of the

labor profile. This component of the production activities was estimated

 

1From the supply side, the distribution of family labor (by period

for the three categories) is obviously crucial, and is discussed under

the constraint set.
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1 Two timingfrom the survey data using modal times of these operations.

schemes, "early" and "late" (based on the time of planting), are repre-

sented in the traditional models. The second scheme ("1ate") was added

after initial tests and runs with the basic model and was found to be

useful in improving the representativeness of the model in general and

that of the cropping pattern and labor profile in particular.

In contrast, the NMAPC smallholder model includes only one calendar

of operations. The NMAPC of mechanical ploughing activities, which are

done very early in the season, results in a generally similar time pat-

tern of activities for all NMAPC participants.

In the design of the LP model, the operations of any one calendar

are forced together in sequential order (see balance constraints dis-

cussed later), but the program is allowed to choose either "early" or

"late" operations for crops entering the optimal solution. -

c) The per feddan labor coefficients of the agricultural activities.

This third component of the production activities affects the labor

profile in a more visible and straightforward manner. Averages from a

selected group of fields (discussed below) were used to estimate these

coefficients. Other sources were used as the basis for adjusting the

estimated coefficients. Ensuring a representative cropping pattern did

much to achieve representative 1abor profiles.

 

1The mode and the second most frequent value were used.
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Table 4.4 gives a summary budget for crops grown in the two systems.

The labor cost component actua11y depends on the type of labor allocated

to the production of any one crop. The three types of labor available

to the smallholder (fami1y, nafir, and hired labor) are represented in

the model. Their levels and distribution by model period (for the three

categories) are discussed later under the constraint set. In Table 4.4

it was assumed that 25 percent of total labor is hired, in order to

facilitate the comparison of total costs and returns both between crops

and for the two systems.

The disaggregation of total labor by different activities across the

model periods is shown in tables 4.5, 4.6, 4.7 and 4.8. These tables

show the production activities of the traditional farm model for

cotton, dura, groundnuts, and sesame, respectively. Differences per-

taining to the NMAPC model are also shown, and discussed in detail

later. In what follows we discuss the procedures and assumptions adopted

in the estimation of coefficients for these production activities.

In general, estimation of coefficients involves not only statistical.

rigor but also appropriate subjective judgements. In the case of this

study, FAO survey data were available to compare, cross check, and adjust

the coefficients estimated from this researcher's 1979/80 survey data,

using 71 selected fields with complete labor use records.1 Estimation

of these coefficients was based on statistical averages. The input-

output coefficients are calculated on per feddan basis which is the

 

1Each of the 71 fields has at least a complete 1abor record for one

crop, but not all fields have complete 1abor records for all four crops

considered.
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Table 4.4 Per Feddan Crop Budgets for Traditional and NMAPC Systems

 

 
 

 

 

 

Traditiona1 NMAPC

Items Ground-

., Cotton. Dura nuts Sesame Cotton Dura

Variable Costs¥(Ls)

Tractor Ploughinga - - - - 1.6 1.6

Seeds/Chem. 0.0 0.50 5.17 0.57 0.0 0.50

Total Laborb(m.d.) 43.54 28.91 35.28 29.75 29.70 20.22

Hired Labor (LS) 7.24 4.81 5.87 _ 4.95 4.95 3.36

Sacks/Transport 1.96 3.96 6.63 2.57 1.96 3.96

Total V.C. 9.19 9.27 17.67 8.09 8.50 9.42

Returns (LS)

Yie1d (Sacks)c 3.0 4.78 6.16 2.79 2.23 3.58

Price/Sack 3.80 6.60 4.70 9.20 ‘3.80 6.60

Gross Returnsd 11.40 31.55 28.95 25.67 8.47 23.63

Gross Margins 2.21 22.28 11.28 17.58 - .03 14.21

 

Source: Computed from (1979/80) survey data.

aA fixed charge of Ls 1.60 per feddan. One Ls = $2.0.

bAssuming 25 percent of the required labor is supplied by hired

labor at an average cost of LS 0.665 per man day.

cSack weights of different crops

Cotton = one Kantar (45.0 kg)

Dura = 90 kg

Groundnuts = 45 kg

Sesame = 75 kg

dActual gross margin would vary according to the percentage use of

hired labor (see b), but the figures are indicative of the relative pro-

fitability of the different crops.
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unit of the production activities. In tables 4.5, 4.6, 4.7 and 4.8

coefficients are assigned a positive or negative sign to indicate the

use of or addition to a particular resource inventory, respectively.

a) Objective function coefficients:

All coefficients of the crop production activities except for plant-

ing (PLNT) and second harvest (HVST II) operations carry a zero value

in the objective function. This is because the only cash cost component

of these operations is that of hired and nafir 1abor, which is accounted

for by the hired 1abor (HL) and nafir 1abor (NL) activities in the model.

The objective function coefficients for planting represent the average

cost (in L5) of seeds and chemical dressing per feddan. As for second

harvest (HVST II) the estimate is for the cost of sacks and transport

from the field to the home (in case of dura) or market (in case of other

crops).1

b) Labor coefficients:

Coefficients are average total man-days per feddan for the particu-

lar operation. A man-day is equivalent to seven hours of work provided

by adult males, but females and children also participate. In computing

man-days, labor for weeding provided by children (male and female, 0-15

years of age) is discounted by a factor of 0.5, based on the assumed

lower productivity of this group in weeding. The labor input contributed

by all three types of labor: family 1abor (FL), hired 1abor (HL), and

nafir 1abor (NL),was totalled in deriving the average per feddan coeffi-

cients.

 

1In the case of cotton this would be the nearest collection center

where local cotton markets are established.
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Table 4.9 compares the per feddan labor coefficients estimated from

available sources. As one might expect there is no exact equality between

the three sets of available estimates, but overall they compare reasonab1y.

c) Operating Capital Coefficients

Operating capital (0C) is used mainly for hired labor expenses; these

are accounted for directly through the hired and nafir 1abor (HL, NL)

activities of the model which draw directly from the available 0C resource

stream. Other cash requirements are those of planting and harvest opera-

tions. Planting (PLNT) includes seeds/chemical dressing. As for har-

vest (HVST II), the coefficient represents the costs of sacks and trans-

port.

2. Labor Hiring Activities

Twelve activities (one per month) for both hired labor (HL) and

nafir 1abor (NL) are incorporated in the model. Table 4.10 shows the

labor activities portion of the LP tableau. The unit of the activity

is man-day (equivalent to seven hours a day). The availability and use

of these resources is governed in the model partly by the availability

of operating capital (DC).1 No limits were set on the use of HL

(other than that implied by the availability of 0C); however, the NL

activities are restricted to the upper limit specified by the correspond-

ing constraint set-

 

1Including replenishment of 0C inventory internally in the model

(through crop sales) or through borrowing activities (in some of the

eXperiments).
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a) Objective Function Coefficients

Coefficients for HL are averages of monthly wage rates, estimated

from this researcher's 1979/80 survey data. For HL, both cash and

in-kind expenses are incurred. For convenience here, in-kind amounts

' were translated into cash values in Ls. Also, activities which in

reality are not paid per man-day, but per unit land (as sometimes for

weeding), or per unit production (as in threshing and cotton picking

for example), are also converted in the model to a per man day basis.

For nafir 1abor (HL), the estimated average value of the in-kind costs

per man-day (Ls 0.33) was applied in the objective function with no

monthly variation in the rate.

b) Input-Output Coefficients

Both HL and ML activities directly supply the total labor (TL) re-

source inventory.1 This is represented in Table 4.10 byra series of ne-

gative ones (-1) to indicate addition to the TL resource. In the OC

rows, the ML and NL coefficients are the corresponding wage rates that

appear in the objective function.

3. Dura Buying and Consumption Activities

A dura consumption activity' is included in the model. The con-

sumption activity has a unit of one sack (90.0 kg), with a zero value in

the objective function, implying no cost to the household from the

activity. It has a coefficient of positive one (+1) with the dura con-

sumption constraint, to indicate satisfaction of the constraint by one

unit.

 

11heinitial supply (right hand side) values for the total labor

rows are estimated averages of family labor (FL).
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A dura buying activity is also included in the model, to be activated

only if farm production falls short of satisfying the required level of

dura consumption. It has a coefficient of -l in the consumption con-

straint row, indicating the replenishing of the dura inventory by one

unit (90 kg sack). It has an objective function coefficient of negative

Ls 11.0. This implies a price per sack of dura much higher than harvest

prices which farmers receive for dura sold. The reason for this is

that it represents the more likely situation of farmers buying dura well

after the harvest period, when prices rise m0ch higher than their har-

vest levels.

4. Selling Activities

Four selling activities for cotton, dura, groundnuts,and sesame are

represented in the model. These are shown in Tables 4.5, 4.6, 4.7 and

4.8,respective1y. Selling is assumed to take place immediately following

harvest. Prices used are the average prices received by the farmers in

the- area . in the season 1979/80. These are represented as positive co-

efficients in the objective function. They also appear as negative co-

efficients, replenishing the 0C streams, corresponding to the selling

months.

5. Transfer Activities

These are activities which allow the passing of unused capital from

one period to the next. The last activity carries over accumulated
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capital to the next season. These activities have a zero value in the

objective function and a series of +1 and -l coefficients in the corres-

ponding OC periods.1

The Constraint Set
 

The constraint set of the model includes the following restrictions:

1. Farm Level Resources

a) Land Restrictions

b) Labor Restrictions

c) Operating Capital Restrictions

2. Minimum Dura Consumption

3. Operations Balance Constraints

4. Non-Negativity Constraints

1. Farm Level Resources

The first part of this chapter has discussed the availability and

distribution of farm resources for the three farm size categories. In

what follows we describe the level of each resource made available in

each model period by farm size category.

a) Land Restrictions

Chapter III described the land situation in the area. It was em-

phasized that there is no current land shortage, and that limitations

of land size are largely those brought about by the limitations of other

production inputs (name1y labor and operating capital).

 

1These activities are shown together with the capital borrowing

activities discussed in the next part of this chapter (see Table 4.17).
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Land referred to in this context consists of the field plots, locally

known as Saraya. Such land is assumed to be homogenous. No distinction

by soil type is employed in the model. The upper limit (in feddans) of

each farm size category was used as the limit in the restriction. For

the NMAPC models, the average of the existing farm size and the proposed

tenancy size under full-phase development was used. Land restriction

limits in the basic LP models are shown in Table 4.11.

Table 4.11 Land Restrictions Limits in the Basic LP Models

 

Model Restriction Limit (in feddans)

 

Traditional:

(i) Category I 5.0

(ii) Category II 9.9

(iii) Category III 25.9

NMAPC:

(i) Status-Quo 6.0

(ii) Full-Phase 10.0

 

b) Labor Restrictions

(1) Family Labor

To derive the family labor supply for the three production categories.

assumptions based on the observed ayerage labor use profile are employed.

The FAO survey data, which has a larger sample size than this researcher's

survey and a higher percentage of cases with complete labor records, was

used. Table 4.12 gives the monthly distribution of family 1abor use by
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Table 4.12 Monthly Distribution of Family Labor Use by Production Cate-

gory (in man-days): Sample Averages

 

 

 

Category I Category 11 Category III

Month (0.0-5.0 (5.1-9.9 (10.0-25.9

' fed.) fed.) fed.)

Jan. 16.5 14.2 18.2

Feb. 5.8 11.5 28.5

Mar. 4.4 8.1 14.8

Apr. 4.8 12.7 16.4

May 7.8 15.7 22.6

Jun. 13.7 23.7 34.3

Jul. 22.6 45.1 53.9

Aug. 24.8 42.1 62.7

Sep. 16.8 21.2 46.3

Oct. 10.9 19.8 24.9

Nov. 12.2 23.2 26.8

Dec. 12.1 '19.5 25.2

TOTAL 152.9 262.6 387.4

(125.2) (226.6) (365.8)

( ) = Standard Deviations

Source: Computed, FAO survey (1978/79).
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production category. Figure 4.2 illustrates the observed labor profile

graphically.

Three distinct labor periods can be observed. The first period ex-

tends from last season's harvest operation until the beginning of the

current year cropping season, which is from February through June. This

period is characterized by the lowest labor use by the household.1 The

second period is the planting and weeding period (from July through Sep-

tember). This is the most labor intensive period. The third and last

period is that of harvest and post-harvest activities (from November

through January). This is again a labor intensive period, but less so

than the second period.

Based on the characteristics of the labor use profile described

above, Table 4.13 shows the family labor supply levels in the LP models

by category and model period. The figures are based on averages from

the FAO survey data.2

(2) Hired Labor

No restrictions on the amount of HL are employed in the LP models.

HL use in the models is limited only by the availability of operating

capital.

 

1October labor use also fits the pattern of this period. It repre-

sents a slack between the weeding period and the harvest period.

2 . .
In the first period (February through June) and during October,

family labor supply is adjusted (upwards) to be 20 man-days per month

for each of the three categories.
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Table 4.13 Fami1y Labor Supply (in Man-Days) in the LP Models: 13y

Production Category and Model Period

 

 
  

 

. Category I Category II Category III

”1‘3?" (2.23-0 9.13: “0.2.59

1 Jun. 20.0 20.0 20.0

2 Jul. 22.0 36.0 54.0

3 Aug. 22.0 36.0 54.0

4 Sep. 22.0 36.0 54.0

5 Oct. 20.0 20.0 20.0

6 Nov. 20.0 22.0 26.0

7 Dec. 20.0 22.0 26.0

8 Jan. 20.0 22.0 26.0

9 Feb. 20.0 20.0 20.0

10 Mar. 20.0 20.0 20.0

11 Apr. 20.0 20.0 20.0

12 May 20.0 20.0 20.0

 

(3) Nafir Labor

Unlike hired.1ab0r, nafir 1abor (HL) is governed by different in-

stitutiona1 arrangements which limit its availability. Usually this type

of labor is available during periods of peak demand for planting, weed-

ing, and harvesting. Limits employed in the models are derived from this

researcher's survey data for the three farm si2e categories shown in Table

4.14.
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Table 4.14 Nafir Labor Availability (in Man-Days) in the LP Models: By

Production Category and Model Period

 

   

 

. . Category I Category II Category III

“133‘?“ ‘26???” 9.1:): “0.2.9:
2 Jun. 3.33 5.58 2.70

3 Aug. 3.33 4.58 2.70

4 Sep. 3.33 3.53 0.00

6 Nov. 3.33 5.42 1.67

7 Dec. 3.33 9.21 8.20

8 Jan. 0.00 4.10 1.30

 

c) Operating Capital Restrictions

In Chapter III, the sources and uses of 0C are discussed. Sma11-

holders in the region need cash for both consumption and production uses.

The sources are also varied, including savings, crop and livestock sales,

off-farm earnings, and borrowing. Borrowing from traditional money 1enders

(the "sheil" system) is widespread [8].

In general, the estimation of operating capita1 availability is a

difficult problem in a small farm setting. For this study, amounts spent

on crop production estimated from this researcher's survey data were

used as a proxy for farm 0C. The estimated figures were Ls 6.93, Ls

27.83, and Ls 152.27, for the three categories,respectively. All 0C is

made available in the first period (June), and unused amounts are trans-

ferred as needed to the subsequent periods. The supply of DC in the

models is augmented by crop sales later in the season, and by capital
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borrowing activities in the credit experiments. An ending capita1 restric-

tion is imposed in the models to ensure that an amount at least equal to

the starting 0C is available for the next season.

2. Minimum Dura Consumption

The importance of dura consumption for smallholders in the area has

already been discussed in Chapter III. It was also pointed out that

devoting a minimum feddanage of dura to at least satisfy household con-

sumption needs is one of the risk strategies practiced by the smallholder.

A study in Eastern Sudan [MI] estimated that 14 sacks of sorghum are con-

sumed by a slightly larger than seven member household. Average dura

consumption estimates from this researcher's survey (see Table 4.2) were

7.05, 8.76 and 11.57 sacks for the three farm size categories, respec-

tively. These figures were adjusted based on average family sizes (5,

6 and 7 members) and it is assumed in the models that an amount equal

to eight, ten, and twelve sacks (90 kg) must be devoted to consumption

in categories I, II, and III, respectively:l

3. Agricultural Operations Balance Constraints

These constraints are employed in the model to force the cu1tiva-

tion for a particular crop timing to occur together in the proper sequence.

A series of (-1) and (+1) coefficients are used to place land at the dis-

posal of an agricultural operation, and to transfer it to the next opera-

tion, respectively.

 

(These levels are judged to be reasonably on the safe side of con-

sumption, since>they don't include the "Jubraka" (household plot) production.

The latter (not accounted for in the models), is devoted mainly to house-

hold consumption early in the season (August-October).
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4. Non-Negativity Constraints

This set of LP constraints requires that no activity be operated at

a negative level.

Experimegts and Changes Made in the Basic LP Model

The basic model described above was modified in order to carry out

the planting time and credit experiments, and to represent the NMAPC

farming system.

NMAPC Models

Only cotton and dura crops are grown in the NMAPC schemes. Both the

time distribution of the agricultural operations and the input-output

coefficients are different in the NMAPC model. Chapter III compares the

NMAPC and traditional smallholder farming systems. Further description

of NMAPC farming system is given in Chapter VI.

Changes made in the basic model in order to represent NMAPC farming

conditions are as follows.

a) Land Size and Crop Composition

Both the tenancy land size and crop composition are determined by

NMAPC. The initial "status-quo" model has a size of six feddans, divided

equally between cotton and dura. The contemplated "full-phase“ model has

a size of fifteen feddans, to be grown with cotton and dura (five feddans

each), and five feddans to be left fallow in the rotation.

b) Mechanized Cultivation

Two mechanica1 plowing activities are added. 0n NMAPC farms, simul-

taneous with the second plowing operation, dura planting is done mechani-

cally through a mounted box (seeder) in the tractor. Therefore the dura



planting coefficient is zero. The cost of these operations in practice

is subtracted from the farmer's cotton returns at the end of the season.1

These costs are Ls 1.0 and Ls 0.6 for the first and second plowing, re-

spectively. In the LP models these charges are costed to the objective

function and to the DC of March.

c) Agricultural Operations Calendar

Only one calendar of operations is represented in the NMAPC models,

since the delaying of the mechanical plowing (under the control of NMAPC)

results in a late and similar activity calendar for all participants. In

the NMAPC models.operations are assumed to take place as shown in Table

4.15.

Table 4.15 Agricultural Operations Calendar in the NMAPC LP Models

 

Activity Time For:
 

 

Activity Cbtton Dura

PLNT August August

WEED I August August

WEED II September September

HVST I January December

HVST IIa May January

 

aFor cotton this refers to cotton stalk-uprooting and disposal

("AL-awdi").

 

1If a farmer is not growing cotton, he is supposed to pay these costs

in cash at the end of the season (around March).
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d) Input-Output Coefficients

The labor and yield coefficients for the NMAPC model are also dif-

ferent from those of the traditional model. Based on estimates from the

1979/80 survey data, the weeding, harvest, and yield coefficients of the

NMAPC model are given in Table 4.16.

Table 4.16 Labor and Yield Coefficients in the NMAPC LP Models

 

 

Item , Cotton Dura

Labora

WEED 1 4.45 4.87

WEED II 2.40 2.66

HVST I 13.30 4.29

HVST II 7.04 2.19

Yie1db 2.23 3.58

 

aAs before,labor units are 7 hour man-days.

bCotton yield in small kantars (100 1b); dura yields in sacks (90

kg).

Credit Experiments
 

Capital borrowing and repayment activities are added to both tradi-

tional and NMAPC models in experiments to evaluate the potential contri-

bution of credit. As described in Chapter III, only non-forma1 credit

sources are available to smallholders in the area at present. However,

NMAPC contemplates extending credit to its tenants in the future.
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Table 4.17 shows the borrowing activities together with the original

capital transfer activities. The unit of borrowing, transfer, and repay-

ment activities is one Ls. Coefficients are a series of negative ones

(-1) to indicate addition to the corresponding month1y 0C resources.

A series of positive (1.07) coefficients ensures the repayment of princi-

pal plus seven percent per year. Objective function coefficients of the

borrowing activities (-.07) represent an annual interest rate of seven

percent.1 The figure was chosen because it is the official interest rate

charged by the Agricultural Bank of Sudan for short term loans. It will

be discussed later in the context of interpretation of model results.

Planting Time Experiments
 

These experiments are designed to shed light on the effect of three

different p1anting times. Each of the three time- of planting sequences

has different yield coefficients. Therefore a third calendar of opera-

tions was added, and coefficients of weeding, harvest and transport were

adjusted proportionally.2 Resource availabilities are disaggregated in

half month1y periods for selected months (July through December) for the

purpose of these experiments.

A summary of the changes in model design made for these experiments

is given before the results analysis in the next chapter. The basis of

the experiment's assumptions and the full account of experimental data

used.are given in Appendix II.

 

1Actually the use of the same objective function coefficient (-.07)

for all borrowing activities slightly over estimates the cost of borrows

ing for the later borrowing activities. However, given the small interest

rate used, resulting discrepancies are insignificant.

2For dura only one timely weeding is required in these experiments

(see discussion in Appendix II).
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CHAPTER V

TRADITIONAL SMALLHOLDER PRODUCTION:

A LINEAR PROGRAMMING ANALYSIS

The previous chapter described the production models and their LP

structure. This chapter utilizes the linear programming models to ana-

lyze smallholder production.1 Information drawn from the LP solution

includes the value of the objective function, the optimal enterprise

combination, levels of resource use and their respective marginal pro-

ductivities (MVP's), the nonoptimal activities with the cost of

forcing each of them into the optimal solution,and the stability limits

of the optimal plan. The analysis here focuses on the optimal cropping

pattern and the associated resource use and productivities. Resulting

changes in farm income are also discussed.

The organization of the analysis and discussion in this chapter

generally follows the order of objectives stated in the first chapter.

In the first part the base models of the three traditional production

categories are discussed, together with results from hypothesized changes

in rainfall variability. The second and third parts investigate resource

use and productivities under credit-aided resource expansion and planting

 

1The LP program used was the AG ECOH LINEAR PROGRAMMING PACKAGE Ver.

2.20 (Stephen B. Harsh and J. Roy Black, l975)_28].
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time experiments. The fourth part discusses cotton production problems

in traditional agriculture, and presents results of the cotton price

variation experiment. Within the above analysis, re1evant policy issues

are discussed. A brief summary of the results is given in the last part

of this chapter.

Basic Splgtions and Optimal Production Plans

for the Traditional Smallholder Categories

The validity of optimal solutions derived from LP models is in

general limited by the degree of accuracy and representativeness of

the model's assumptions and coefficients. This, in addition to the nor-

mative nature of the LP analysis in general, suggests a need for caution

in using these optimal solutions for interpretation and inferences re-

garding the farmer's behavior.

The optimal solutions and production plans of the three traditional

smallholder farm size categories are given in Table 5.1.

Cropping Patterns
 

Despite the tendancy of LP to generate highly specialized enterprise

plans, the results obtained in this case are fairly comparable to the

observed cropping patterns of smallholders in the region.1 This is due

to the dominance of dura and dura-seSame combinations in the cropping

pattern. The dura consumption constraint might be expected to explain

the large share of dura feddanage in the plans, but in fact this is mostly

due to the relative probability of the crop since in all three farm size

 

1Comparisons with the observed situations are made with Table 4.1

(Chapter IV) for cropping pattern, and with Table 3.12 (Chapter III) for

the time distribution of the cropping pattern.
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Table 5.1 Basic Optimal Production Plans for the Three Categories of

Traditional Smallholders

 

Category Category Category

 

 

 

 

 

I II III

(0.1-5.0 (5.1-9.9 (10.0-

Item Unit ' fed.) fed.) 25.9 fed,)p

Crapping Pattern:

Early Dura (0R1) Feddan 3.94 5.91 12.05

Early Sesame (5M1) Feddan -- 0.69 2.67

Late Dura (0R2) Feddan -- 2.32 6.29

Late Sesame (5M2) Feddan 0.49 0.25 2.42

Resource Use:

Total Land Feddan 4.42 8.85 23.88

Family Labor Man-Day 110.03 178.93 275.81

Hired Labor Man-Day 11.51 56.50 403.88

Nafir Labor Man-Day 6.66 21.50 14.90

Total Labor Man-Day 128.20 256.92 694.59

Total Operating Capital Ls 28.61 83.36 374.46

Objective Function Value: Ls 55.19 124.55 269.75

Total Gross Margina Ls 107.99 190.55 348.95

Average Productivities:b

Per Feddan Ls 7.35 6.60 6.20

Per Man-Day Ls 0.84 0.73 0.49

 

Source: Computed

aIncludes the value of dura retained for household consumption.

bSee the text for assumptions and procedures for calculating these

averages.
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categories dura feddanage is well above the levels required to satisfy

household dura consumption. The relative share of sesame in the optimal

cropping patterns for the three categories is less than in the observed

situation by 27 percent for category I, 10 percent for category II, and

only 5 percent for category III. However, for both observed and com-

puted optimal cropping patterns of the three categories, the absolute

size of sesame represents sma11 feddanage (especially for category I and

II). This situation, despite the seeming relative profitability of the

crop,1 is mainly attributed to the labor intensive and time exacting de-

mands incurred at sesame harvest.

Groundnuts does not appear in the optimal solution for any of the

categories. In the observed situation farmers may devote a small area

to the crop. Relatively 1arge groundnut areas are observed only in the

northern regions (Northern Abassya and Dilling) where there'are suit-

able loamy soils.'

Cotton does not enter any of the three optimal plans. This agrees

with the empirical observation that cotton is almost disappearing from

traditional farms. As the issue is of great importance to the government,

the fourth part of this chapter will analyze government cotton price

policy in a parametric price programming experiment.

An important feature that is displayed by the solutions is the time

distribution of the cropping patterns. Both early and late schedules of

cropping were observed in the 1979/80 survey, but the major portion of

cropping (80 percent and 88 percent for dura and sesame, respectively) is

 

1For a picture of the relative profitability of the four crops con-

sidered, see Table 4.4
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done in the early schedule. In the LP optimal p1ans, however, 100 per-

cent.. 72 percent, and 66 percent of dura (for the three categories,

respectively) is in the early schedule; and for category II and III,

which grew sesame, 72 percent and 52 percent, respectively, is done in

the early schedule. In practice, adoption of both early and late crop-

ping schedules by the smallholders in the area results from the need to

smooth out the stringent labor bottlenecks, especially those developing

early in the season. As discussed earlier in Chapter III, this practice

is aided by the use of different time maturing varieties. The issue of

cropping schedule time is further analyzed in an experiment presented in

the third part of this chapter.

Resource Use

Levels of resource use for the three production categories are shown

in Table 5.1. Total land use is 4.42, 8.85 and 23.88 feddans for the

three categories, respectively. These figures represent 88 percent, 89

percent, and 92 percent of the total allowable land in these models, re-

spectively. Total labor used in each category is exactly proportional

to cropped land sizes, amounting to 29 man-days per feddan. Fami1y 1abor

use in the three categories is 110, 179 and 276 man-days, respectively.

Nafir labor use is highest in category II, but in all three categories

its relative share in the total labor input is very small. Hired labor

increases more than proportionally when moving from the smallest to the

largest category. Its relative share in the total labor input is 9 per-

cent for category I, 22 percent for category II, and 58 percent for cate-

gory III. This is essentially because of differences in availabilities

of operating Capital (0C) for the three categories. The amounts
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available in the models were Ls 6.93, Ls 27.83, and Ls 152.7, respec-

tively. However, the actual amounts used in the optimal p1ans (shown

in Table 5.1) are higher. This situation is allowed for in the models

through supply of additional DC from cr0p sa1es later in the season, for

example sales of sesame, which occur as early as November.

Returns and Average Productivities

Monetary returns from the optimal plans are Ls 55.18, Ls 124.55, and

Ls 269.75. Total gross margin figures, which include the value of dura

produced but retained for household consumption, are Ls 107.99, Ls 109.55,

and Ls 348.95. Such low returns are typical of the smallholder farming

in the area and they have a number of important implications which will

be discussed later. These low returns are the product of low producti-

vities of both land and labor, resulting from low crop yields. Average

productivities for land and labor are given in Table 5.1. Drawing on

Parhusip [53, pp. 88-89], the following procedures and assumptions were

adopted in computing these averages:

1. The market value of dura retained for household consumption

(8, 10, and 12 sacks for the three categories, respectively) is

added to the corresponding objective function value to obtain

total gross margin (TGM), or total value product (TVP) less the

variable costs (VC). This procedure reflects the total returns

to both land and labor.

2. In computing the average returns to land and labor, an interest

rate of 7 percent per year is charged on initial amounts of

operating capita1 (DC) in the models. Although the intent is

to account for the opportunity cost of capital used in the
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production process, the 7 percent rate used probably under-

estimates the real cost or productivity of 0C, especially when

1 However. no reliable esti-inflation is taken into account.

mate of the real rate is available, and the use of any other

figure is esentially an arbitrary one.2 This particular figure

is chosen because it is the official rate charged by the Agri-

cultural Bank of Sudan for short-term (up to 14 months) loans.

3. To compute the average returns to land, not only capital costs

but also all labor costs must be accounted for. It is assumed

that the prevailing wage rates of hired labor (HL) in the area

reflect the opportunity cost of labor provided by the three types

of labor(family, hired, and nafir)represented in the models.

Hence, total labor used in the optimal plans (provided by the

three types of labor) is costed at the prevailing wage rates of

HL. This procedure amounts to costing family labor (FL). which

3
is notcosted in the LP model, at the corresponding HL wage rates,

 

1No official statistic for inflation in the Sudan is available; how-

ever, it is believed to be running well above 50 percent for the past few

years.

2An idea about the productivity of capital within the smallholder

farming in the area. can be had from the model results (discussed later

with the credit experiment) on shadow prices of capital in the different

periods.

3 This is not because, as some have argued (see discussion of the

issue in Eicher and Witt [20]). of zero marginal productivity, but be-

cause family labor is viewed here to be rewarded by net returns from

crop sales and by the dura consumption portion retained from production.
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and adjusting the nafir labor (NL) fixed charge of Ls 0.33 to

the corresponding HL wage rates.1

4. In computing average returns to labor, no cost is assumed for

land and other fixed assets. This judgment derives from the

abundance of land in the region at the present, and from the

small level and value of fixed assets (main1y hand tools) uti-

lized in smallholder farming in the area.

5. With the above four points in mind, the average productivities

shown in Table 5.1 are calculated according to the following

formula:

Average Productivity per Feddan = [TGM - (FL costed at HL rates

+ ML cost adjusted to the ML

rates) - (00 x .07)] 4 No.

of feddans cropped

Average Productivity per Man-Day = [TGM - (0C x .07)] 4 Total

Labor (in man-days)

Computed average productivities for both land and labor (see Table

0

5.1) are very low by comparison to returns under irrigated farming.“

This situation is a result of the low physical crop yields obtainable

under the environment of the region, and the seasonal constraints which

limit expansion of cropped area. This latter factor is of particular im-

portance and will be discussed in the subsequent analysis. A number of

 

1As explained earlier (see part two in Chapter IV) nafir (exchange)

1abor (NL) is paid only in-kind (food and drinks), and the value of these

expenses was estimated as Ls 0.33 per man-day; this rate. is then applied

uniformly to objective function coefficients of ML activities.

2For example, Zaki [61] estimated the mean net returns to house-

hold labor per feddan in the Rahad Irrigation Project (Eastern Sudan) from

the rotation crops as follows: cotton = Ls 74.69; groundnuts = Ls 31.70;

leguminous fodder = Ls 22.52.
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important implications arise from the situation of low productivity and

returns of smallholders' farming in the area.

First, under such circumstances, alternative sources of income for

the smallholder are a necessity to meet household consumption obligations.I

One such important source of income to smallholders in the area is off-

farm employment. Off-farm work, as described in Chapter III. is concen-

trated in the off-season period and is markedly influenced by the general

savanna climate of the area. An estimate of the share of off-farm earn-

ings relative to the total household income is available from the FAO

survey data. For the three categories the percentages are as follows:

2 The larger share37 percent, 23 percent, and 33 percent, respectively.

(in absolute value) for individuals in category III reflects their rela-

tively better position in off-farm occupations (shopkeeping and trade),

as pointed out earlier. Another source of income to smallholders is

livestock sales. Smallholder investment in livestock constitutes one

strategy against risks and low returns from cropping activities.3 This

source of income is tapped especially in "bad" cropping years. One

final alternative source that smallholders in the area often resort to.

 

1The average consumption expenditure levels for the three categories

are given in Table 4.2 (Chapter IV).

21h absolute value the respective amounts for the three categories

are Ls 46.82, Ls 43.8, and Ls 105.69.

3Almost all smallholders interviewed in the researcher's survey

(1979/80) gave this as the primary reason for investing in and keeping '
animals (espec1ally cattle and goats).
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mostly during the growing season, is borrowing from local money lenders

(under the "sheil" system) in the form of both cash and goods [8, 38].

Second, the present low productivity and returns of the smallholder

farming clearly indicates the need for improved production technology.

It is for this reason that the NMAPC modernization program has been in-

troduced. The record of the NMAPC is discussed in the next chapter.

However, in this chapter, two experiments (given in the second and third

parts, respectively) are directed towards investigating possibilities of

increasing smallholder productivity and returns.

Seasonal Constraints and Marginal Productivities
 

The previous section has emphasized the low productivity and returns

of smallholder farming. It was pointed out that in general this situation

is attributable to the low physical crop yields obtainable under the en-

vironment of the region. It was also argued that seasonal 1abor con-

straints limit the extent of what could be a somewhat compensating effect

through either increasing the size of cropped area, or achieving per

feddan increases in yield through better (labor intensive) management

levels.

Table 5.2 gives the marginal productivities of the resources used in

the optimal production plans for the three categories. There are two

noteworthy points that should be observed in the interpretation of these

MVP's:
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Table 5.2 Shadow Prices for the Limiting Resources: Basic Production

Plans of Traditional Smallholders

 

Shadow Prices (in L517

Category Category Category

I

 

 
 

II III

(0.1-5.0 (5.1-9.9 (10.0-

Resource Unit' fed.) ' fed.) '25.9 fag.)

Family Labor

Jan. Man-Day -- -- 0.457

Apr. Man-Day -- -- 0.560

May Man-Day -- -- 0.670

Jun. Man-Day -- 0.637 0.967

Jul. Man-Day 2.390 1.476 1.046

Aug. Man-Day 0:744 1.001 1.134

Oct. Man-Day -- -- 0.449

Nov. Man-Day 0.680 0.729 0.762

Dec. Man-Day -- 0.975 1.019

Nafir Labor

Jan. Man-Day -- -- 0.127

Apr. Man-Day -- -- 0.230

May Man-Day -- -- 0.340

Jun. Man-Day -- -- 0.331

Jul. Man-Day 1.076 0.664 0.471

Aug. Man-Day -- 0.189 0.558

Nov. Man-Day .350 0.375 0.392

Dec. Man-Day -- 0.621 0.649

Operating Capital

Jun. Ls 2.964 1.459 0.744

Jul. Ls 2.964 1.459 0.744

Aug. Ls 2.964 1.459 0.744

Sep. Ls 0.0001 0.071 0.744

Oct. Ls 0.0001 0.071 0.744

Nov. Ls 0.0001 0.071 0.120

Dec. Ls 0.0001 0.071 0.120

Jan. Ls 0.0001 0.0001 0.0001

Feb. Ls 0.0001 0.0001 0.0001

Mar. Ls 0.0001 0.0001 0.0001

May Ls 0.0001 0.0001 0.0001

 

Source: Computed
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According to economic theory, MVP is defined as the total value

product (TVP) obtained from the use of an additional (marginal)

unit of the input in question, other inputs held constant.1

However, in LP with the linear and fixed proportion production

function, inputs are not held constant but rather they are in-

creased in a fixed proportional manner in order to obtain an

additional unit of output.2 Nonetheless, within the context of

LP, shadow prices (MVP's) are useful in making inferences about

resource productivities. For the farm situation at hand, these

MVP's indicate the increase in the objective function va1ue

(farm income) that would obtain if a particular resource is ex-

panded by one unit. Hence, they reflect the maximum price a

farmer would be willing to pay to augment a given resource.

According to this evaluation, an MVP equal to zero means that

the given resource is not constraining, while a positive MVP

indicates scarcity of the-resource. The higher the MVP, the

 

1Mathematically this is represented by differentiating the TVP func-

tion, in order to obtain the partial derivative with respect to the input

in question:

TVP = f(x], x2 ... xnlxn+1 ... xm)

MVP“. =§fl3= fxi; i =1, 2, n

x‘ f = TVP function

f . = partial derivative with respect to input

X1 (xi); and i = 1, 2 ... n, is the set of

variable inputs.

2
For the LP technology. which represents a fixed proportion produc-

tion function, MVP's are defined only at corner points (proportionate in-

puts combination) and zero elsewhere.
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more scarce and hence the more valuable/productive the given

resource is. This is the rule for augmenting a resource and

expanding output in the LP context. The valuation of MVP in

the LP context is unique within a specific range of resource

levels in the model. Usually when a given resource is increased,

another resource becomes limiting, and consequently the reSUlt-

ing MVP's of all resources change.

2. The yields and returns used here correspond to rainfall condi-

tions and levels for the 1979/80 season. Different conditions

and rainfall levels would result in different yields and hence,

different MVP's for the resources.

Table 5.2 shows the MVP's of the resources used in the optimal pro-

duction plans. The basic limiting resources in the smallholder produc-

tion are the labor resources. 00 resources are also limiting, which

leads to an indirect labor constraint since labor is the basic resource

0C is expended on. Land is not limiting.

Family labor is limiting mainly in two periods: June through August,

and November through December. As one might expect from previous dis-

cussions, these correspond to the most labor intensive periods in the

grown season. The first period, early in the season, is when weeding

takes place. The second period, late in the season, comprises harvest

and crop disposal. Across all three categories, these two periods are

the main constraining periods. For the largest category III, family

labor is also constraining in a third period (April-May). which is the
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preseason period of land preparation. This is because of the relatively

large cropped area for this category.

The MVP's corresponding to the two periods just discussed are posi-

tive, and high in comparison with the respective monthly hired labor

wage rates, in all three categories. This indicates that expansion of

the labor resource during these periods would be profitable. In fact,

in these basic optimal plans, nafir and hired labor use occured mainly

during these two periods. For category I, HL man-days were divided

approximately equally between July (first period) and November (second

, period). In category II, HL man-days were allocated 61 percent in July

and 39 percent in November and December. For category III, where HL came

in months other than those of the two periods, 86 percent of HL sti11

occurred in these two periods, with 50 percent in July and August and

the remaining 36 percent in November and December. As noted, nafir labor

provision is largely limited to the two peak periods. The MVP's were ex-

pectedly high in July (first period) and November/December (second

period).

The OC MVP's are positive and extremely high for all three categories

in the early months of the season (June through September), and then they

drop abruptly to almost zero. The reason for this is the scarcity of

cash required to pay for labor in the first period, whose MVP's indicate

its profitability as discussed above. Low MVP's of DC in the second

period, however, probably occur because no direct returns can be

achieved by using 0C later in the model year. The other likely reason is

that later in the season the OC inventory is replenished through sales of

the sesame crop (which was in the solution of all categories) which occurs
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as early as November. This effect has an important implication for

credit needs and is discussed later in the credit-aided resource expan-

sion experiment.

The labor MVP's examined in this section suggest that technologies

that are oriented towards breaking 1abor constraints in the two Peak

periods might be the most rewarding for smallholders. The use of chemi-

cal weeding and the use of stationary or combine grain harvesting would

tend to relieve the first and second 1abor constraints. Needless to

say, the development and adoption of such technologies depends on their

technical and economic feasibility. At present the work by Hamdoun [26]

on chemical herbicides indicates some potential if the current problems

related to chemical use areovercomea.1

With family and nafir labor being fixed through the set of insti-

tutiona1 factors discussed before, expansion of the labor resource would

depend on expanding the use of hired labor. The extent and benefits of

such an approach are examined through a credit-aided resource expansion

experiment in the next part of this chapter.

Rainfall-Induced Yie1d Variability

In this section we investigate the situation of smallholder's re-

turns under conditions of "bad" rainfall years. In the area, extremely

drastic rainfall years are rare [38]. Consequently, incidences of

 

1At the research level the basic problem observed is that of plant

toxicity, its long residual effects under rainfed conditions, and the

human hazards it poses (for details see Hamdoun [26]). At the field

level expected problems are those of management and application [25].

Water shortage at field sites in the area is an example of potential

problems that need to beovercome to make such a technique practical.
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complete crop failure due to rainfall are few, and probably obtain only

coupled with poor or no crop management. Nonetheless, it is instructive

to investigage less than favorable rainfall years as the major factor in

depressed cropped yields. This is done here through simple sensitivity

analysis around the yield coefficients in the models. Twenty-five per-

cent and 50 percent reductions in yield levels are assumed for situation

A, and situation 8, respectively.1 The optimal production plans for

situation A and B are given in Tables 5.3 and 5.4, respectively.

Situation A: ‘

a) Cropping Pattern

Dura feddanage showed little change, with most being grown in the

early schedule as before. The sesame share increased almost by 50 per-

cent for category I, while slightly dropping for both category II and

III. Interestingly.cotton entered the solution of category III; however,

only 6 percent of the cropped land is devoted to cotton, grown in the

late schedule.

b) Resource Use

Total cropped area went up slightly for all three categories, which

was made possible through the reduction of required harvest labor of

crops. In terms of labor composition, the share of NL remained approxi-

mately the same, while that of HL dropped in all three categories. FL

dropped slightly for category I and II, and increased slightly for cate-

gory III. In all three categories OC dropped reflecting reductions of

HL use.

 

1In both cases, harvest and transport coefficients of the production

activities in the models was adjusted downwards by the same proportions.



140

Table 5.3 Optimal Production Plans for the Three Categories of Tradi-

tiona1 Smallholders: Under Twenty-Five Percent Yield Reduction

 

Category Category Category

 

 

 

I II III

(0.1-5.0 (5.1-9.9 (10.0-

Item Unit fed.) fed.) '25.9 fed.)

Crppping Pattern:

Early Dura (0R1) Feddan 3.64 6.12 10.74

Early Sesame (SM1) Feddan -- 0.35 3.56

Late Dura (0R2) Feddan -- 2.33 8.37

Late Sesame (5M2) Feddan 0.93 0.17 0.42

Late Cotton (0N2) Feddan -- -- 1.45

Resource Use:

Total Land Feddan 4.57 8.96 24.54

Family Labor Man-Day 106.81 173.72 307.61

Hired Labor Man-Day 3.97 39.88 280.16

Nafir Labor Man-Day 9.41 21.50 13.60

Total Labor Man-Day 120.19 235.10 601.37

Total Operating Capital Ls 19.54 71.19 324.63

Returns:

Objective Function Value Ls 26.91 72.80 138.34

Total Gross Margin3 Ls 79.61 138.80 ‘ 217.54

 

Source: Computed

aIncludes the value of dura retained for household consumption.
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Table 5.4 Optimal Production Plans for the Three Categories of Tradi-

tional Smallholders: Under Fifty Percent Yield Reduction

 

Category Category Category

 

 

 

I II III

(0.1-5.0 (5.1-9.9 (10.0-

Item Unit fed.) ‘ fed.)' 25.9 fed.)

Cropping,Pattern:

Early Dura (0R1) Feddan 3.72 6.37 6.37

Early Sesame (5M1) Feddan -- -- --

Late Dura (0R2) Feddan -- 2.26 5.12

Late Sesame (5M2) Feddan 0.90 0.41 1.48

Resource Use:

Total Land Feddan 4.62 9.30 13.19

Family Labor Man-Day 98.54 170.46 273.21

Hired Labor Man-Day 3.93 34.05 58.92

Nafir Labor Man-Day 6.66 8.37 11.03

Total Labor Man-Day 109.13 212.88 343.16

Total Operating Capital Ls 23.93 63.11 95.38

Returns:

Objective Function Value Ls -10.82 12.30 25.66

Total Gross Margina Ls 35.48 78.30 (104.86

 

Source: Computed

aIncludes the value of dura retained for household consumption; in

Category I the value of 0.98 dura sack bought is not included.
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c) Monetary Returns

Witha.25 percent reduction in.yield levels, the objective function

values were 51 percent, 41 percent and 49 percent lower for the three

categories respectively, indicating the sensitivity of returns to reduced

rainfall and hence reduced crop yields.

Situation B:

a) Cropping Pattern

The share of dura in the crop mixture remained approximately the

same for categories I and II, while dropping substantially for category

III. The latter was caused mainly by the overall reduction in cropped

1and size for category III. The sesame area dropped in all three cate-

gories, especially so in category III.

b) Resource Use

While total cropped land went slightly up for categories I and II,

it dropped significantly (by 45 percent) for category III. For the

first two categories the increase could be explained as one way of com-

pensating for the severely depressed crop yields. However, with yields

reduced by half, the profitability of HL in category III is substantially

reduced. Since HL normally makes up 60 percent of the total labor force

in this category, there results a large reduction in cropped area. FL

and NL remained at approximately the same levels for the three categories.

The HL share is reduced greatly in all three, being highest (85 percent)

for category III.

c) Monetary Returns

The same trend is observed as in situation A. With a 50 percent re-

duction in yield levels, objective function values were reduced by 120
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percent (with a negative objective function value),1 91 percent, and 90

percent for categories I, II and III, respectively.

The results of modelling situations A and 8 reveal the sensitivity

of smallholder returns to physical crop yields. A given drop in yields

leads to a proportionally greater drop in returns.

Credit and Land Expansion Experiment: Traditional Model

The primary objective of this experiment is to examine the effects

on crop mixture, returns and seasonal 1abor use of an expansion of land

availability and provision of credit. The main component of this experi-

ment is introduction of capital borrowing activities (with 7 percent

annual interest rate)2. Land availability is also increased by 50 per-

cent for each of the three production categories. The optimal plans re-

sulting from this experiment are given in Table 5.5.

CroppinggPattern

The dura crop is still dominant, being grown in both early and late

schedules. For category III the majority of dura is in the early sche-

dule. By comparison to the basic model results, the area under sesame

increases substantially for categories I and II to 2.67 feddans; while

the category III sesame area dropped to almost half, from 5.09 to 2.67

 

1With the dura production in category I less than the specified con-

sumption level (8 sacks), the difference (0.98 sack) had to be bought,

resulting in the negative objective function value.

gThe reason for using this particular rate, as discussed before, is

that it represents the official rate charged by the Agricultural Bank of

Sudan for short-term (up to 14 months) loans.
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Table 5.5 Optimal Production Plans for the Credit and Land Expansion

 

 

 

 

Experiment: Traditional Modela

Category Category Category

I II III

(0.1-5.0 (5.1-9.9 (10.0-

Item Uhit fed.) fgg.) 25.9 feg.)'

Cropping,Pattern:

Early Dura (0R1) Feddan 2.53 5.81 29.81'

Early Sesame (5M1) Feddan 2.67 2.67 . 2.67

Late Dura (0R2) Feddan 2.30 6.37 6.37

Late Sesame (5M2) Feddan -- -- --

Resource Use:

Total Land Feddan 7.50 14.85 38.85

Family Labor Man-Day 151.13 218.00 266.00

Hired Labor Man-Day 54.61 182.33 844.47

Nafir Labor Man-Day 13.32 31.20 14.90

Total Labor Man-Day 219.06 431.53 1125.37

Total Operating Capital: Ls 70.29 700.56 756.07

Initial Capital Ls 6.93 27.83 152.70

Crop Sales Ls 30.36 108.43 256.45

Borrowed Capital Ls 30.85 60.10 324.23

Interest Paid Ls 2.16 4.21 22.70

Returns:

Objective Function Value Ls 97.81 186.22 374.67

TotalGross Marginb ‘ Ls 150.61 252.22 ‘453.86 ‘

 

Source: Computed

aIntroduction of capital borrowing activities, with the availability

of land increased by 50 percent in the three categories.

b
Includes the value of dura retained for household consumption.
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feddans. All three categories therefore grow 2.67 feddans of sesame.

The explanation for this as suggested by the changes in resource use

levels (discussed below), is that the resulting increase in family labor

use in categories I and II helped in raising their sesame feddanage, and

that the decrease in family 1abor use which occurred in category III had

the reverse effect. The particular figure of 2.67 suggests a limit for

the optimum area of sesame grown by family labor under conditions of

unrestricted availability of hired labor.

Resource Use

With the supply of land increased by 50 percent, the respective

cropped areas for the three categories were 7.5, 14.85 and 38.85 feddans.

This is made possible by more hiring of labor. The hired labor share in

the total labor force increased substantially in all three categories,

being 25 percent, 42 percent, and 75 percent, respectively. The increase

in land and hired 1abor also made it possible to utilize more of the exist-

ing family labor. For categories I and II, FL man-days in this plan com-

pared to the original plan increased 37 percent and 21 percent, respective-

ly. For category III, where there is substantial HL, FL man-days dropped

by 4 percent.

Borrowed capita1 amounts were Ls 30.85, Ls 60.10 and Ls 324.23

for the three categories, respectively. These amounts represent those

needed just for production purposes, and hence could be regarded as the

lower limits for any meaningful credit expansion, since smallholders

also borrow for consumption purposes. Capital borrowing occurred ear1y



146

in the season (June) to cover 0C needs of the first period (June-October).

The second period 00 needs are mostly for harvest and transport expen-

ditures, and these were met in the model through crop sales (especially

of sesame which occurs as early as November). Smallholders in the area

, generally borrow through the "sheil" system mainly in the first period

when (as a HTS study notes) interest rates on borrowing are very high:

Sheil credit, usua11y advanced in-kind, is characterized

by very high interest rates which reach their maximum

(up to 300 percent per annum) in mid-August and start to

decline once the harvest season commences in mid to late

September [38, p. 108].

Effects on Seasonal Constraints

Table 5.6 gives the MVP's-of the resources used in the optimal plans

in this experiment. With all of the land being exhausted, its MVP is

Ls 11.35, Ls 7.38, and Ls 6.80 for categories I and II, and III, respec-

tively. The differences by category are due to the fact that if an

additional feddan is brought into production it can be worked with a

higher share of family labor in category I, and to a lesser extent in

category II, than in category III, where fami1y labor resource is already

fully utilized.“ ' Reliance must therefore be mainly on the relatively

costly hired labor.

The two labor constraint periods observed in the basic plan are

also noticeable in this plan: July-August (first period) and November-

December (second period). The difference in this case, however, is that

through hiring of labor the value of the MVP's is much lower than in the

basic model. With the labor MVP‘s in this plan being equal to or less

than the corresponding HL wage rates (except for July and August MVP‘s,



Table 5.6 Shadow Prices for the Limiting Resources:

147

Expansion Experiment, Traditional Model

Credit and Land

 

_§hadow Prices (in LS)

 

 

Category Category Category

I II III

(0.1-5.0 (5.1-9.9 (10.0-

ResourCe Unit fed.) fed.) 25.9 fed.)

Land Feddan 11.35 7.38 6.80

Family Labor

Jan. Man-Day -- 0.87 0.87

Apr. Man-Day -- 0.56 0.56

May Man-Day -- 0.05 0.11

Jun. Man-Day -- 0.56 0.55

Jul. Man-Day 0.64 0.64 0.64

Aug. Man-Day 0.69 0.70 0.69

Oct. Man-Day 0.01 0.13 0.40

Nov. Man-Day 0.61 0.68 0.73

Dec. Man-Day 0.91 0.91 0.97

Nafir Labor

Jan. Man-Day -- 0.54 0.54

Apr. Man-Day -- 0.23 0.23

Jun. Man-Day -- 0.20 0.20

Jul. Man-Day 0.29 0.28 0.28

Aug. Man-Day 0.34 0.34 0.34

Oct. Man-Day -- -- 0.04

Nov. Man—Day 0.28 0.35 0.37

Dec. Man-Day 0.58 0.58 0.62

Operating Capital

Jun. Ls 0.07 0.07 0.07

Jul. Ls 0.07 0.07 0.07

Aug. Ls 0.07 0.07 0.07

Sep. Ls 0.0001 0.07 0.07

Oct. Ls 0.0001 0.0001 0.07

Nov. Ls 0.0001 0.0001 0.07

Dec. Ls 0.0001 0.0001 0.0001

Jan. Ls 0.0001 0.0001 0.0001

Feb. Ls 0.0001 0.0001 0.0001

Mar. Ls 0.0001 0.0001 0.0001

Apr. Ls 0.0001 0.0001 0.0001

May Ls 0.0001 0.0001 0.0001

Source: Computed
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which are marginally higher than their corresponding wage rates),HL use

and profitability to further augment 1abor resources in these periods is

greatly diminished.

Returns with Credit ‘

In this credit experiment, the resulting returns (total gross mar-

gins) were Ls 150.61, Ls 252.22, and Ls 453.86, for the three categories

respectively. These levels represent substantial increases from the base

plans of 77 percent, 50 percent, and 39 percent for categories I, II and

III, respectively. Increases were highest in category I and II, where

labor and capital are most limited in the basic model. It is noteworthy

that in these two categories (I and II), the increase of land and hired '

1abor availability made it possible to use more of the existing family

1abor resource (by 37 percent and 21 percent for the two categories, re-

spectively), as compared to the base plan.

Smallholders' Credit Situation and Possibilities

The analysis in this part has shown that credit use can increase

the low farming returns of smallholders in the area. Although the in-

terest rate charged for borrowed capital in this experiment was 7 per-

cent (to represent the official rate of the Agricultural Bank of Sudan

for short-term loans), it is worth noting that the MVP's from the base

optimal solution (Table 5.2) indicate the profitability of borrowed

capital, within the smallholder system, at extremely high rates: 296

percent, 145 percent, and 74 percent for categories I, II and III, re-

spectively. It is further evident that the profitability of borrowed

capital is highest in category I and II, where 00 is most limited, and
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hence credit use is most rewarding. Another important result revealed

in the analysis is that credit is mainly needed in the first period

(June-October), when smallholders in this period require not only produc-

tion credit but also consumption credit to see them through harvest.

The second period OC requirements could be financed, as farmers normally

do, through initial crop sales. In this context, the inclusion of sesame

in the cropping plan (with its crop sa1es occurring as early as November)

is particularly important and useful.

Smallholders at present have no access to formal credit and many of

them resort to traditional money lenders under the prevalent "sheil"

system in the area [8, 38]. Although the establishment of the Agricu1-

tural Bank of Sudan (ABS) in 1957 was intended to provide formal credit

to smallholders, and despite the fact that the by-laws of the ABS state

that "preference for loans should be given to small and medium sized

farmers and to cooperatives" [8, p. 107], the ABS historical record was

disappointing to smallholders. Instead, the majority of ABS investments

and activities were directed towards financing large private cotton

schemes in the White Nile and Blue Nile provinces, and later towards

private 1arge-sca1e mechanized rainfed schemes.1 The need by the ABS

for tangible security requirements was identified by Stickley and

Abdallah [58] as the main reason limiting the participation of small

farmers.

 

l
A concise review of ABS history and investment activities ' i

in Ahmed [8, pp. 76-86].
15 g ven
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In the Nuba Mountains area, the Di11ing Branch of the ABS was es-

tablished in 1970. The activities of the billing Branch were concen-

trated in offering short and medium term loans to private large scale

farmers in the mechanized areas of Habela and its extensions.1 Before

1977 no attempts were made by the Di11ing Branch to extend credit to

smallholders in the area. Ahmed indicated that "the high cost incurred

in providing finance to small undefined areas was the main reason that

discouraged lending" [8, p. 113].

In 1977, however, the Di11ing Branch of ABS introduced what was con-

sidered by Ahmed, in his study of "Lender Behavior and the Recent Perfor-

mance of Rural Financial Markets the Sudan," as "the first serious attempt

in the Sudan to provide institutiona1 credit to typical small farmers"

[8, pp. 113-114]. In this attempt, credit was extended to traditional

smallholders through their cooperative societies, where intensive

credit supervision was used to replace collateral requirements.2 The

first trial conducted in the 1977/78 season was limited to the finance

(with a total amount of L5 14,838) of harvest operations for groundnuts

 

1 For example, all of the short-term dura production loans, which is

the main line of activity for the Dilling Branch, are advanced to owners

of large schemes (1000 to 1500 feddans) in Habela and other mechanized

schemes in the area. For the 1979/80 season the total amount of dura

cu1tivation loans advanced was Ls 608,366.85 (loans granted on the basis

of Ls 2,350.0 per 1000 feddans) and the total for dura harvest loans was

Ls 432,792.65 (loans granted on the basis of Ls 1.85 per dura sack).

2A coordinated effort involving ABS officials, staff of Cooperative

Department, staff of Crop Protection and Extension from Ministry of

Agriculture, in coordination with village heads (Sheikhs) was used in
superv1sion of this credit program.
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and sesame crops of 658 smallholder members of two cooperatives in

Um Ruaba area. The following 1978/79 season the scope of the trial was

enlarged (with an amount of Ls 80,000) to increase participating small-

holders to 972 cooperative members, and to finance both cultivation and

harvest operations for the two crops.1 With the record of these two

seasons showing 100 percent repayment of loans, the bank was encouraged

to increase the scope of its smallholder credit for the 1979/80 season

to include 1300 small farmers in 20 villages. In the same season the

program was extended to include 650 smallholder cooperative members in

24 villages in El-Debaibat area, north of Dilling.

The promising potential of cooperatives in securing smallholders'

access to formal sources of credit is revealed in this recent ABS

Di11ing Branch experience, cited by Ahmed:

Innovations intended to reduce lending and borrowing

costs should promote the development of cooperative

societies, who in turn, could extend services to a

large number of farmers. The Um Ruaba pilot project

introduced by the ABS revealed the possibility of ex-

tending comparatively small amounts of credit (an

average of $200) to a large number of farmers [8,

p. 208 .

 

1‘Loans are granted on the basis of Ls 10.0 per Mukhamas (1.75

feddans) for cultivation of sesame, and Ls 18.0 per Mukhamas of ground-

nuts. Harvest loans are granted on the basis of L5 6.53 per Mukhamas

of sesame, and Ls 19.49 per Mukhamas of groundnuts.
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With the growing number of smallholder cooperatives in the area,1 pro-

viding the framework for expanding the ABS smallholder credit program,

the extent of such efforts could be substantially increased. Already,

this experience of lending through cooperatives encouraged the World

Bank to consider financing traditional agriculture in the Sudan through

the ABS with a little less than Ls 7 million in a three-year program as

part of an Agricultural Services Project [8].

Planting-Time Experiments and Model Results

The previous part examined the effect on productivity and returns

in the traditional farming model through provision of formal credit and

a 50 percent increase in land avai1abi1ity. This section focuses on the

impact on productivity of changes in time of planting. One of the widely

claimed reasons for the low productivity of smallholders is their in-

ability to take timely decisions and their poor crop management practices.

The Experiment
 

The p1anting-time experiment is based on the important husbandry

practices of smallholders in the area. These include: choice of crop

variety, planting time, and weeding rates/times. These factors have al-

ready been discussed in Chapter III. Table 5.7 summarizes the implica-

tions of these factors as deduced from experimental material and research.

 

1As of June 1980, the number of registered cooperatives operating

in the four districts of South Kordofan Province was 170 cooperatives

with total membership of slightly less than 30 thousand. The majority

(80 percent) of these cooperatives at the present are "consumption" co-

operatives, which are primarily involved in procurement and distribution

of consumer goods.
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The supporting research, experiments, and data are given in Appendix II.

These comprise experiments carried out at the Kadugli Research Station lo-

cated in the Nuba Mountains area, and the Kenana Research Station lo-

cated in the centra1-eastern Savanna of the Sudan. It is important to

comment briefly on two methodological points:

1. Being mindful of the limitations of the experiments discussed

in this section and Appendix II, they still remain useful in

highlighting the implications of timing sequences included in

this experiment.

‘ 2. In particular there is the much more difficult question of

relating yie1d levels obtained under experimental environments

to actual farm conditions. Judgment and comparison with other

sources [6, 38] are used in the choice of realistic yield levels

that could be achieved by farmers under optimum conditions

(suffix I yield levels in Table 5.7), while using research im-

plications for the rate and timing of operations in addition to

the yield discounting factors for delayed schedules (suffixes

II and III yie1d levels in Table 5.7).

In the LP model modified for this experiment (see discussion in the

last part of Chapter IV), three timing sequences are incorporated. In

addition, coefficients of weeding, harvest, and transport corresponding

to yield levels in this experiment are adjusted accordingly. It should

be noted that in this experiment (see Table 5.7), following the assump-

tions developed in Appendix II, dura (short-maturing variety) requires
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only one weeding, two weeks from planting. Capital borrowing activi-

ties (as before, with 7 percent annual interest rate) were later

added to the LP model of this experiment to investigate the implica-

tions of the p1anting-time sequences when a formal credit option is

available.

Results of LP Analysis

Optimal Production Plans:

Optimal production plans for the planting-time experiment are given

in Table 5.8. Despite the high physical yields associated with early

planting of crops, the results reveal that it is optimal for smallholders

to grow crops in the late p1anted (second and third) schedules. The

optimality of late p1anting arises from the stringent time requirements

of early planting and its interaction with seasonal resource availabili-

Planting crops at different times is one way smallholders canties.

Nonetheless, all three farmsmooth out these seasona1 bottlenecks.

size categories made use of the high physical yields of the early planted

crops, as much as their resources could allow; category III, which has

the highest resource endowment, was able to grow 75 percent of its crops

in the early schedule.

The resource use figures for these plans, in comparison with the

basic plans (see Table 5.1) show the size of cropped area slightly in-

creasing for category I, while dropping 20 percent for category II and

27 percent for category III. This result is explained by the extent to

which the three farm size categories made use of the relatively labor

intensive, early p1anted schedule in this experiment; category II and III

grew the majority of their crops (51 and 75 percent, respectively) in the
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Table 5.8 Optimal Solution for the Traditional Model in the P1anting

lime Experiment

 

*Category Category Category

 

 

  

I II III

(0.1-5.0 (5.1-9.9 (10.0-

Item Unit fed.) fed.) 25.9 fed.)

Cropping Pattern:a

Cotton I Feddan 0.15 0.15 --

Oura I Feddan 1.35 2.91 10.30

Sesame I Feddan 0.06 0.58 2.63

Oura II Feddan 0.83 1.14 1.30

Cotton III Feddan 0.18 1.53 1.58

Sesame III Feddan 0.96 0.67 1.64

Resource Use:

Total Land Feddan 4.91 7.07 17.46

Family Labor Man-Day 116.60 190.98 252.64

Hired Labor Man-Day 6.71 42.10 297.62

Nafir Labor Man-Day 3.34 6.95 4.20

Total Labor Man-Day 126.65 247.09 554.46

Total Operating Capital Ls 19.51 56.46 262.75

Returns:

Objective Function Value Ls 48.91 101.01 303.74

Total Gross Marginb Ls 101.71 167.01 382.94

 

Source: Computed

aSuffixes I, II and III refer to time of planting as defined in

Table 5.7.

bIncludes value of dura retained for household consumption.
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early schedule, resulting in a decrease of their respective cropped

areas, while in category I, which grew only 31 percent of its crops in

the early schedule, this was compensated for by the increase of its

cropped area. The total labor use was slightly reduced for category I

and II (by 1 percent and 3 percent, respectively) but significantly for

category II (by 20 percent). While reduction of cropped area (in cate-

gory II and III) helps explain part of the observed reduction of labor

use, the primary influence is the reduced 1abor requirements for weeding

(It should be recalled that only one timely weeding operating isdura.

As in the original plans, durarequired in these p1anting sequences).

dominates the cropping pattern. Reduced harvest labor requirements (for

crops grown in the second and especially the third sequence) could be a

factor too, but given their small share of total cropped area, this is

of small significance.

The returns picture (in comparison with the original plans) also

captures the interaction of the new resource requirements and labor time

distribution of these three planting time sequences, with the resource

availabilities of the smallholders. For categories I and II, returns

are down by 11 percent and 19 percent, respectively.

be noted that the production opportunities (and corresponding yie1d co-

The returns in

However , it should

efficients) are modeled differently in this experiment.

category III, whose resource availabilities are more suited to take ad-

vantage of early p1anting, have risen by 13 percent despite the sizeable

(27 percent) reduction of its cropped area.
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Effects on Seasonal Constraints:

The limiting resources and their corresponding shadow prices for

the planting time experiment are given in Table 5.9. Given the present

resource availabilities of the smallholders, ear1y planting places an

The laborextra strain on the already observed labor constraint periods.

MVP's in the second half of July and the first half of August (the first

peak period) are highest. The second peak period is pushed back to in-

clude the second half of October until the end of November, correspond-

ing to harvest of early planted crops. The MVP's of labor in both periods

are high (relative to prevailing hired labor wages), being highest for

the most resource-scarce farm size category. In addition, the operating

capital MVP's for almost all the cropping season (June through the first

The importance of seasonal  half of November) are also positive and high.

constraints in this version of the model, and the rewards captured by

relaxing them, are demonstrated by the next experiment.

Credit with Planting-Time Experiment Results:

To allow the augmenting of labor resources in the constraining per-

iods through hired 1abor, credit is made available in the models through

addition of borrowing activities. Optimal plans for this version of the

model are given in Table 5.10.

With seasonal 1abor constraints largelyovercome- through the use of

hired 1abor, sizeable returns resulted in the optimal plans. The pro-

fitability of dura , especially that of the early schedule (Dura 1),

makes it dominate the cropping pattern. While this situation is a bit

unrealistic in comparison to both actual practice of farmers and other

model solutions discussed so far, it demonstrates the effect of breaking
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Table 5.9 Shadow Prices for the Limiting Resources: The Planting Time

 

 

 

 

 

Experiment

Shadow Prices (in Ls)

Category Category Category

I II III

a (0.1-5.0 (5.1-9.9 (10.0-

Resource Unit fedL.) fed.) 25.2 fed.)

Family Labor

Apr. Man-Day -- -- 0.560

May. Man-Day -- 0.141 - 0.210

Jul .1 Man-Day -- -- 1.241

Jul .2 Man-Day 1.887 1.633 1.241

Aug.1 Man-Day 1 .654 l .769 1.344

Aug.2 Man-Day 0.764 0.412 0.526

Oct.1 Man-Day -- -- 1.179

Oct.2 Man-Day 1.792 1.550 1.179

Nov.l Man-Day 0.024 0.034 0.678

Nov.2 Man-Day -- 0.938 1 .059

Dec.l Man-Day 0.040 0.154 --

Dec.2 Man-Day -- -- --

Nafir Labor

Apr. Man-Day -- -- 0.230

Jul .1 Man-Day -- -- 0.558

Jul .2 Man-Day 0.849 0.735 0.558

Aug.1 Man-Day -- 0.871 0.662

Oct.1 Man-Day -- -- 0.496

Oct.2 Man-Day 0.754 0.653 0.496

Nov.2 Man-Day -- 0.483 0.545

Operating Capital

Jun. -Nov.1 Ls 2.145 1.722 1.068

Nov.2 Ls 0.542 0.379 0.558

Dec.1 Ls 0.542 0.379 0.558

Dec.2 Ls 0.542 0.379 0.558

Jan . Ls O . 0001 O . 0001 0 . 0001

Feb . Ls 0 . 0001 0 . 0001 0 . 0001

Mar. Ls 0.0001 0.0001 0.0001

Apr. Ls 0.0001 0.0001 0.0001

May Ls 0.0001 0.0001 0.0001

 

Source: Computed

aSuffixes 1 and 2 refer to first and second half of the month for

July through December.





fl
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Table 5.10 Optimum Production Plans: The P1anting Time Experiment with

Credit Option

 

Category *Category Category

 

 

 

 

I II III

(0.1-5.0 (5.1-9.9 (10.0-

Item Unit fed.) fed.) 25.9 fed.)

CroppinggPattern:a

Dura I Feddan 3.85 8.01 23.72

Dura II Feddan 1.15 1.89 2.18

Resource Use:

Total Land Feddan 5.00 9.90 25.90

Family Labor Man-Day 86.50 124.70 149.50

Hired Labor Man-Day 64.86 174.56 645.33

Nafir Labor Man-Day 3.34 7.68 2.80

Total Labor Man-Day 154.70 306.94 797.63

Total Operating Capital: Ls 71.79 172.22 564.60

Initial Capital Ls 6.93 27.83 152.70

Crop Sales Ls -- -- --

Borrowed Capital Ls 60.99 129.92 355.16

Interest Paid Ls 4.27 9.09 24.86

Returns:

Objective Function Value Ls 78.55 189.83 464.22

Total Gross Marginb Ls 131.35. 235.83. 543.42

Source: Computed

aSuffix I, II and III refer to time of planting as defined in

Table 5.7.

b
Includes value of dura retained for household consumption.
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seasona1 1abor constraints. The resource use figures show the somewhat

higherlabor levels employed in these plans. Not only are these levels

high relative to total labor use in the three categories, but they re-

quire the recruitment and utilization of this labor during the two

short peak labor constraint periods. In reality, achieving the benefits

from such a management scheme would be limited by the scarcity of credit.

Cotton Price Variation Experiment

It should be recalled that the cotton crop, in agreement with the

empirical situation, did not enter in any of the smallholder categories

original plans (see Table 5.1) and was absent also from all model ver-

sions and solutions discussed so far.1 This situation, being of impor-

tant policy concern as indicated earlier (see Chapter I), will be taken

for detailed analysis in this part. First, a brief background note on

cotton problems in the area is given. Next, the results of the cotton

price programming experiment are discussed.

Background on Cotton Problems in the Area

Unlike all other crops grown in the area, the cotton crop is en-

tirely a cash crop aimed for the export market. The establishment of

the cotton growing industry in the Nuba Mountains area dates back to

the early'l920's, as described by Tothill:

 

1With the exception of two solutions (see Table 5.3 and 5.8),

where insignificant feddanage was devoted to the cotton crop.
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In pursuance of the policy of "turning swords into

plough shares"1 the government [British Colonial era]

decided in 1928 to endeavor to introduce the growing

of cotton as a cash crop. It was accordingly decided

that observational plots of American type cotton should

be grown by the government during the rains of 1924.

The results were promising, and it was decided that

the Department of Agriculture and Forests should go

ahead and endeavor to establish a cotton growing in-

dustry....about that time a further attempt was made

to initiate a company which would finance and handle

the growing cotton industry [59, p. 842].

Although the "endeavors" were presented as serving the interests

of national and regional security, as well as those of the local popula-

tion, by establishing cotton as a cash crop, it is clear that the colo-

nial interests were the overriding reason behind the effort.2 Despite

the rapid expansion of areas under the crop in subsequent years, and

the institutionalization of the cotton industry since then, potential

problems of cotton in the local setting were perceived early on. The

view then, however, was overoptimistic with regard to cotton; given

the cultivator's high cash returns expected from the new cotton crop,

its expected wide adoption by cultivatorsin the area was expected to

come at the expense of other crops, as Tothill explains:

When propoganda for more cotton was being spread,

care was taken to emphasize the principle that it

should not be grown instead of dura, the main food

crop, but in addition to the usual areas under food

crops [59, p. 843].

 

1Reference is made to the "unruly" Nuba people and the government

need to secure peace in the area.

2Representatives of England-based industries (Lanchshire industries

and spinners) were among the originators of the idea [59].



163

Needless to say, the unfolding of events in the historical record

of cotton in the area, especially in recent years, rendered the above

concern irrelevant. Instead, the growing importance of other crops in

the smallholder farming system, together with the high inflation rates

of recent years, have led to the decline in cotton production [38, 39].1

The decline in cotton production reached serious proportions in the

late 1970's, with the crop a1most disappearing from traditional sma11-

holder areas. In 1979, aministerial committee was formed to study

and make recommendations regarding the decline of cotton production in

the Nuba Mountains area. The committee report [39] singled out the un-

rewarding farm-gate cotton price as the main cause of cotton decline in  traditional agricu1ture. Another factor mentioned was the increasing

cost of production for cotton (most1y labor costs). The corresponding

recommendation was for a higher cotton price. Recommended prices for

cotton delivered by farmers were: Ls 7.00, Ls 4.50 and Ls 3.50 per

kantar (45 kg) of cotton for grade I, II and III, respectively.2 To raise

the current level of prices (Ls 4.25, Ls 3.25, and Ls 2.75 for the three

grades, respectively) to the recommended level, and since the NMAPC pric-

ing system cannot put this into effect given the current production levels,

it was suggested that the resulting deficit from adopting the reconmended

prices be absorbed by the government, until such time when it is no longer

 

1 .
The HTS study [38] est1mated that for the period 1968/69 to 1978/79,

the price of seed cotton has decreased in real terms (allowing for infla-

tion) by some 60 percent, while the price of dura has risen by about 20

percent.

Generally, over 90 percent of cotton produced falls in the first

two grades.
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necessary to have government support, and the system is able to pay

such prices by itself.1

Beyond the main recomendation for higher cotton prices, the com-

mittee report also gave some recomendations to improve cotton production

within the NMAPC modernization schemes. The latter, mostly organizational

and administrative in nature, are discussed in the next chapter. Below,

we focus on the effect of changing cotton prices and discuss the results

of the experiment for the traditional smallholder models.

Experiment Results

With the above background, LP analysis is used to examine the effect

of varying cotton prices on the cotton feddanage within the smallholder

The procedure used is parametric programing, sometimes referredmode1s.

Such a procedure isto as variable price programing or price ranging.

generally used to estimate the normative supply function of a comodity

[32]; the optimal output of the comodity is derived by varying its

price, within an appropriate range, while other prices are held constant

Before proceeding to present results and anal ysis of this experiment, it

is important to note the following two points regarding this experiment:

The supply response resulting from variable price programingl.

is generally limited by its static and normative nature (in the

sense of being what farmers ought to be producing).2

 

1The present NMAPC cotton pricing system, which is crucially depen-

dent on total cotton production in the area, is described and discussed

in detail in the next chapter. It was estimated that the present system

can afford to offer the recomended prices, without government support,

when production of cotton in the Nuba Mountains area reaches at least the

400,000 kantars level [39].

2And is also believed to result in an upward bias of some degree [32]
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2. Supply responses to price changes could theoretically be par-

titioned into yield and area responses. The first may stem

from an intensified or new input use, and the second may stem

from substitution between crops, expansion of cropped areas,

or changes in cropping intensity [33]. The yield response,

within the context of cotton problems in traditional agricu1-

ture, is of relatively less importance at the present.1 While

it is conceivable that intensified and more skillful 1abor use

might result in higher cotton yields, at the present the real

issue and the policy concern is that of crop substitution and

massive reductions in cotton area. In this situation, it is  more realistic to examine the feddanage response to cotton

price changes.

Cotton area responses for the traditional farm models are graphed

in Figure 5.1. The results and conclusions drawn from this experiment

can be summarized as follows:

1. There are differences in the feddanage response to higher price

between the three farm size categories. Such differences are

a result of differences in resource availabilities between the

three categories (especially the labor resources, and the pro-

portions of hired 1abor employed). Particular differences

are:

 

1However, yield response is of utmost importance within the context

of NMAPC smallholder schemes. With the participants cotton areas deter-

mined by the NMAPC, price policy incentives aimed at increasing cotton

output would have to induce per unit 1and yield increases. This point

is further discussed, in the next chapter, within the context of NMAPC

farm model '5 cotton price variation experiment.
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a) At slightly higher than the current price and around the

price of Ls 4.0 per kantar, cotton enters the solutibn '

of all three categories. At this initial level cotton fed-

danage is very small; 0.43 and 0.53 feddans for categories

I and II, respectively, and only around one feddan in cate-

gory III (5 percent of its total cropped area). This share

for category III also remains stable over a relatively large

price range (Ls 3.86 to Ls 8.43).

b) To increase cotton feddanage to one feddan, an average price

of Ls 7.00 is needed in categories I and II.

c) To increase cotton feddanage beyond one feddan, higher

prices are required. At around Ls 10.00 per kantar, cotton

feddanage is raised to two feddans in categories I and III,

and to three feddans in category II.

2. Prices higher than Ls 10.0 are not only unlikely at present

but also the response they generate becomes smaller.

3. From the above, it can be concluded that although a small in-

crease in price causes the cotton crop to enter solution, sub-

stantially higher average prices (Ls 7.0 and L5 10.0) are needed

to induce a one and two feddan area response, respectively.

JIt should be recalled that prices simulated in this experiment cor-

respond to average cotton prices per kantar, and therefore they might

have to be further adjusted to reflect differences between cotton

grades (which means slightly higher prices for grade I, and propor-

tionally lower prices for grade II and III). Possibilities of offer-

ing cotton prices such as those derived in this experiment are
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discussed in connection with the NMAPC cotton pricing system given

in the next chapter.

Sumary

In this chapter, the analysis of results from experiments with

the traditional linear programming model are presented. In addition to

base plans for the three farm size categories, the following experi-

ments were conducted: hypothesized rainfa11-induced yie1d variability

experiment, credit and land expansion experiment, planting-time experi-

ment, credit with p1anting-time experiment, and cotton price variation

experiment.

Results of the base models show the cropping pattern of the small-

holders to be dominated by the dura crop, with a small percentage

of sesame. Groundnuts and cotton did not enter any of the solu-

tions for the three categories. Eighty-eight percent, 89 percent, and

92 percent of the total available land in the three farm size models,

respectively, was used in these basic p1ans. Resulting returns confirm

the typical low productivity and returns of smallholders farming in the

Total gross margin figures for the three respective farm size

It was shown that

area.

categories were Ls 107.99, Ls 190.55, and Ls 348.95.

these low returns are the product of low productivities for both land

and labor, resulting from low crop yields. Computed average productivi-

ties for land (per feddan) were Ls 6.20 to Ls 7.35, and for labor (per

man-day) were Ls 0.49 to Ls .84, always highest in the smallest farm size

category. Analysis of the marginal productivities has shown that the

basic limiting resources in the smallholder production are the labor re-

sources. While operating capital is also limiting, this indicates an
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indirect labor constraint, since labor is the basic resource 00 is ex-

Land is not limiting. Family labor is limiting mainly inpended on.

the first (June through August), is when weeding takestwo periods:

place, the second (November through December), corresponds to harvest

and crop disposal. The family 1abor MVP's corresponding to these two

periods are positive, and high in comparison with the respective month1y

hired 1abor wage rates, indicating that expansion of the labor resource

during these periods would be profitable.

Results of the sensitivity analysis used to investigate hypothe-

sized rainfall-induced yie1d variability, indicate the sensitivity of

returns to reduced rainfall and hence reduced crop yields. With 25 per-

cent reduction in yield levels (situation A), resul ting objective func-

tion values were 51 percent, 41 percent, and 49 percent lower, for the

three categories, respectively. In the case of the 50 percent yie1d

levels reduction (situation 8), also a proportionally greater drop in

returns resulted; by 120 percent, 91 percent and 90 percent for the

three categories, respectively.

The credit and land expansion experiment results have shown that

credit use can contribute significantly to increase the low farming re-

turns of smallholders in the area. In comparison with the base p1ans,

resulting increases in returns were in the order of 77 percent, 50 per-

cent, and 39 percent for categories I, II, and III, respectively. Al-

though the interest rate charged for borrowed capital in this experiment

was 7 percent (representing the official rate of the Agricultural Bank

of Sudan for short-term loans), the MVP's from the base optimal p1ans

indicate the profitability of borrowed capital, within the smallholder
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296 percent, 145 percent, and 74 per-system, at extremely high rates:

It is further
cent for the three farm size categories, respectively.

evident that the profitability of borrowed capital is highest in cate-

gories I and II, where 00 is most 1imited, and‘hence credit use is most

For the latter two categories, in this experiment, the in-rewarding.

crease of land and hired 1abor availability made it possible to use more

of the existing fami1y 1abor resource (by 37 percent in category I, and

21 percent in category II) as compared to the base p1ans. Another im-

portant resu1t revealed in the analysis is that credit is mainly needed

in the first period (June-October), when smallholders in this period re-

quire not only production credit but also consumption credit to see them

00 requirements of the second period (Novenber-December)through harvest.

Inare financed, as farmers normally do, through initial crop sales.

this context, the inclusion of sesame in the cropping pattern (with its

crop sales occurring as early as November) is particularly important

and useful.

Results of the p1anting-time experiment reveal that despite the

high physical yields associated with early planting it is still optimal

for smallholders to grow late p1anted crops. The optimality of such a

practice arises from the stringent time requirements of early planting

schedule, given the already limiting seasona1 availabilities of labor.

Simply stated, 1ate planting is one way of smoothing out these bottlenecks

Nevertheless, all three farm size categories made use of the high physical

yields of the early planted crops, as much as their resources could allow;

category III, which has the highest resource endowment, was able to grow

75 percent of its crops in the early schedule. The returns picture (in
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comparison with the base plans) also captures the interaction of the new

resource requirements and labor time distribution of the three planting

time sequences, with the resource availabilities of the smallholders.

Fbr categories I and II returns are down by 11 percent and 19 percent,

respectively. However, it should be noted that the production opportuni-

ties (and corresponding yield coefficients) are modeled differently in

this experiment. The returns in category III, whose resource avai1abi1i-

ties are more suited to take advantage of early p1anting, has risen by

13 percent despite the sizeable (27 percent) reduction of its cropped

area.

The credit with p1anting-time experiment results demonstrate the

importance and rewards captured by relaxing seasonal 1abor constraints

revealed in the previous experiments. Through credit, hired labor is

used to augment 1abor resources in the constraining period. In compari-

son to base p1ans, sizeable increases in returns resulted; 22 per-

cent for category I, 24 percent for category II, and 56 percent for

category III. The profitability of dura, especially that of the early

schedule (Dura I), makes it dominate the cropping pattern in this

experiment.

Results of the cotton price variation experiment reveal that there

are differences in the feddanage response to higher price between the

'three farnISize categories. Such differences are a result of their

<iifferent resource availabilities. In general, the results have -

'shovn1'that at around the price of Ls 4.0 per kantar (45 kg), which is

sligflitly higher than the current average price, cotton would enter the

solution of all three categories, but at a very small feddanage.
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To increase cotton feddanage to one and two feddans, average

prices of about ' Ls 7.0 and Ls 10.0 per kantar, respectively, are needed.

Prices higher than Ls 10.0 per kantar are not only unlikely,‘but the

response they generate is much smaller.



CHAPTER VI

NMAPC AND THE MODERNIZATION 0F TRADITIONAL

AGRICULTURE IN THE NUBA MOUNTAINS

The previous chapter contains the analysis of the traditional sma11-

holder model. In this chapter we turn to the analysis of the major pub-

lic sector model proposed for modernizing traditional agriculture.

The first part gives an overview of NMAPC and its present performance

'record and institutional features as background for the subsequent analy-

sis. The second part discusses the current NMAPC farm model, and com-

pares its important features with those of the basic traditiona1 small-

holder model given in the previous chapter. In the third part, analysis

of the contemplated fu11-scale NMAPC farm model is given. The discussion

in this part includes a proposed alternative to the planned fu11-scale

NMAPC model. A brief summary of the results is given in the last part of

this chapter.

The NMAPC: Background, Present Organization

and Current Performance Record

Background

The present Nuba Mountains Corporation has passed through three dif-

ferent stages to reach its present form:

(i) Nuba Mountains Cotton Industry (NMCI): Early 1920'5-1966

The company was formed following the success of government trials to

grow cotton during the rains of 1924 in the Nuba Mountains area, and the
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promising farm production results that were obtained in the following

seasons [59]. Necessary structures for collection and processing of

cotton were also completed in this period. Eight ginneries were establish-

1 The total ginninged, located in the present regional stations of NMAPC.

capacity of these eight gins is 451,500 kantars of cotton fibers per

annum [10].

The NMCI was successful in promoting cotton production mainly through

expansion of land under the crop.2 As the name implies, the objectives

and functions of the organization were exclusively directed towards the

commercial production of cotton. Aside from distribution of cotton seeds

free of charge to farmers at the beginning of the season, and limited.

cotton pest control, the organization had no involvement in production.

The commercial operations were successful and the financial status of the

corporation was sound [31].

(ii) Nuba Mountains Agricultural Corporation (NMAC): 1967-1970

This second stage of the corporation started in 1967 with changes

in the status of the corporation within the Ministry of Agriculture, Food

and Natural Resources (MAFNR). A new law required the corporation to

broaden its goals to include: improving traditiona1 farming in the area

(through agricu1tura1 extension to advocate use of better crop rotatidns,

crop protection, etc.), organization of farmers and consolidation of

dispersed farms to enable mechanization, and,in general, to raise the

socio-economic and cultural standards of living for farmers in the area

 

1Except for Abassya station which does not have a gin; its cotton is

sent to El Semieh.

2A peak was reached in cotton production in 1962/63 season when just

over one million kantars of cotton were produced in the Nuba Mountains [38].
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through provision of social services, drinking water, community develop-

ment and encouragement of cooperatives [31]. To help the NMAC better

manage its relatively enlarged role, a new joint account system was in-

troduced to define the relative shares of NMAC and the farmers in the

costs and returns of the cotton crop.1

Despite its enlarged role, in practice the NMAC maintained the em-

phasis of its predecessor on cotton production. However, in this stage

cotton production in the area began to decline as smallholders grew less

of the crop. The growing importance of other smallholder crops (sesame,

groundnuts, and especially dura), the rising cost of labor [31],and a de-

cline (in real terms) of cotton prices [38], were the main reasons for

the decline in cotton production. This trend, which continued into the

next stage of the corporation, began to show an impact on the corporations'

financial records. By 1970, the corporation was just covering its joint-

account costs [31].

(iii) Nuba Mountains Agricu1tura1 Production Corporation (NMAPC):

1970 to Present

This third and present stage began in 1970 when the corporation was

made a subsidiary of the Public Corporation for Agricultural Production

(PCAP) by the Corporation Act of 1971.2 A radical change was made in the

corporation's goals and activities. It was intended the NMAPC should

serve the following objectives:

 

1The present joint-account system is described in detail later in

this section.

2PCAP was dismantled late in 1979, and the NMAPC together with other

subsidiary corporations became directly responsible to the Minister of

MAFNR.
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1. To supervise rainfed agricultural production schemes in the

Nuba Mountains area.1

2. To encourage the modernization of traditional agriculture by

making available mechanization services and other new technolo-

gies. A

3. In general, to promote sound development of the smallholder sec-

tor that will ultimately result in raising the farmer's standard

of living.

The Present Organization and Production Record of the NMAPC

There are two important aspects distinguishing the corporation's cur-

rent goals and activities concerning smallholder agricu1ture:

(i) Production Relations

The corporation's involvement in shaping the production activities of

its participants reached its maximum under the present NMAPC organization.

This organization, following the model of the public irrigated agriculture

2 encompasses all aspects of the tenants'productionschemes in the Sudan,

and marketing. These rules and administrative guidelines define a pro-

duction relation, common to all public schemes, with land ownership belong-

ing to the government.3 A partnership system between the government

 

INMAPC also continued its predessor's supervision of a small (around

5000 feddans) irrigation scheme (Abu Habel scheme) located at E1 Semieh.

2Pioneered by the Gezira scheme in 1925, this model, as discussed

in Chapter I, has greatly influenced the path of agricultural development

in Sudan.

.3Government ownership of land is widely disputed by NMAPC farmer

part1cipants. This has reduced the effectiveness of the corporation in

enforcing its rules and guidelines.
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(represented by the NMAPC) and the farmers (typically referred to as

tenants) is instituted. A system of rights and obligations is defined

for all parties. The government (through NMAPC) specifies the tenancy

size, the rotation (typically revolving around the cotton crop), and the

individual crop areas. Generally the partners of this relation are re-

warded with the following shares based on the net proceeds of cotton

(after deducting joint-account expenses).1

Tenant 78%

NMAPC 15%2

Social Reserve Fund 2%

Local Government 3%

Tenant Reserve Fund 2%

In return, the tenant is required to supply labor at the field level

for specified crops according to the guidelines of the corporation. He

15 also required to pick the cotton and deliver it to the nearest col-

lection center. The corporation'sobligation is the provision of mechanized

cu1tivation services, cotton seeds (free of charge), cotton pest control,

and cotton ginning and marketing. To carry out its services and activities,

the NMAPC has a departmentalized structure, with representation at the

regional station level. Figure 6.1 shows this structure. This present

structure has not been entirely successful [38] in carrying out the

 

1The joint-account system is discussed in conjunction with the coming

section in this chapter, on cotton pricing policy: its complete law (as

defined in the NMAPC charter) is given in Appendix II.

2After covering NMAPC obligations, any surplus from this share would

be divided 85% for PAPC budget and 15% as reserve for NMAPC. In reality,

the financial record of NMAPC since its establishment has not only showed

no surplus, but its annual deficits had to be financed by the government.
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corporation's activities. Particular difficulties have arisen in the ef-

ficiency and coordination of mechanization services. The field (scheme)

1eve1 managerial functions are under the supervision of a NMAPC inspector

1 The function and authority ofaided by the scheme's farmer committee.

the committee, and coordination with the NMAPC officers, has been unclear

and in many cases prob1ematic [46].

(ii) The Modernization Program

The central activity of the corporation is its modernization program.

Started in the season 1970/71, the program aimed at achieving the follow-

ing objectives [31]:

1. Introduction of machines (tractorization) to raise traditiona1

farmers'productivity and annual income.

2. Consolidation of traditional farms into collective farms as a

nucleus for agricultural cooperatives.

3. Provision of social services.

4. Introduction of improved agricu1tura1 services, techniques, and

rotation to raise the productivity of land and crops.

5. Emphasis on improving production and productivity of cotton, so

that the NMAPC can stand in a better financial position.

Not preceeded by a study, the arrival into the region of some sixty

tractors/discs signalled the beginning of the modernization program. The

actual opening of schemes was largely on an ad-hoc basis and mostly 1eft

 

1This is composed of 10 members elected by farmers under the super-

vision of Nuba Mountains Farmers Union. They serve their function on a

voluntary basis. These functions are not well defined; at the moment they

include helping distribute rotation plots to farmers, supervision of mechan-

ization services, and in general acting as farmers' representatives in

supervision of day-to-day field work.
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to Unediscretionof the field stations.In 1970/71, a total of 23 schemes

were opened in the eight stations of NMAPC. The general procedure for

opening schemes consisted of a group of farmers, after consulting with

NMAPC fie1d stations officers, clearing an area (between 1,000 to 2,000

feddans). The scheme was then officially registered and the land di-

vided (as tenancies) between the participating farmers. This procedure

of unplanned openings of schemes with associated land ownership problems

has persisted with the NMAPC system until now. Future 1and surveys and

land expansions (to complete contemplated rotations) are thus made more

difficult [46].

The initial target of this modernization plan was to have 300 trac-

tors/discs, and a total area of 300,000 feddans by 1974/75. Actual ex-

pansion of schemes and areas of cotton and dura are shown in Table 6.1.

While the areas of crops fluctuate from one year to the other, the in-

tended balance of the two crops (approximately 50 percent each) was main-

tained over the seasons. As can be seen from the table, this plan suffer-

ed a great set-back in 1974/75, when all schemes were shut down except

for three schemes in the Kadugli area. The reason given by NMAPC ad-

ministration was the inability and refusal of farmers to pay their loans

for mechanized cu1tivation which were mounting from previous seasons.

While the program continued, a number of schemes were being shut down

each year in the different field stations, primarily because farmers were

strongly reluctant to grow cotton. There were other problems as well,

including tribal/village conflicts over land ownership and distribution,

managerial and administrative conflicts, and shortage of drinking water at

schemes sites [46].
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Despite the problematic record, the modernization program was given

special emphasis in the current Six-Year Plan (1977/78-1982/83). The

government plan for revitalization of NMAPC was expected to benefit

from the findings of the recently started foreign research projects in

the area.1 By 1979/78, a total of 62 schemes were operating in the eight

stations of NMAPC, commanding a total area of 72,868 feddans.

Mechanized Cultivation in the NMAPC

The mechanized cu1tivation service, as pointed out earlier, is con-

sidered the corner stone of the NMAPC modernization program. Its pre-

sumed capability to "raise traditiona1 farmer productivity," as expressed

in the modernization objectives, closely resembles what Binswanger [13]

has called the "net contribution view." In general, proponents of this

view believe that agriculture is characterized by a power constraint, and

that tractor machinery is suited to breaking this power constraint in

agriculture, such that a net contribution to production (which otherwise

is not possible) is generated [13]. However, the origin of this view,

within the Sudanese experience, traces back to the early 1950's when

mechanization under rainfed conditions was first introduced in the Gedarif

region of eastern Sudan?

To provide a mechanized cu1tivation service, NMAPC relies on differ-

ent types of machinery (tractors, discs, and Seeders) that are distributed

 

1Some of the relevant features of these projects to NMAPC moderniza-

tion program are briefly discussed in Appendix IV.

2For an example of early advocates in this regard, see Shazli [52].
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throughout its field stations.1 The mechanical cultivation service con-

sists primarily of shallow ploughing of the soil by the wide level disc.

Two discings are stipulated; however, at present due to 1ateness of oper-

ation, gasoline shortages, and mechanical breakdowns, very few schemes

are disced twice. In the case of lands designated for dura, the sowing

operation is also performed mechanica11y, through a mounted boxer/seeder

on top of the disc, simultaneously with the second discing operation.

Ideally, the cultivation operation should achieve a number of objectives

including: preventing of soil erosion, conservation of soil moisture,

control of newly germinating weeds, eradication of tufted and perennial

grasses, and the creation of an adequate tilth for promotion of seed

germination [45]. For farmers in the area, weed control is the single

most important objective of the operation.

At the present, the field performance of these operations is widely

recognized as unsatisfactory. This judgment is based on both the timing

and quality of the mechanized cultivation service. The farmers inter-

viewed in the researcher's survey have singled out the service as the most

unsatisfactory and problematic. One of the few available records of:

field performance is that of the Lagawa station for the season 1979/80.2

It is believed to be typical of field performance in other NMAPC stations.

Table 6.2 shows the total ploughed area by each of the thirteen tractors

 

1By 1979/80, NMAPC had a stock of 140 tractors, composed of five dif-

ferent tractor makes; and 139 discer/seederS‘ of three different makes.

2Machinery records (use, performance, maintenance, fuel consumption,

etc.) are lacking or incomplete. Efforts to organize and keep such re-

cords have recently (1979/80) been initiated by the Agricultural Engineer-

ing Section, NMAPC.
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operating at Lagawa in the season 1979/80. As can be seem from the table,

ploughing starts early in July and goes beyond the end of August (and

sometimes up to September). These de1ayed operations not only offset any

benefits claimed for the mechanical cu1tivation, but also result in clear-

1y later than optimum sowing times which is a major yie1d influencing fac-

tor. The average total ploughed 1and per tractor was only around 800

feddans, with a number of tractors performing far less than this level.

Another important problem is that the weed control component of the me-

chanized operation is particularly deficient and less satisfactory.

Farmers, who generally view the operation to be the equivalent of "me-

chanical weeding," are particularly unsatisfied with this aspect of the

service. In fact, it is on the basis of this criterion that the scheme's

farmer committees would decide on accepting (or rejecting) ploughed land

to be distributed to farmers. This has been a matter of frequent dis-

putes and friction between the farmers (represented by farmer committees)

and NMAPC officials and operators.

The poor performance of the mechanized cu1tivation service in the

NMAPC at the present is the product of many interacting technical and

organizational problems. The most important of these include:

1. Technical problems relating to the suitability of machinery

under conditions of the area. In particular, the wide level

disc was found to be deficient in controlling weeds [45].

2. The above technical problems are further compounded by the many

different makes of machinery in use at the present.
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3. Inadequate maintenance, servicing, and workshop faci1ities,

especially at the field level.1

4. Inadequate training for mechanics and machinery operators.

5. Late arrival and distribution problems of gasoline and other

related products.

6. Inadequate planning and coordination of mechanization services

at the field level.

7. Inadequate infrastructure (lack of reasonable housing, health,

food and drinking water) at scheme sites which offers an un-

conducive working environment.2

8. Small and irregular scheme lands which pose difficulties for

mechanized operations, especially when fields are not well

c1eaned (from debris, previous cotton harvest sta1ks).

All of the above problems are well recognized by the corporation

[46]. Currently, many efforts are being made to improve the performance

of these operations.3

 

1Except for the major workshop at NMAPC headquarters in Kadugli,

other field stations are not equipped and manned at the present to handle

the frequent breakdowns and problems. Sending tractors to Kadugli during

the working season is time consuming and results in loss of valuable ma-

chine time at the peak of the working season.

2This explains the practice of most schemes to use tractors in what

is called "nonproductive" uses, which are often born out of necessity to

transport food, water and other emergency needs.

3One of the foreign research projects (British ODA project) is

aimed at helping NMAPC to improve its mechanization services. See dis-

cussion in Appendix IV.
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NMAPC Joint Account and Cotton Pricing Policy

The joint account plays the central role in shaping the production

relation between the NMAPC and its farmer participants. The total expen-

ditures under this account are deducted first from the gross cotton pro-

ceeds and then the remaining sum (net cotton proceeds) is divided between

the partners according to the ratios specified in the production relation.

In this process, as detailed below, the joint account becomes the single

most important factor in determining the cotton prices received by farmers.

Because of its special role, the joint account is discussed first, and

then the pricing policy of cotton is examined.

The Joint Account System

Article 10 of the NMAPC charter (given in Appendix III) details the

laws and procedures governing the institution of the joint account. The

main credit item of this account is the total cotton sales of the NMAPC.

The debit items for the account include NMAPC production costs (mechani-

cal ploughing and cotton pest control) in addition to all other costs in-

curred by NMAPC in processing and marketing of the crop (ginning, trans-

port, and marketing). Table 6.3 shows the items and expenses of the

NMAPC‘s joint account based on expected cotton production for the season

1979/80.

In its role as a basis for the NMAPC production in general and in

determining cotton prices for farmers in particular, the joint account

system suffers from the following drawbacks:

1. The application of the joint account system, which is the basis

of the production relations in most of the public irrigated

schemes, has a major defect under the conditions of NMAPC.
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As noted by El Hag [22], the system requires a known and regis-

tered farmer group in order to settle the accounts properly.

In this case with the exception of the few NMAPC participants,

the majority of farmers the NMAPC is dealing with are tradition-

a1 farmers, who are not only unregistered with NMAPC but whose

number (and production), completely out of NMAPC control, varies

substantially from one year to the other. As such, the NMAPC

has two client group of farmers, its own participants and tra-

ditional farmers in the area. However, the present joint ac-

count applies the resulting (after joint account expense deduc-

tion) cotton prices equally to both farmer groups. The import-

ance to the NMAPC of traditional farmers' cotton production has

been demonstrated by the significant and negative impact which

resulted in recent years as the areas of traditional cotton sub-

stantially declined.

Unlike the public irrigated schemes where the participating ten-

ants benefit from a larger range of crops grown and relatively

higher productivity levels, the NMAPC participants (and tradition-

alfarmers for that matter) are placed at a disadvantage by having

only two crops (cotton and dura), while the entire finance of the

corporation must be met from cotton. The immediate impact of

this is the low cotton prices which farmers receive. The fact

that both traditional farmers and NMAPC participants receive the

same prices for cotton, despite minimal services offered by NMAPC
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to traditional farmers, implies that traditional farmers are

subsidizing NMAPC tenants, and are also paying for any in-

efficiencies NMAPC might have in carrying out its services.

3. The present joint account is burdened with many expense cate-

gories and inefficiencies in carrying out many of these services

[22], which results in syphoning off a significant portion of

cotton gross returns primarily at the expense of the farmers.

The full negative impact of this policy is made clear at times

of low production, as in recent years. In 1979/80, joint account

expenses amounted to 60 percent of total gross returns from

cotton. On a per kantar basis (see Appendix III).the joint

expenses have risen from an average Ls 3.56 for the last five

years to almost double that to reach Ls 6.97 in 1979/80 [39].

NMAPC Cotton Price Policy

The cotton prices received by farmers are determined to a large ex-

tent by reference to the joint account system. Other factors that in-

fluence prices received by farmers include: international price of cot-

ton, marketing and export costs and commissions, national and local taxes,1

special funds' deductions, and finally the grades of cotton delivered by

 

1The local government tax share of 3 percent is deducted directly

from the net cotton proceeds.
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the farmer.1 The specific incorporation of all the above factors by the

NMAPC in determining farm 1eve1 cotton price is shown in Table 6.4.

Table 6.4 shows the deductions that are applied to cotton price at

the different levels before it finally reaches the farmer price level.

For 1979/80, the difference between the per kantar levels of the inter-

national price (Ls 34.67) and the farmer price (around Ls 4.00) represents

a more than 700 percent marketing margin. However, despite the many de-

ductions which make up this large margin, the joint account remains the

most important factor in affecting the farmer's price, with the other

deductions having only minimal effect.2 A

Not only do the large expenses of the joint account result in low

cotton farmer prices, but in recent years with the substantial decline

in cotton production, even these low prices were actually in excess of

the “theoretical excess payment" obtained from the formulas shown in

Table 6.4. Table 6.5 illustrates this situation. The prices that farmers

have been receiving are in effect minimum guaranteed prices offered by the

government to persuade farmers to continue growing cotton. Also, as a HTS

 

1The NMAPC maintains a three-grade system to reflect and encourage

the quality of cotton produced and delivered. Generally over 90 percent

of the cotton produced falls in the first two grades. For example average

percentages of the three grades delivered for the seasons 1977/78 to

1978/79 was as follows: 77 percent Grade I; 20 percent Grade II; 3 per-

cent Grade 111.

2For example, it was estimated that if development and balancing

taxes were removed, cotton prices could only be raised to Ls 5.0, Ls 3.5

and Ls 3.0 per kantar for the three cotton grades, respectively [39].
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Table 6.4 NMAPC: Determination of Farm Level Cotton Price

 

 

Item . Description

1. Price at Ship International Price (Ls/kantar)

(f.o.b. at Port Sudan)

2 (5% of 1) Development Tax

3. (1% of 1) Export Commission

4 [1-(2+3)] Store Delivery Price

5. (2% of 4) Marketing Commission

6. (2% of 4) Reserve Fund

7. (2% of 4) Balance Tax

8. (.5% of 4) Equilization Fund

_9. [4-(5+6+7+8)] Producer Accounting Price (Ls/kantar)a

10. (9 X Total Cotton Quantity) Total Cotton Gross Proceedsb

11. (10 - Joint Account Cash) (for items of joint account see

Table 6.3)

12. (80% of 11) Total Sum of Farmers' Share

13. (2% of 12) Tenant Reserve Fund

14. (12-13) . Total Payable to Farmers

15. (14 a Total Cotton Quantity) Average Farmer Price (Ls/kantar)C

 

Source: Ministry of Agriculture, Food and Natural Resources [39].

aAll deductions made up to this price level are calculated on per

Kantar basis.

bIncludes the value of both cotton fibers and seeds.

cThe average price level is further adjusted to reflect the differ-

ences in prices for the three grades.
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study notes, "if the farmer had been paid the theoretical producer price

derived from the joint account, he would in effect have been made finan-

cially responsible for any inefficiencies in the marketing system cur-

rently operated by the NMAPC" [38, p. 121].

The “report of the comittee for"Studying and Treating the Causes

of Cotton Production Decline in Nuba Mountains Area" [39] has singled out

the unrewarding farm-gate cotton price as the main cause of cotton pro-

duction decline. The report indicated that for cotton to be more

profitable to the farmer, especially in the face of rising labor costs,

higher prices are needed. Recommended prices for cotton delivered by

the farmer were: Ls 7.0, Ls 4.5, and Ls 3.5 per kantar for grade I, II

and III, respectively. It was further recommended that, since the NMAPC

can not put these prices into effect given the current production levels,

the government should absorb the resulting differences in the prices until

such time when it is no longer necessary to have government support. This

latter situation (i.e., when NMAPC system is able to pay these recommended

prices) was estimated as the time when cotton production in the Nuba

Mountains area reaches at least the 400,000 kantars level [39].

Concluding Remarks

In this section an overview of the NMAPC was presented. The dis-

cussion included the corporation's background, present performance re-

cord and institutional features. The macro view presented in this section

was intended as a background for the coming analysis. Subsequent sections

focus on the NMAPC at the farm level. The following LP ana1ysis covers

both the current NMAPC farm model and the contemplated full scale NMAPC

mode1.
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Analysis of the Current NMAPC Farm Model
 

The main features of the NMAPC farm model have been described in

Chapter III. Their LP representation and features which differ from the

basic traditional model were given in Chapter IV. They include:

1. Land size is restricted to 6 feddans p1anted only to cotton

and dura in equal shares.

2. Two mechanica1 ploughing activities are added to the model.

3. Labor requirements and yield coefficients are different.

4. Timing of the agricultural operations is also different.

The results of the NMAPC LP model analysis are discussed (with re-

ference to the basic traditional model) in terms of optimum production

plans and net returns, seasonal constraints, and cotton response under

the NMAPC mode1.

Optimum Production Plans and Net Returns

Table 6.6 gives the optimal organization of production for the

three production categories under the NMAPC farm model. At present, as

can be seen from Table 6.6 the six feddans specified in the model require

141 man-days to grow the two crops in the rotation. However, fami1y

1abor (even in the relatively well-endowed category III) has to be

supplemented by the use of hired labor. The percentage share of hired

labor in the total labor input is 26 percent for category I, 15 percent

for category II, and 14 percent for category III. This is the result

of the requirement to grow three feddans of the laborious cotton crop,

on the one hand, and the special time distribution of agricultural opera-

tions, on the other hand. The latter results mainly from delays in trac-

tor ploughing undertaken by the NMAPC.
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For all three farm sizes, operating capital in the NMAPC model had

to be supplemented by borrowing in order to obtain feasible solutions.

The extra operating capital is necessary to pay for hired labor. In

addition to repayment of borrowed capital in the model, the mechanical

ploughing charges (Ls 1.60 per feddan for two discings) which are pro-

vided by the NMAPC on credit (with no interest) must also be repaid in

the model. In practice, these debts are often defaulted by tenants.1

As can be seen from Table 6.6, the farmers' returns from NMAPC

plots are very low. Total gross margins (including the value of dura

retained for household consumption) are Ls 34.24, Ls 46.37, and Ls 53.37

for the three categories, respectively. The present sma11 cu1tivation

size and low productivity of the two crops are in general the main rea-

son for this. The cotton component in the present rotation is especially

unprofitable, and to a large extent is the main cause of the resulting

low returns and average productivities. The dura component, on the other

hand, is extremely profitable in comparison to cotton. This picture is

clearly indicated by the fact that an additional feddan of cotton is as-

sociated with losses of between Ls 16.85 and Ls 12.16 (depending on the

production categorY); whereas an additional feddan of dura earns net re-

turns of between Ls 13.43 and Ls 16.76.2 This contrasting crop composi-

tion in the NMAPC required rotation is also reflected in the average pro-

ductivities shown in Table 6.6. Losses associated with the cotton

 

1For example, the reason given by NMAPC administration for shutting

down almost all NMAPC schemes in the 1974/75, was the mounting farmer

debts for ploughing charges.

2This is based on the MVP's of the specified cropping pattern re-

strictions. See Table 6.7.
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component, under this system, causes average productivity per feddan to

show a loss of between Ls 6.86 to Ls 5.98 (depending on the production

categorY)s and average productivity per man-day to be at the low levels

of between Ls 0.22 to Ls 0.36.

Not only are the returns and productivities of the present NMAPC

farm model low in comparison to the results of the traditional farm model

(see first part in Chapter V), but they are even lower than the corres-

ponding levels achieved by public irrigated schemes.1 However, despite

the low productivity and returns associated with the cotton crop, the

current and contemplated NMAPC rotations require participants, as in the

case of all public irrigated schemes in Sudan, to grow a minimum of 50

percent cotton. .

The importance of crop composition (particularly the size of cotton

component) is analyzed later in this chapter. First, the cotton growing

restriction in the model is lifted and parametric programming is used to

estimate cotton prices needed to grow up to the three feddans required

in the current NMAPC farm model. Second, within the analysis of the

contemplated NMAPC farm mode1, optimal crop composition is investigated

by lifting crop restrictions on cotton and dura and allowing other crops

(sesame and groundnuts) in the LP mode1.

 

1Cotton productivity and returns are much higher on irrigated

schemes. For example, Zaki [61] estimated the mean net returns to

household 1abor per feddan of cotton in the Rahad Irrigation Project

(eastern Sudan) to be Ls 74.693.
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Given these low returns, why do farmers actively seek to join

NMAPC, and what makes them continue with the system?1 The following are

possible explanations:

1. Farmers view the joining of NMAPC as a means of establishing

rights to the land under a government-sponsored mechanization

scheme. Since these schemes are opened (and are expected to

expand) in tribal and/or village lands, individual farmers seek

actively to secure a share for themselves (or their families).2

This. desire has been accentuated in recent years by the in-

creasing shortage of-land, brought about by the expansion of

large-scale mechanization areas under both government and pri-

vate efforts.3

2. Almost all NMAPC participants cultivate private (traditiona1)

plots outside the NMAPC schemes. The present timing of NMAPC

cu1tivation operations allows the smallholder to distribute the

 

1This is not meant to imply that farmers do not exit from NMAPC.

The records of NMAPC show a significant number of closed schemes in all

eight stations of the corporation.

2This attitude on the part of the individuals is reflected in the

small NMAPC land (as low as two feddans) for a participating farmer in

some of the schemes. This often results in cases where a greater number

of farmers in an area seek to establish a right to tenancy (by partici-

pating in cleaning the would-be scheme) but with the final area of the

new scheme limited by the tractorization capacity of NMAPC station in

the area. In such cases farmers act on the assumption that their small

share would be raised in the future to the contemplated fu11 tenancy size

of 15 feddans.

3The area under large scale mechanization has increased steadily

and the trend is clearly on the rise as supported by the national policy

which aims at bringing an additional three million feddans under this

sub-sector, the bulk of which is planned for western Sudan [44].
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work between his private and NMAPC plots, thus spreading out

labor peaks. In terms of priorities, however, NMAPC plots rank

very low to the smallholder. In a way, this represents a vi-

cious circle: low returns and late services make scheme plots

unattractive, so production and net returns are low. The NMAPC,

which requires first-priority and full-time work on scheme plots,

partly blames this attitude of farmers for the present low re-

turns and poor performance of the corporation [46].

In the present cropping plan of NMAPC, farmers benefit from

the relatively rewarding crop, while in compliance with the cor-

poration's regulations they give nominal attention to the cotton

crop. Accordingly, the participants' monetary returns from

their NMAPC plots (usually losses) can not even cover the charges

for mechanical cultivation and other services rendered by the

corporation.

Despite this record, many of the NMAPC participants hope that

the system will be changed to meet their needs more effectively.

A better organization of agricultural services, and a more re-

warding cropping pattern and scale of operation is hoped for.

In particular, the mechanized cultivation service is viewed by

farmers to be the equivalent of "mechanical weeding.“ As such,

improvements in its efficiency would be of great value.

As hypothesized by Goran‘ [29], government schemes in rural

areas are seen by farmers as providing benefits beyond the

scope of agricultural production. Improvement of existing social

services is linked directly to the presence of the government
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agricu1tura1 schemes and activities.1 Drinking water, health,

schooling, and maintenance of roads (especially during the

rainy season) are pressing needs of the smallholders in the area.

Seasonal Constraints Under the Current_NMAPC Model

Table 6.7 gives the shadow prices for the optimal solution of the

current NMAPC model. The MVP per feddan of cotton shows a loss of Ls

12.16 to Ls 18.85, depending on the production category. 0n the other

hand, the MVP per feddan of dura is between Ls 13.48 and L5 16,76. These

figures substantiate the relative profitability of the two crops given

the prices of cotton.

Labor in the current NMAPC farm model is constraining during January

and May. Harvest operation of both dura and cotton occur in January, while

the laborious operation of cotton stalk uprooting (locally known as "A1

awdi") occurs in May. According to NMAPC regulations, uprooting should

be completed by all farmers by May 3lst. This is to safeguard against

carry-over of cotton pests and diseases from one season to the other and

to allow at least one month of cotton-free fields before the beginning of

the next season. Farmers are reluctant to carry out this operation and

usually perform it close to the deadline and often only under the threat

of legal action by the NMAPC.2

 

1An example in this context is the lobbying efforts exerted by the

people of Um Brembita to keep the ginning factory in their area open, _

despite low cotton inputs and the running of the unit at well below capc1ty.

2As explained in chapter III, the NMAPC often resorts to judiciary

powers to enforce this operation through local and traditional courts

which fine farmers who have not completed the operation by May Blst.
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In comparison with the traditional model's two labor constraint

periods, the present NMAPC model shows no 1abor constraints in the first

period (June through August) except for category I which has a labor con-

straint in August. The reason for the disappearance of labor constraints

in the first period is twofold. First, the delayed plowing operation re-

sults in planting being as late as the end of August (and sometimes early

September), so that weeding activities are carried out in September and

October. Second, per feddan 1abor requirements in the NMAPC model are

reduced in comparison with the traditional case, owing partly to the ef-

fect of mechanical plowing in reducing weeds, and also to low levels of

management applied by farmers to NMAPC plots, especially for the cotton

crop. Farmers who cu1tivate both NMAPC and private plots can distribute

labor between the two types of plots, and thus avoid bottlenecks. The

priority given to the private plots is reflected in the early planting

and Weeding schedules responsible for the first period 1abor constraint

in the traditional model. The second period 1abor constraint (November

through December) of the traditional model is extended in the NMAPC model

to include January (or even February) in order to complete the cotton

harvest. Cotton stalk uprooting in May in fact need not be constrained

if the operation is spread over a larger period (anytime from March

through May).

Due to the incorporation of capital borrowing activities in the pre-

sent NMAPC model, the MVP's of Operating capital reflect the 7 per-

cent interest cost of borrowed money. However, the need for capital to

finance the cotton picking operations is the greatest under the NMAPC

case. Borrowing occurs only in February for both categories II and III.
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Category I, which required additional operating capital early in the

season, also borrowed the largest overall sum (Ls 31.83) in June. Al-

though NMAPC extends no credit (except for mechanical ploughing) to

smallholder participants at the present, it considers credit for finance

of cotton picking operations as a top priority when credit is extended

(as contemplated) to finance participants' field operations.

Cotton Price Respgnse Analysis in the NMAPC Model

The price programming experiment carried out in Chapter V has shown

that higher than current average prices of cotton are needed to induce

traditiona1 farmers to grow the cotton crop. Average prices.per kantar .

needed for 1-2 feddans response in the traditional model were estimated

as Ls 7.0 and Ls 10.0, respectively. At the present and in the absence

of such prices, traditional farmers simply do not grow cotton. For the

NMAPC participant farmers, this option is not available. After nominal

compliance with the corporation's rule to plant designated areas with

cotton, farmers sometimes employ measures that are self-defeating.

These include low levels of husbandry given to the cotton crop with re-

sulting low yields.1 Higher cotton prices might help induce more care-

ful cu1tivation practices and hence higher yields. In this context, an

experiment designed to examine such higher yield responses to higher

prices would have been particularly relevant and illuminating. However,

data limitations prevented this approach. Instead the present NMAPC cotton

 

'A standard NMAPC practice is to withhold distributing the dura

plots for farmers until cotton plots are sown. In addition to the neglect

of cotton cu1tivation thereafter, in a number of cases, farmers plant

dura over the just sown cotton, with the latter being weeded out soon

after germination.
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productivity level was used to simulate prices needed to induce growing

of different levels of cotton (without forcing cotton in the model)

up to the three feddans level required in the model. Therefore, for the

purpose of this experiment, the three feddan cotton area restriction in

the present NMAPC model was changed from an equality constraint to a less

than or equal to constraint.

Results of this price programming experiment for the three produc-

tion categories are graphed in Figure 6.2. As can be seen from the

graphs, there are differences between the three categories in their re-

spective feddanage response to higher cotton prices. These differences,

as in the traditional model's price programming experiment, are the re-

sult of corresponding differences in their resource (mostly 1abor) avai1-

abilities. At the present average price level (Ls 3.80 per kantar), only

around one feddan is grown in category I, and around 1.5 feddan in each

of categories II and III. The initial one feddan cotton area in category

I is stable over a larger price range, as it takes a price of more than

Ls 8.20 to raise cotton area to 1.6 feddans. However, for both categories

II and III a price of Ls 7.0 increases cotton area substantially to 2.84

feddans. At the other end of the spectrum, higher prices induce less

area response ; to grow the required three feddans, a high price of Ls

11.35 is needed for category I, while a price of Ls 8.89 would suffice

for categories II and III.

As noted before, the prices simulated in this analysis represent

average prices per kantar of cotton, and as such, they need to be adjust-

ed to reflect, as the NMAPC cotton price policy maintains, differences

between cotton grades (which means a slightly higher price for category

I and a lower price for grades II and III).
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Analysis of the Future Full Scale NMAPC Model
 

The analysis of the NMAPC model is extended in this section to in-

vestigate the future full scale model. First, a brief discussion of the

features and model specification of the future full scale NMAPC model

is presented. Next, the LP results are discussed in terms of the

optimal production plans and net returns, seasonal constraints, and a

proposed alternative to the future NMAPC model.

The Future Full Scale NMAPC Model
 

The NMAPC is expected to benefit from the research now underway in

the area.1 In the analysis that follows, however, no changes in crop

yields are assumed. Changes in the NMAPC are limited to the following

features planned for future implementation:

1. Tenancy size is expanded to the 15 feddans, to be grown in a

rotation of cotton, dura, and fallow with five feddans each

(i.e., 10 feddans cu1tivated annually, equally divided between

cotton and dura).

2. A second experiment with the model allows all crops to be cu1ti-

vated, not just cotton and dura. Guided by the cotton price

ana1ysis experiments conducted earlier, the cotton price was

raised to an average of L5 10.0 per kantar for this experiment.

 

1A brief description and discussion of some of the on-going foreign

aid research projects is given in Appendix IV.



208

3. In the future, the NMAPC (as the case in most public irrigated

schemes) is expected to offer credit to its participants to

meet operating capital requirements. The present NMAPC credit

system covers only the mechanized cultivation operations. Re-

call that the present NMAPC mode1 required credit to get feas-

ible solutions. In the full scale model as before a 7 percent

interest rate is specified.

The introduction of one-third (5 feddans) fallow in the future

NMAPC rotation is aimed at better maintenance of soil conditions and

productivity over time. Since the use of chemical fertilizers is

not practiced (or contemplated), fallowing is one way of maintaining soil

fertility. Although the fixed tenancy size of 15 feddans is in line with

policy decisions in all other public schemes, Zaki [61] criticized the

fixed tenancy size standard. In discussing the problem in the context

of the Rahad irrigated project (eastern Sudan), he identified three vari-

ables affecting the tenancy size:

1. Tenant household size and composition (as both a source of labor

and as a consumption group).

2. Income from the tenancy.

3. The impact of crop mix and rotation on labor requirements and

returns to labor.

In his analysis of alternative tenancy sizes based on different schemes,

and in recognition of households heterogeneity (size and composition),

Zaki concluded that "a fixed tenancy size for each tenant is unjustifi-

able, whether in terms of the tenant's household needs or labor potentia1

supply" [61, p. 164].
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In the Nuba Mountains area, the question of desirable cultivation

size and crop composition depends on two basic considerations:

1. Productive capacity (main1y labor force) of the household.

2. Income and dura consumption requirements of the household.

Both features were incorporated in the representative LP models.

Optimum Production Plans and Net Returns

The optimum solution of the future full scale NMAPC model for the

production categories is shown in Table 6.8. A total of 234 man-days of

labor were required for the 10 feddan (equally divided) cotton and dura

cropping pattern. Inclusion of the labor intensive cotton crop (5 feddans)

in the rotation requires hiring of labor by all three categories. The

percentage of hired labor to total labor input rises from 30 percent in

category III to a high 47 percent in Category I. Labor is hired exclu-

sively during the months of August, January and May. The latter two

months correspond to cotton harvest and pest harvest (stalk uprooting)

operations, respectively. Category I needed the most operating capital,

Ls 66.79, of which Ls 38.29 had to be borrowed.

Farmer- returns under the full scale NMAPC mode1 show substantial

improvement in comparison with the current NMAPC mode1(given in Table

6.6). As can be seen from Table 6.8, total gross margins (including

the va1ue' of dura retained for household consumption) are Ls 93.77,

Ls 101.10, and Ls 124.90 for the three categories, respectively. These

returns levels, as compared to corresponding levels of the current NMAPC

mode1, represent an increase of 174 percent for category I, 118 percent

for category II, and 72 percent for category III. These increases in re-

turns are the result of expansion of cultivation size to the 10 feddan
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specified for the three production categories in the full scale NMAPC

mode1. Given the different resource availabilities (and dura consumption

requirements) of the three production categories, the NMAPC standard of

a fixed tenancy size for all participants is clearly unjustifiable. In

particular, farmers in categories II and III would benefit from a more

flexible tenancy policy that recognizes their relatively higher levels

of both 1abor resource endowments and dura consumption requirements.

Another important policy matter, related to the tenancy size impact on

participants' returns, is the required crop mix. The NMAPC rule for

minimum 50 percent cotton in the two-crop mix was shown in the previous

section to have a direct influence on returns. This was explained in the

light of the present low cotton yields achieved by farmers and the low

cotton prices offeredeby NMAPC. The relative profitability of dura and

cotton, and particularly the losses associated with cotton, are also

maintained in the full scale NMAPC model. However, in the case of the

full scale model, the expansion of the cultivation size helps to offset

some of the losses associated with the cotton component. An additional

feddan of cotton in the optimal plans of the full scale NMAPC model is

associated with losses of between Ls 1.87 to Ls 5.23 (depending on the

production category), while an additional feddan of dura earns net re-

1
turns of between Ls 10.29 and Ls 12.50. The importance of the crop

 

1This is based on the MVP's 0f the specified cropping pattern re-

strictions. See Table 6.9.
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mix, and in particular the size of the cotton component within a more

flexible cropping pattern, is investigated as an alternative to the fu-

ture full scale NMAPC model by a following experiment.

Seasonal Constrains Under the Full Scale NMAPC Model

Table 6.9 gives the shadow prices for the limiting resources under

the optimal plan of the full scale NMAPC mode1. Despite the reduced labor

requirements of the NMAPC model (see last section in Chapter IV), the

full scale NMAPC model displays basically the same two 1abor constraint

periods of the traditional model. In comparison with the latter model

results, the labor peaks are somwehat de1ayed, starting in August (and

September for category I) for the first period, and January (or December

for category I) for the second period. The month of May, as was the

case in the current NMAPC model, is also 1abor constraining for all

three production categories. This month would not be constraining if

the cotton stalk uprooting ("Al-wadi") operation could be spread over the

period March through May instead of 'delaying it to be finishedby the

'NMAPC deadline of May 3lst.

The display of the two 1abor constraint periods, more or less simi-

lar to the traditional model, in the NMAPC's full scale model has two

important implications. First, unlike the current NMAPC model situation,

where NMAPC participants who cultivate both private and NMAPC plots would

be able to distribute the work and spread labor peaks between the two

types of plots, in the full scale situation this would not be possible.

Given the priority attached -by farmers to their private plots,

cultivating both plot types under the NMAPC full scale situatiOn

would likely result in further reduced management levels (especially for
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the cotton crop) applied to NMAPC plots. Second, and more importantly,

the display of the two 1abor constraints periods in the full scale NMAPC

model indicates that the NMAPC modernization program has not significant-

ly relaxed the main constraints of the smallholder production, as revealed

by the analysis of the traditional model given in Chapter V. Although

the introduced tractor ploughing, which farmers in the area view as the

equivalent of "mechanical weeding," helps in reducing weeds and hence

weeding 1abor requirements, this is not sufficient to remove 1abor bottle-

necks associated with weeding operations. The suggestion given pre-

viously within the traditional model analysis, for the need of consider-

ing technologies which are particularly oriented towards breaking the

labor constraint, is also relevant here. In particular, the work by

Hamdoun [26] in chemical weed control has potential for relieving weeding

labor constraints. Under the Nuba Mountain conditions some research in

this area is already underway.1

An Alternative to the Full Scale Model

The preceeding analysis suggests the need for changing the standard

fixed tenancy size policy. Tenancy size should recognize the potential

labor supply of the household (especially at the two constraint periods)

and the household's dura consumption needs.

 

1The chemical weeding research is conducted presently in the area

by a chemical company (Ciba Gigey) under the supervision of Kadugli Re-

search Station.
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Another important issue is the required crop pattern. At present

the government policy of promoting cotton is at odds with smallholder

interests. To shed more light on this issue, an experiment was conducted

under the following assumptions:

1. To focus on the issue of crop mix, the 10 feddan size was kept

the same, while all crops (cotton, dura, groundnuts, and sesame)

were admitted in the determination of the optimal cropping p1ans,

with no restrictions 0n individual crop areas.

2. As before, no changes in productivity levels are assumed.

3. As before, borrowing is allowed to meet the farmers' operating

capital requirements.

4. Guided by the two cotton price programming experiments, the

price of cotton in this experiment is assumed to be an average

of Ls 10.0 per kantar.

Results of this alternative full scale NMAPC model are shown in

Table 6.10. Compared to the results of the planned full scale NMAPC mo-

del, this alternative full scale model with unrestricted cropping pattern

has several advantages from the farmer's point of view. Relative to the

planned NMAPC model, the alternative model generates much higher returns.

Percentage increases in returns for categories I, II, and III are 70 per-

cent, 76 percent, and 52 percent, respectively. The higher returns are

directly related to improved cr0p composition. The increased cotton

price has little effect (compared to freely admitting all crops) as the

areas of cotton in the solutions were all relatively small (under and

around one feddan).
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While insignificant changes occurred in the area devoted to dura

(the greatest reduction was less than three quarters of a feddan), the

cotton area was substantially reduced in all three categories despite

its increased price. Land instead was used for the more profitable and

well suited sesame crop (more than four feddans). The optimal cotton

feddanage varied across the three categories. The less resource-endowed

category I cultivates only 0.69 feddan; the area rises to 0.95 feddan

in category II and to 1.17 feddans in the most resource-endowed category

III.

The unrestricted crop mix in the alternative full scale model is

also associated with an improved resource use pattern for the three cate-

gories. Compared to the planned NMAPC model, composition and source of

labor and operating capital changed favorably (to the farmer) in the

alternative model. While total labor requirements to cultivate the 10

feddans remain_ approximately equal to that in the planned NMAPC model

(234 man-days), its composition drastically changes in favor of family

labor. Hired 1abor use under the alternative plan constituted only 18

percent, 8 percent, and 1 percent of total labor use in the three cate-

gories, respectiVely. Family labor rose from the planned NMAPC model

levels by 52 percent, 54 percent, and 43 percent, respectively. Intro-

duction of sesame into the alternative model's cropping pattern also has

an advantageous impact on operating capital and credit needs. Selling

the crop, which occurs as early as November, adds to cash resources and

reduces credit needs in the second period when other crop harvest and

post harvest activities are undertaken. Only category I resorted to

credit, borrowing 30 percent of its needed cash requirements.
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Cash availability prior to harvest time not only helps in meeting har-

vest cash requirements but also favorably affects the marketing strategies

of the smallholder. By enabling the smallholder to postpone some of his

immediate post harvest sa1es, he can benefit from the typically much

higher prices (for dura in particular) which prevail later.

To summarize, the results indicate that a more diversified cropping

pattern is of great importance. This necessitates significant changes

in the standard NMAPC two-crop rotation. NMAPC participants' returns

could be substantially improved if the cotton component of the rotation

is reduced and a third crop (sesame) introduced. The area of each crop

(especially that of cotton) should not be fixed. With respect to the

cotton crop, the results also suggest an important implication that

should be considered within the context of the previously indicated need

for changing the fixed tenancy size policy. It is more likely that the

NMAPC policy would continue to exercise the rule of designating some

specified areas for cotton in the rotation. Under such circumstances

it would be better to follow a flexible cotton area specification instead

of the present (and planned) 50 percent applied to all farmer partici-

pants. Together with the flexible tenancy size, cotton areas within

the tenancies should also be proportional to tenancy size.

Summar

In the first section of this chapter, an overview of the NMAPC and

its present performance record and institutional features is given as

a background for the NMAPC farm model analysis. Both the current
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NMAPC farm model and the contemplated full scale model situations were

analyzed. LP analysis and experiments were conducted on the following:

current NMAPC farm mode1, cotton price response under the NMAPC mode1,

future full scale NMAPC model, and an alternative to the NMAPC's full

scale model.

Results of the current NMAPC model show that 141 man-days are re-

quired to grow the specified 6 feddans, which is divided equally between

cotton and dura. However, family labor (even in the relatively well-

endowed category III) has to be supplemented by the use of hired labor;

percentage of hired labor use in the three categories was 26 percent, 15

percent and l4percent, respectively. This is the result of the require-

ment to grow three feddans of the laborious cotton crop, and the special

time distribution of agricultural operations which results from delayed

ploughing operations undertaken by the NMAPC. To pay for hired 1abor,

initial operating capital of all three production categories had to be

supplemented by borrowing. Resulting farmer returns were very low.

Total gross margin (including the value of dura retained for household

consumption) was Ls 34.24, Ls 46.37, and Ls 53.37 for the three categories,

respectively. The present small cu1tivation size and low productivity of

the two crops are in general the main reason for this. The cotton com-

ponent in the present rotation is especially unprofitable; the MVP's of

the cotton area restriction show that an additional feddan of cotton

would be associated with losses of between Ls 16.85 and Ls 12.96 (depend-

ing on the production category). Analysis of the family labor MVP's

indicates that labor in the current NMAPC model is constraining during

January and May; in January, harvest operations of both dura and

cotton are undertaken, while the labor constraint in May corresponds



220

to the laborious cotton stalk uprooting operation. In comparison with

the traditional model situation (discussed in Chapter V), the disappear-

ance of the first period's (June-August) 1abor constraint in the current

NMAPC mode1 implies that NMAPC participants can, as they usually do, dis-

tribute the work between their NMAPC plots and their private (traditiona1)

plots and thus avoid 1abor bottlenecks. Operating capital is constraining

during the second period (especially in February) when hired labor is

needed for the labor intensive cotton picking operation. The need for

credit to finance cotton picking in the NMAPC model is shown by the re-

sult that borrowing occurred only in February for both categories II and

III. Category I, which required additional operating capita1 early in

the season, also borrowed the largest overall sum (Ls 31.83) in June.

The results of cotton price programming with the NMAPC model show

that: although NMAPC requires participants to grow at least three feddans

of cotton, with the present average cotton price (Ls 3.80 per kantar) and

the restriction to grow cotton in the NMAPC model lifted, only around one

feddan is grown in category I, and around 1.5 feddan in each of categories

II and III. The initial one feddan cotton area in category I is stable

over a largerprice range, as it takes a price of more than Ls 8.20 to

raise cotton area to 1.6 feddans. However, for both categories II and III

a price of Ls 7.00 increases cotton area substantially to 2.84 feddans.

At the other end of the spectrum, higher prices induce less area responses;

to grow the required three feddans, a high price of Ls 11.35 is needed

for category I, while a price of Ls 8.89 would suffice for categories II

and III. The differences between the three categories in their respective
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feddanage response to higher cotton prices are the result of correspond-

ing differences in their resource (mostly 1abor) availabilities.

Results of the future full scale NMAPC model show that as the cul-

tivation size is increased to the planned 10 feddans (also divided

equally between cotton and dura), a total of 234 man-days of labor were

required. A significant share of the total labor input was hired; the

percentage of hired labor use was 30 percent in category III and rose

to a high of 47 percent in category 1. Labor was hired exclusively

during the months of August, January, and May. Resulting farmer returns

under the full scale NMAPC model showed substantial improvement in compari-

son with the current NMAPC mode1. Total gross margins (including the

value of dura retained for household consumption) were Ls 93.77, Ls 101.10

and Ls 124.90 for the three categories, respectively. The increased re-

turns were the result of the expansion of cultivation size to the 10 fed-

dans. Analysis of the MVP's of family labor showed that labor is con-

straining during August (and September for category I) in the first

period, during January (or December for category I) in the second period.

In addition, the month of May, as was the case in the current NMAPC model,

is also 1abor constraining for all three production categories. This

display of the two labor constraint periods, more or less similar to the

traditional model case (discussed in Chapter V), has two important impli-

cations: first, unlike the current NMAPC model situation, where NMAPC

participants can distribute labor between their privately (traditional)

held plots and NMAPC plots and thus avoid bottlenecks, in the NMAPC full

scale model situation this is not possible, second, despite the effect

of tractor ploughing in reducing weeds and hence weeding 1abor
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requirements under the NMAPC model, this is not sufficient to remove the

labor bottleneck associated with weeding. As in the current NMAPC model,

operating capital in the full scale model is also most constraining in

the second period (February in particular), indicating an evens greater

need (due to increase of cotton area) for credit to finance the cotton

picking operation.

The results of the alternative full scale NMAPC model demonstrated

the importance of the crop mix. Although the preceeding ana1ysis indi-

cated the need to change the fixed tenancy size (based on recognition

of differences among households in labor supply and dura consumption

needs), cultivation size was kept the same as in the full scale NMAPC

model to focus particularly on the crop mix issue. In this experiment,

a11 crops were allowed (with no individual crop area restriction) and the

cotton price was raised to Ls 10.00 per kantar (as suggested by the re-

sults of the two cotton price programming experiments conducted ear1ier).

Results of this experiment showed that this alternative full scale model

with unrestricted cropping pattern has several advantages over the plan-

ned full scale NMAPC model, when judged from the farmer's point of view.

Relative to the planned full scale model, the alternative model generated

much higher returns; an increase of 70 percent, 76 percent, and 52 per-

cent for the three categories, respectively. The resulting cropping

pattern showed little changes in dura area while the area of cotton fell

substantially (despite the increase in its price) in all three categories,

being replaced by the more profitable sesame crop. Optimal cotton

feddanage was 0.69 feddan in category I, 0.95 feddan in category II, and

1.17 feddan in category III. The results also showed that the composition
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and source of labor and operating capital resources changed favorably

(to the farmer) in the alternative model. Hhile total labor requirements

to cultivate the. 10 feddans remained approximately equal to that in the

planned NMAPC model (234 man-days), hired labor constituted only 18 per-

cent, 8 percent, and 1 percent of total labor use in the three categories,

respectively. Inclusion of sesame into the alternative model's cropping

pattern showed an advantageous impact (through sales of sesame that occur

as early as November) in operating capital and credit needs, especially

in the second period. Only category I resorted to credit,borrowing 30

percent of its needed cash requirements.

The results also suggested an important implication to be considered

in connection with the tenancy size and cr0p mix policy issues. To tie

the two issues together, and under the likely circumstances of continua-

tion of NMAPC's policy of designating cotton areas in its participants

rotation, designated cotton areas should be the smallest in small tenancy

sizes and proportionally larger in the relatively largest tenancy sizes.



CHAPTER VII

SUMMARY, POLICY IMPLICATIONS, LIMITATIONS

AND SUGGESTIONS FOR FUTURE RESEARCH

inseam.

The focus of this study is on the rainfed crop production systems

of smallholders in the Nuba Mountains area of Western Sudan. The two

smallholder systems in the area--traditiona1 farming, and NMAPC moderni-

zation schemes--were considered in this study. The objectives of this

study were: to identify the present input-output relations and constraints

of the two smallholder systems; and to assess the impact ofcertain

policies and/0r management alternatives aimed at improving the perfor-

mance of the two smallholder systems.

The general research approach employed representative farm models

to focus on the production system at the farm level. Primary data were

generated from two field surveys carried out in the study area. The FAO

survey (1978/79) data were combined with the data from the researcher's

survey (1979/80) to provide the descriptive analysis of the smallholders'

environment and production practices. Building on this foundation, the

approach utilized descriptive statistics to derive three representative

production categories mainly on the basis of farm size. Each of the

three farm size categories were then represented separately (as sub-mode1s)

in each of the two (traditional and NMAPC) production models constructed.

224
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Linear programming was used to model the two production systems of

the smallholders. In both models (and sub-models) the objective function

was to maximize net farm income subject to satisfaction of household

dura (sorghum) consumption requirements. This specification, which is

based on empirical grounds, has been used in a number of other similar

studies. To account for seasonality in the production process, in both

models the activities and resources were disaggregated by monthly periods.

The traditional and NMAPC farm models differ from each other in activities,

constraints, and input-output coefficients. In particular the NMAPC model

incorporated features that are unique to NMAPC, including mechanized

cultivation activities, a specified 1and size, and individual crop area

restrictions.) The basic traditional and NMAPC models were modified in

the course of analysis to perform additional experiments. The results

of the basic production p1ans was used as departure points for the experi-

ments that followed. The experiments conducted with the traditional

model were: hypothesized rainfa11-induced yield variability experiment,

credit and land expansion experiment, p1anting time experiment, credit

with p1anting time experiment, and cotton price variation experiment.

Analysis of the NMAPC model included: current NMAPC farm model, cotton

price response under the NMAPC model, future full-sca1e NMAPC model, and

a proposed alternative to the NMAPC's fu11-scale mode1.

Major findings and conclusions drawn from the linear programming

analysis of the two smallholder farm systems were:

Traditiona1 Smallholder Farming A

1. The cropping pattern of the smallholder is dominated by dura

and includes a small percentage of sesame. Groundnuts and
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especially cotton are less profitable. The net returns and re-

source productivities of smallholder farming are very low.

These low returns are the result of low productivities of both

land and labor, resulting from low crop yields and seasonal

1abor constraints, which limit the farmer's ability to increase

area cultivated or yields through better (labor intensive)

management.

Labor is the basic limiting resource in the smallholder produc-

tion. While operating capital is also limiting, this indicates

an indirect 1abor constraint, since labor is the basic resource

operating capital is expended on. Land is not limiting. Family

labor is limiting mainly in two periods: the first (June

through August) is when weeding takes place, the second (Novem-

ber through December) corresponds to harvest and crop disposal.

The family labor MVP's in these two periods are positive and

high in comparison with the corresponding hired 1abor wage rates.

While drastic rainfall reductions that result in complete crop

failures are rare in the area, rainfall level changes and hence

yield level changes have a significant effect on the smallholder

returns; a given drop in yield leads to a proportionally greater

drop in returns.

Short-term credit can help smallholders hire labor, and thus

area cultivated and net returns. Credit is needed mainly in

the first period (June-August), when the smallholders generally

require not only production credit, but also consumption credit

to see them through harvest. Operating capital requirements of
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the second period (November-December) can be financed, as

farmers normally do, through initial crop sales. In this con-

text, the inclusion of early maturing crops (sesame is an ex-

ample) in the smallholder's cropping pattern is particularly

important and useful.

Despite the high physical yields associated with early p1anting,

smallholders typically grow 1ate p1anted crops. This result

arises from the stringent time requirements of early p1anting

given the already limiting seasona1 labor availabilities of

the smallholder. Nonetheless, smallholders make use of the

high yields of early planting to the extent that their resources

allow. In this context, credit use to hire labor and hence to

increase the percentage of early p1anted crops, significantly

increases the smallholders' returns.

Although a cotton price slightly higher than the current average

(around L5 4.0 per kantar) could induce the smallholder to grow

the crop, his resulting area response is likely to be small

(less than a feddan). To induce larger area responses (1-2

feddans) much higher prices (Ls 7.0-Ls 10.0) are needed.

NMAPC Modernization Schemes

1. In cultivating the current average NMAPC plot (six feddans di-

vided equally between cotton and dura), the tenants need to

supplement their family labor (by 14 to 26 percent) through the

use of hired labor. This situation, idespite the relatively

small cultivation size and total labor requirements of the plan,

is due first to the requirement to grow three feddans of the
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laborious cotton crop, and second to the special time distribu-

tion of agricultural operations which results from delayed me-

chanical plowing undertaken by the NMAPC. Participant returns

are extremely low in comparison to returns on public irrigated

schemes. The present small cultivation size and the low produc-

tivity of the two crops are in general the main reasons behind

the low returns. The cotton component in the present cropping

plan is especially unprofitable. Whereas farmers are required

to grow at least three feddans of cotton, it was revealed that

at the current average price of cotton (around Ls 3.80 per kan-

tar), a much smaller area (one to one and a half feddans) would

be optimal. The minimum required three feddans of cotton is

achieved only under much higher prices (around Ls 9.0 to Ls

11.0).

For the current NMAPC participants, family labor is constraining

during the months of January and May; harvest operations of both

dura and cotton are undertaken in January, while the labor con-

straint in May corresponds to the labor-intensive cotton stalk

uprooting operation. Participants' operating capital resources

are constraining in the harvest period when they require addi-

tional capital especially to finance cotton picking operations.

The expansion of NMAPC tenancy size to the contemplated 15 fed-

dan level (to be grown in a three-course rotation with 5 feddans

under each of cotton, dura, and fallow) can be expected to in-

crease participants' returns by more than double in comparison

with their present returns. However, the increase in the annual
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cropping size to 10 feddans can also be expected to intensify

the participants' labor and operating capital bottlenecks.

Despite the effect of mechanized cultivation in reducing weeds

and hence weeding labor requirements, NMAPC participants exper-

ience the same two labor constraint periods as traditional

farmers, although the weeding labor constraint period is some-

what delayed (to September). This would also be true for the

10 feddan tenancy size.

An unrestricted crop mix would be highly advantageous to NMAPC

' participants, improving participants' returns significantly (by

around 50 to 75 percent) over the NMAPC standard crop mix of

5 feddans to each cotton and dura, Dura feddanage would be

minimally affected, while that of cotton would be substantially

reduced and a third ear1y maturing crop, sesame, would be intro-

duced. With respect to cotton in particular, small areas would

be grown by households with small labor resources, while rela-

tively larger areas could be grown by the more labor-endowed

households. Although the total labor requirements of the stan-

dard and the alternative crop mixes would be approximately the

same, to the smallholder participant the alternative favorably

changes the composition and source of the needed labor and oper-

ating capital resources. In this alternative crop mix, a smaller

share of the total labor required would be supplied by hired

labor (only 1 to 18 percent); operating capital requirements

would be reduced (through reduction of hired labor), and also

made available to finance the second period requirements (through

sales of the early maturing crop).
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Policy Implications

The policy implications derived from the above conclusions are

limited by the data reliability, assumptions made, and the analytic ap-

proach used. Nonetheless, the study has suggested the likely economic

effects of certain important existing, proposed and needed policies.

With respect to the broad goal of developing traditional agriculture,

the government should maintain a long-term perspective. Traditional

farming exhibits low productivities and returns due to low crop yields

and seasonal labor constraints. Neither of these two conditions is

likely to be radically changed through a single short-term program.

Rather, a long-term dynamic process of applied research and development

is needed. In the Nuba Mountains area, a number of domestic and foreign

research projects and activities are currently being undertaken.

Within the long-term goal perspective, the general policy priorities

should emphasize:

1. Development of better suited crop varieties. In addition to

high yields, drought resistance and time of maturity are espec-

ially important.

2. A greater research effort in management and agronomy of small-

holder crops.

3. Research and development of technologies with the potential of

relaxing smallholder labor constraints. The weeding period con-

straint is the most critical.

4. Recognition by research and development programs of the total

system of smallholder production. Incorporating the smallholder's

perspective especia11y requires changes in the present single

crop/resource research orientation.
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Specific policy issues and implications of present concern in re-

gard to the two smallholder farming systems in the Nuba Mountains area,

include:

Traditiona1 Farming

1. Smallholders suffer from inadequate operating capital and lack

access to formal sources of credit. Through short-term credit

they can augment their resources and hence improve their farm-

ing returns through expanding the cropping area and/or increas-

ing yields per unit area. Cooperatives may play an important

role in this area; other studies in the area suggest that co-

operatives can reduce the high cost of extending credit to

smallholders, reduce collateral and security requirements, and

reach a large number of small farmers.

The unprofitability of cotton to the smallholders, as is well

recognized at the present, is the main factor in the decline of

cotton area and yields in traditional farming. The cotton

pricing policy should aim at a more rewarding farm-1eve1 price.

Price increases greater than those contemplated by the govern-

ment would likely be needed if cotton areas in traditional

farms are to be increased.

NMAPC Modernization Schemes

1. There is a clear need to change the fixed tenancy size policy.

The policy should allow a flexible tenancy size based on the

household's potentia1 labor supply (especially in meeting sea-

sonal 1abor constraints), and income and consumption require-

ments.
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2. The policy towards cr0p mix is especially important under the

Nuba Mountains conditions. The NMAPC should reduce the 50 per-

cent minimum share of cotton and introduce sesame as a third

crop into the rotation. Furthen.the NMAPC should tie the ten-

ancy size and crop mix issues together. If the NMAPC continues

to designate cotton areas in its participants' rotation, the de-

signated cotton areas should be smallest in the small tenancy

sizes, and proportionally larger in the relatively largest

tenancy size.

3. NMAPC should consider extending credit to participants to fi-

nance critical agricultural operations.

4. The potential of mechanized cultivation undertaken by the NMAPC

appears to be inhibited at the present by many technical and

organizational problems. The NMAPC should strengthen the ef-

forts being taken to improve the service.

Limitations and Suggestions for Future Research

The study covered only a one-year crop cycle and is limited as such

by the static scope of the approach used, whereas the smallholder pro-

duction system operates in a dynamic environment. Moreover, smallholder

production systems in the area are expected to undergo a number of sig-

nificant changes in the near future. At present, many domestic and

foreign aid research projects and activities of direct impact on small-

holder farming are underway or contemplated for the near future in the

Nuba Mountains area. Therefore, to account for the limitations of the

production models, and to incorporate emerging changes, it is suggested
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that the production models used in this study be modified and improved

upon in other studies in the future. Such studies should benefit from

the following modifications:

1. The horizon of the model should be extended to cover at least

one cultivation cycle of the land (around 5 years). This would

be useful in studying the differences in production and manage-

ment levels and the interaction between successive years of

cultivation. A multi-period linear programming model would be

well suited to incorporate this important dynamic feature of

production.

A better treatment, if necessary data is made available, would

explicitly incorporate stochastic crop yields, possibly through

a simulation component linked to the production model.

If necessary data becomes available, it would be highly advan-

tageous to include more management factors and to represent .

them as separate activities in such a way as to better under-

stand the critical features and constraints of the smallholder

production system.

When data is made available from the current research activities

on new crops, techniques, and technologies, the model should

incorporate these changes.

In addition to the above suggestions for the production compo-

nent, it should be useful to include other household activities.

Off-farm activities, nonfood consumption, and livestock invest-

ment/disinvestment activities are some of the important areas.
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Other studies would very much complement smallholder production

studies. In particular, a study oriented towards the marketing strategies

and problems of the smallholders is needed. A study with a macro (re-

gional) perspective is also needed to investigate and establish a macro

view of the use and potential of the regional resources in the different

sub-sectors of agriculture.
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MAPS OF SUDAN AND SOUTH KORDOFAN PROVINCE
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CHAPTER V's PLANTING TIME EXPERIMENTS:

RESEARCH EXPERIMENTS AND DATA

The material in this appendix describes research experiments and re-

commendations for the planting time of the major four crops (cotton, dura,

sesame, and groundnuts) considered in this study. Recommended plant-

ing times and percentage yie1d reductions associated with selected

de1ayed planting schedules, as represented in the Chapter V's planting

time experiments, are deduced from the experimental results discussed

below. In addition, weeding times and rates are also described. The

results discussed below are from experiments carried out at Kadugli

Research Station located in the Nuba Mountains area, and at Kenana

Research Station located in the central eastern Savana region of the

Sudan.

Time of Plantigg

1. Cotton

The p1anting time for cotton is critical and as noted by a Kadugli

Research Station report [6]:

Sowing cotton too early might be risky. Bolls on too

early sowings would perhaps open before the end of the

rainy season and the produce is thus liable to be of

low quality (exposure to rains). Too late sowing might

experience unfavorable moisture conditions when rains

stop, and might not reach maturity.
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Table II.1 shows the results of some cotton planting time experi-

ments carried out at Kadugli Research Station. The July lst sowing date

treatment significantly (P=.001) outyielded other sowing dates treatments

for all three seasons. The acreage yie1d reductions from July lst

level were 37 percent for July 15th, and 65 percent for August 1st. 0n

the basis of these results the following assumptions were adopted:

1. Farmers would grow the recommended cotton variety ALDAR A(57)12.

2. Optimum cotton planting time is July lst.

3. P1anting in July 15 and August lst reduces optimum yie1d levels

by one 33 percent and 66 percent, respectively.

2. Dura

The planting time of dura has a prime influence on dura grain yields.

Tables 11.2 and II.3 show the results of some sowing dates experiments.

The 1979 annual report of Kadugli Research Station [6] concluded that:

l. Delaying dura sowing dates after mid-time results in a progres-

sive decrease in yields of a magnitude parallel to the time of

the delay.

2. T.U.B. (G. Hamam, ear1y maturing variety) is more adaptable to

Kadugli conditions.

3. Decrease in yield can be explained by plants having less time

for vegetative growth, 1ess plant establishments, and less seed

filling and vigour.

On the basis of these results the following assumptions were adopted:

1. Optimum dura planting time is mid-June to early July.

2. Planting in July 15th and August lst reduces optimum yie1d

levels by 33 percent and 66 percent.respectively.

3. Farmers would grow the short-maturing variety T.U.B. (G. Hamam).
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Table 11.2 Dura Sowing Date Experiment, Kadug1i and Habila (1979/80)

Grain Yie1d (kg/feddan)

 

  

 

Kadugl 1" _ Habilab

Top ' Topc

Sowing Dates Grain Yie1d Rank Grain Yie1d Rank

Mid—June 1237 1

Mid-July 1005 2

Early June 1003 2

Early July 628 3

Mid-August ' 497 4 560 3

Mid-July 383 5 685 1

Early September ' 450 5 278 4

Mid-September 409 7 173 5

Early August 374 8 685 2

 

Source: Kadug1i Research Station [6]

aKadugli: Early sowing was highly significant. Reduction in yield

from early July were: 39 percent for mid-July, and 40 percent for early

August.

bHabila: Trend was the same as in Kadugli but less pronounced be-

cause earlier dates were not tested. Reduction in yield from mid-July

were: 0 percent for early August, 18 percent for mid-August and 60 per-

cent for early September.

cT.U.B. (early-maturing) consistently outyielded DABAR (medium-

maturing).
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3. Sesame

The sesame crop has received less husbandry research at Kadugli

Research Station. Results from a 1974/75 sowing date and seed rate

experiment are given in Table 11.4. Due to these results the Kadug1i

Research Station report [6] indicated that because of its short-growing

season (90-110 days), sesame is less susceptible to delays in the

planting time. For sesame, the following assumptions are adopted:

1. Farmers would grow short-maturing variety Herahiri.

2. Optimum p1anting date is mid-June to early July.

3. P1anting in July 15th and AOgust lst reduces optimum yie1d

levels by 5 percent and 10 percent, respectively.

4. Groundnuts

The effect of sowing date on groundnut yields is shown in the

results of an experiment carried out at Kenana Research Station given

in Table II.5. The Kenana Research report [7] concludes:

The outstanding feature of the results, which was also

reported in the first year of this experiment (1963/64),

was the extremely sharp drop in top yield by more than

50%, as a result of mere 14 days delay in sowing from

July 6th. Delayed sowing depressed pod yield to an

even greater extent than top yie1d.

For groundnuts, the following aSsumptions were adopted:

1. Farmers would grow either the local variety or "Barberton."

2. Optimum planting date is July 6th.

3. P1anting in July 15th and August lst reduces optimum yields

by 33 percent and 66 percent, respectively.
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Time and Rates of Weeding

To achieve optimum crop yields not only the planting time.but also

other subsequent weeding operations must be performed in time. The op-

timum number of weedings and weeding times for the four crops considered

is briefly described below.

1. Cotton

Optimal weeding times and rates for weeding cotton are shown by

the experiments carried out in Kenana Research Station, given in Table

II.6. The Kenana Research work [7] concluded that two weeding opera-

tions to be speced 15 and 30 days from planting, are required for cotton.

This recommendation is adopted as an assumption for Chapter V's planting

time experiment.

2. Dura

The research work in Kadugli Research Station [6] has shown that:

l. Dura needs one weeding as early as possible (15 days) during

crop establishment.

2. Progressive decrease in yield is expected with delayed weedings.

The further the delay, the greater the decrease.

3. Delayed weeding decrease yield irrespective of the number of

weedings.

_These results have been substantiated by work from Kenana Research

Station as shown in Table II.7. We adopt the assumption that dura needs

only one weeding, two weeks from p1anting.

3. Sesame and Groundnuts

No experimental work was available on the number of weedings and

times for these two crops. We adopt the assumption that two weedings

are required for sesame and groundnuts, at 15 and 30 days from p1anting.
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Other Agricultural Operations

Harvest operations are to be carried out promptly according to the

crops maturity periods. Delayed harvest, especially for sesame, results

in substantial losses, as the crop is dehiscent (opening of pods) and

quickly shatters the seeds upon maturation.
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APPENDIX III

ARTICLE 10 or THE BASIC NMAPC CHARTER:

THE JOINT ACCOUNT SYSTEM1

The Joint Account

The corporation (NMAPC) should establish a special account (joint

account) to be credited by:

1. The total returns from cotton produced in the Nuba Mountains

area. This includes returns of cotton fibers, seeds, skarto,

etc.

The total returns from any other crop that the operating cor-

poration (NMAPC) may decide to include in the joint account

system.

The value of any sold machinery, equipment, or materials which

have been bought from joint account funds.

The value of fines.or compensations,collected for any damages

inflicted on the cotton crop or any other crop included in the

joint account system.

The corporation (NMAPC) joint account is to be debited by:

 

1Translated from the Arabic text given in E1 hag [22],“NMAPC and

the Development of Traditional Agricu1ture: A background review cotton

growing and Agricultural Development." Presented in Agricultural Moder-

nization Seminar, Kadugli, 1979.
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1. The total costs incurred in sunning and sterilization of cotton

seeds, spraying of the cotton crop by insecticides, or cotton

protection from pests by any other means.1

2. The total costs of cotton packing materials (sacks, strings,

etc.).

3. The total costs incurred in establishing cotton local markets,

collection, storage and transport.

4. The total costs incurred in cotton ginning, packing and trans-

port.

5. The total costs incurred in storing cotton seeds for any period,

as might be necessary.

6. The total costs of any other expenditure incurred in cotton

collection, processing.and disposal.2

7. The total costs of opening and maintaining cotton roads.3

Division of Cotton Net Returns

Cotton net returns (after deduction of the joint-account costs) are

to be divided according to the following sharing formula:4

 

1Mainly includes the costs of the cotton stainer-bug campaign under-

taken by the NMAPC.

2 . ‘. .

Includes such as labor wages, 1nsurance and sales comm15510ns.

3Cotton roads are the roads opened in the different localities in

the Nuba Mountains area which are intended to aid in cotton collection

and transport to gins.

4In case of Abu Habil irrigated scheme, cotton net returns are to

be shared 50 percent for NMAPC and 50 percent for the scheme farmers.
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NMAPC 15.5%

Tenant Reserve Fund 2.0%

Farmers 78.5%

Social Services Fund 2.0%

People's Local Government 3.0%

Payment of the Farmers' Share

The farmers should be paid as soon as they deliver cotton to the

collection centers. Initial payment to farmers should be according to

the rates (prices) recommended by the NMAPC administration committee and

approved by the board of directors of the Public Corporation for Agri-

cultural Production (PCAP). The resulting surplus (deficit) arising from

the initial payment to farmers and the final actual farmers' Share (78.5

percent of cotton net returns) should be deposited (subtracted) to the

Tenant Reserve Fund.

Division of the NMAPC Share

From the 15.5 percent share of NMAPC, the NMAPC shou1d deduct all

total expenditure (use funds and special allocations funds) which have

been approved in the fiscal year (in which cotton was produced) budget.

Any remaining surplus should be divided as follows:

PCAP 85%

NMAPC Reserve Fund 15%
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Agricultural Season Account

At the end of any season, the corporation (NMAPC) should establish

a separate account for the season. The corporation should close the

farmers' account and pay their final share for the season not later than

June 30th of the next year.1

Farmers' Debits to NMAPC

If the farmers' share in any one season is not sufficient to cover

their debits to NMAPC, the NMAPC may transfer and subtract the remaining

debits from the farmers' share for the next,or any other, season.

 

1This is in case more than 80 percent of the season's cotton crop

has been sold.
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APPENDIX IV

FOREIGN-AID RESEARCH PROJECTS IN THE NUBA MOUNTAINS:

OBJECTIVES AND RELATION TO SMALLHOLDER AND NMAPC AGRICULTURE

In the 1970's a number of foreign-aid research projects have

been initiated in the Nuba Mountains area. Among these, the three major

projects targeted at the smallholder farming and/or NMAPC schemes are:

the European Development Fund (EDF) Project, the West German Technical

Aid (GTZ) Project, and the British Overseas Development Administration

(ODA) Project. The following is a brief description of their objectives

and contemplated activities.

EDF: Nuba Mountains Rural Development Project

The project was prepared and is being sponsored and implemented by

the French Technical Consultants (SATEC). This project is conceived as

an agricultural extension and rural development program designed to im-

prove agricultural production with special emphasis on the introduction

of animal-drawn farming equipment. As held by SATEC, the introduction

of animal-drawn equipment and techniques has the following main advan-

tages: (1) reduces the demand for, and increases the returns to labor

(2) creates more rapid agricultural operations; (3) enables farmers to

plant on or close to the optimum p1anting dates; (4) saves the farmer

money because animal-drawn equipment is cheap compared with tractors; and

(5) gives the farmer full control over the timing of farming operations.
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After the testing anddemonstration phases of the project implemen-

tation, the animal-drawn farming techniques are to be introduced into

both NMAPC and traditional agriculture. The proposed format is as follows:

1. Five development schemes are to be established in connection

with the NMAPC schemes (one at Kadugli and four in other field

stations). An initial cultivation size of 16 feddans per farmer

is proposed. As farmers get more experience and skill with

animal-drawn techniques, the cultivation size is to be gradually

‘increased up to 26 feddans per farmer.

2. For the traditional cultivation areas, the aim is to establish

two development units in areas of light soils. An 18 feddans

cultivation size per farmer is proposed to be managed in a

three-course rotation (dura, sesame, and groundnuts).

At present, testing of equipment and techniques is the main activity

being undertaken. Preliminary test reports have identified a number of

technical and equipment problems. The 1979 testing program report [42]

concluded with respect to land preparation that:

It will require a few years of trials on the testing

farm to work out a cost/benefit comparison between

ploughing costs and yie1d-cum-income increases. For

the immediate future, thus, ploughing could only be

recommended to rich farmers who can bear the risk of

unconfirmed test [42, p. iii].

The 1979 weeding test results indicated technical problems especially

on the clay and "gardened" soils. Weeding in light soils, however, was re-

ported to pose no problems.
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GT2: Pilot Project and Nuba Mountains Region Meeterplan'for Rural

Development

The GTZ project was prepared and is being implemented by the West

German engineering consultants Agrar and Hydrotechnik Gmbh (AHT). The

project proposes a comprehensive rural development program. A pilot pro-

ject for developing smallholder agriculture is to be linked and supported

by a masterplan aiming at improvements of key sub-sectors (animal husband-

ry, agro-industries, infrastructure, etc.) in the region. The objectives

and assumptions of the pilot project, as identified by the GTZ main re-

port [43] are:

The proposals, designed to overcome the present

deficiencies in the agricultural systems in the

Masterplan Area, have to aim at an increase of

agricultural production in general as well as at

a higher income per farming family. The increase

of production and income can be achieved through:

- increasing the size of farm holdings.

- increasing the yields per feddan through

using improved seeds and crop maintenance.

- increasing both the above through the in-

troduction of capita1-intensive methods

(mechanized soi1 preparation and sowing),

[43, p. 65].

Proposed specific measures and detailed strategy of the GTZ project

include:

1. Expansion of rainfed mechanized crop production on individual

smallholder farms, with some of these farms also including an

integrated livestock component.

2. Improvement of crop yields through crop diversification, and

the introduction of high yielding, drought-resistant,varieties

of crops.

3. Introduction of a legume into the crop rotation to serve both

as a fodder crop and in maintenance of soil fertility.
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Creation of an agricultural machinery pool.

Establishment of range management practices.

Development of agricultural research programs and on-farm

trials to test proposed changes in the existing farming activi-

ties and cultivation practices.

Organization of seed multiplication, inspection, certification

and distribution.

Encouragement of farmers' agricultural cooperatives.

Increased effectiveness of the present agricultural extension

serviCes.

Development of an efficient marketing system for all agricultural

products, including adequate storage facilities.

Improvement of transport and communication facilities.

Improvement of the supply and quality of both surface and ground-

water to secure all-year-round provision of drinking water.

Establishment of better education and health facilities.

At present, however, only limited machinery testing is being carried

out under the project. The proposed institutional and organizational set-

up is similar to that of NMAPC, a point considered by AHT to be useful

when actual implementation of the project is undertaken:

It would be conceivable to make the implementation

of both the Masterplan and the Pilot Project the

responsibility of the Nuba Mountains Agricultural

Corporation,....Basically this program could be

interpreted as an especially intensive NMAPC scheme,

and it is probable that farmers also see it as such,

[43, p. 99].
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ODA: Mechanization and Rural Planning Unit Projects

Since its conception, the British ODA program has evolved into two

separate projects:] an agricultural mechanization project for the NMAPC

and a rural planting unit project.

The Mechanization Project for NMAPC

Originally, all components of the ODA's project were directed towards

the NMAPC, which was then expected to assume the responsibility of an

overall development authority for South Kordofan Province. Later, as

NMAPC did not assume this function, ODA decided to focus its program for

the NMAPC by strengthening NMAPC mechanization activities. Main com-

ponents of this program are:

1. Training of tractor operators and mechanics.

2. Strengthening or workshop facilities. This includes provision

of specialized equipment to the major workshop at Kadugli,

and three mobile workshops to aid maintenance at fie1d schemes.

3. Testing of alternative mechanized cultivation techniques.

4. Evaluating a selected range of appropriate new machines and

implements.

This component of the ODA project was delayed and is expected to

start in the season 1980/81.

Rural Planning Unit (RPU) Project

As indicated above, this project was originally intended to be im-

plemented within NMAPC, with the aim of aiding the Government of Sudan in

 

1A third component (an oil milling study) was part of the initial

00A plans but was subsequently abandoned [38].
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planning, monitoring, and promoting agricultural development in South

Kordofan Province. At present, the project is operating as a separate

entity and is being implemented by the British consultants Hunting Tech-

nical Services (HTS). The aim of the project is to establish a Rural

' Planning Unit, and during the first three years the principal objectives

of the RPU, as indicated in HTS [38] would be to:

a) Train Sudanese counterpart staff to fill the

specialist posts in the unit and leave behind

an effective rural planning capability.

b) Collect and collate all available agricultural,

human and physical resource data and to establish

an agricultural data bank for the area. Gaps in

data essential for planning would be identified

and either surveys mounted from within the RUP

resources or recommendations made for specific

studies, to make good these deficiencies.

c) Prepare an agricultural development plan for

South Kordofan [38, p. 2]

This component of the ODA project is currently underway. Completion

of its first phase has resulted in drafting an indicative development

plan [38] for South Kordofan Province central districts. The second and

third phases are expected to be completed by 1983.
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