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ABSTRACT 

This study addresses the issue of soil fertility maintenance in 

relation to crop yield and farm income growth in general in the west 

African semi-arid tropics. It describes the structural and the input

output characteristics of food crop production and soil fertility 

management inside a typical village of southern Upper-Volta and then 

proceeds to infer from cross-section variations the relationships among 

the existing soil fertility management practices, soil fertility, crop 

yields, farm income, resource productivities and the average intensity 

of land utilization. These inferences ar~ used to identify the techni

cal changes as well as the input and output substitutions that charac

terize the adjustment mechanism of the cropping system vis-a-vis land 

use intensification. The technical, social and economic factors that 

explain and co~strain the maintenance and the improvement of soil fer

tility and thereby limit the growth and the development of the cropping 

system are pointed out together with the types of agricultural research 

orientations and rural development policy actions. that are most needed 

to effectively and efficiently relax the major constraints. 

The cropping system has been shown to be composed of five soil

crop management rings, with'varying intensities of land utilization, 

that conceptually surround the household's habitat. Physical measures 

of soil fertility suggested that the cropping system more or less main

tains or improves the chemical fertility of soils on upland but fails 

xix 



to do so on lowland. However, on upland and over the long term, an 

intensification of cUltivation may have some adverse effects on the 

physical statu5 of the soil and lead to a decline in field capacity. 

xx 

Statistical measures of yields, farm income and resource produc

tivities following the intensity of land use scale suggested that an 

increase in the intensity of land utilization caused by an increasing 

demand for arable lands has no adverse effect on crop yields, farm income 

and resource productivities. This is made possible by the adjustment 

mechanism of the cropping system vis-a-vis land use intensification. 

The main feature of the adjustment process is besides out-migration, a 

substitution of red sorghum for millet and white sorghum, accompanied by 

a substitution of mineral and organic fertilizers for fallow. 



CHAPTER 1 

INTRODUCTION: THE PROBLEM, 
THE THEORETICAL PERSPECTIVE, 

THE APPROACH, AND THE OBJECTIVES 

This study focuses on the issue of rural soil fertility 

management in the West African semi-arid tropics l (WASAT) and 

examines~ in the specific case of Upper Volta, the relationships 

among the current soil fertility management practices, the 

productivity and the growth of typical farming systems in the reg;on2. 

The Problem 

Over 80 percent of the population in the WASAT region live in 

the countryside in the areas most suitable for agriculture and 

livestock enterprises (World Bank, 1982; Eicher and Baker, 1982). 

Over 80 percent of the rural population is composed of sedentary 

farmers whose livelihood depends almost entirely on a rainfed 

lThe semi-arid tropics are defined by Troll (1966) as areas where 
precipitation exceeds potential evapotranspiration for two to seven 
months of the year. The corresponding mean annual precipitation in 
West Africa ;s approximately 250-1,300 mm (Charreau, 1975). 

2A system is any set of interrelated elements or components that 
interact to determine an outcome such as goods and services in 
the case of production and economic systems. In the same way, 
a farming system is a set of interrelated elelnents or components 
that interact to determine agricultural crop and livestock 
products. The two major components of the farming system are 
the cropping subsystem and the livestock subsystem. 

1 
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agriculture. They live mostly in the south, in savannah areas 

where the rainfall is most favorable for crop enterprises, on less 

than one-third of the land in the region. The remaining 20 percent 

are seminomadic and nomadic pastoral populations composed 

predominantly of the Peuhl or Fulani herd$men who live mostly in the 

northern part of the region where some of them grow crops 

around their habitats during the rainy season (Peron and Zalachin, 

1975; Eddy, 1979; Delgado, 1979). They tarnshume with 

their herds toward the south during the dry season in search of 

forage. Seasonal migrations also occur, especially during 

the dry season, among the youth of the agricultural and pastoral 

populations, toward urban areas in the region and toward 

agricultural and urban areas in the coastal countries in search of 

jobs (Dupire, 1960; Dahl ~nd Hjort, 1979; Lewis, 1975; 

Boutillier et al., 1977). 

The urban population as well as most of the pastoral popu-

lation rely heavily on the crops grown by the sedentary 

farmers for their food. The rainfall pattern in the southern region, 

which is the most suited to agriculture, is rather marginal. 

The average annual precipitation lies between 500 mm and 1,250 mm as 

shown in Figure 1, and generally declines with a higher 

irregularity from the south to the north. The soils are predominantly 

sandy and gravelly ferruginous soils considered to have 

a low agricultural quality mostly because of 
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their low organic matter content (less than one percent in 

general). The organic matter content of the soil generally 

declines also from the south to the north (Charreau, 1974; 

Boulet, 1976). Millet and sorghum are the tropical crops most 

suited to these agroclimatic conditions and are planted over 

70 perce~t to 90 percent of the total cultivated area (Norman 

et al., 1981; Delgado, 1979). 

Although population densities in the region are low 

relative to Asia and other parts of the world, they are relatively 

high on the available land in the region and near full capacity 

level in many areas, given the typical land extensive cultivation 

system that prevails in the region (Eicher and Baker, 1982). The 

Mossi Plateau in Upper Volta is often referred to as a good example 

of such a case (World Bank, 1982). The land extensive cultivation 

system relies mostly on fallow as the major means of soil 

fertility regeneration because of the low level of natural soil 

fertility and also because of a low availability of fertilizer 

and farm capital in the region (Ruthenberg, 1976; Norman et al., 

1981; World Bank, 1982). Consequently, substantial land surfaces 

have to be left uncultivated to allow for soil fertility 

regeneration. This considerably reduces the maximum carrying 

capacity levels of the land in terms of population and livestock 

pressures. The farming systems in the region operate more or less 

at a subsistence level (World Bank, 1982; Couty, 1968). For 

instance, few households in the study areas can afford more 

4 



than two meals of a low nutritive value per day, and some may 

experience caloric. deficiencies during the IIhunger seasonll- between 

planting and harvesting - when grainstocks are lean and energy 

expenditures increase. The dependency of the farming system 

in the reg)on on natural factors such as the low level of soil 

fertilit~ and the marginal rainfall pattern makes it a very 

vulnerable system. This is evidenced by the latest drought of 

5 

the early seventies which caused considerable famines and decimated 

over one-third of the livestock population in the region (Eddy, 1979; 

World Bank, 1982). Facts such as these, in addition to the unreliable 

nature of the government-operated food grain marketing system in 

rural areas (Le1e 1975) help one understand why the primary goal 

of the typical farmer in the region is that of achieving self

sufficiency in food-grain production and of building up a 

grainstock capable of supporting him throughout a bad year. Because 

of the effects of these factors and others on relative prices, 

cash crops such as cotton and groundnuts, which generate a part 

of the government's fiscal revenues and a part of the urban popu

lation's income, are being less and less produced on the farm3. 

Even the livestock system is adversely affected by the 

productivity problems within the crop system because the scarcity 

of forage and of adequate grazing zones make of crop residues a 

3As suggested by field history data from three voltaic 
farming systems covered by this study. 



major source of livestock feed. In the end, the farming system 

productivity problem contributes to food shortages on the farm, 

to high domestic food prices in urban areas, to decreases in real 

income and to reduced access to imported food, all of which 

frequently contribute to political unrest in the region. 

Furthermore, the entire sub-Saharan African region is, 

according to the United Nations estimates, the only region in 

the world where the natural rate of growth of the population 

increased during the past two decades (U.N., 1981). It increased 

from 2.5 percent in the 1960's to about 2.8 percent in the 

1980's (World Bank, 1982). One consequence of this is the 

fact, according to the USDA (1981), that sub-Saharan Africa 

is the only region of the world where per capita food production 

declined over the past two decades (Eicher and Baker, 1982). 

The above findings raise the question of how a farming system, 

which is already operating at a subsistance level, can cope with 

the problem of adequate and stable food supplies to the growing 

urban and rural populations in an environment where the rather 

poor state of resource endowments forces the comparative advantage 

toward livestock and crop enterprises. The related issue to raise 

in answering such a question appears to be how one can proceed 

to increase the productivity of the farming systems within the 

region. Among the two major natural resource endowment factors 

which limit such productivity one notes first of all the low 

6 
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level of soil fertility, which seems to be the more accessible factor 

because of the current water shortage conditions even for household 

consumption. Second is the water problem which is aggravated by the 

high costs of technologically feasible irrigation systems. In general, 

the latter are far beyond the farmers and even the government's 

financial capabilities. Many previous irrigation experiences have 

led to striking failures and financial losses in the region (World 

Bank,1982). 

The maintenance of soil fertility itself has become for many 

authors a matter of serious concern and has been publicized to be 

becoming another major problem in the region. An increasing pressure 

on the farming system to supply food to the growing population would 

be leading to a shortening of fallow periods and to over-exploitations 

that result in soil fertility declines and severe soil erosions (World 

Bank, 1982; Delgado, 1979; Lahuec, 1980; Sanchez, 1976; Eicher and 

Baker, 1982; Ruthenberg, 1971; Fournier, 1967; FAO, 1973; Greenland and 

La 1, 1979). Vir t u all y all the aut h 0 r s 0 f pro d u c t ion s y s t e m 

stJdies and of agricultural sector assessment reports in 

the region raised the problem of soil fertility maintenance and stated 

that soil fertility is probably declining in the region4. However, 

their apprehensions were principally based on intuitions and 

41n an assessment of the agricultural sector for Upper Volta by the 
USAID, reported by Delgado (1979, p. 3). The problem of "Popu1ations 
ressures leading to serious over-exploitation of land resources and 
deteriorating soil productivity in some areas" is mentioned (ibid; 
USAID, 1975, p. 0-13) with the view that liThe soil fertility situation 
needs to be reviewed with a view to establishing a complete system 
for maintaining soil ferti1ity" (ibid; p. 0-29). 



sometimes on experimental results. Studies to investigate the issue 

at the farm level or at the village level under farmers' management 

in the region are practically non-existent. 

Nevertheless, the farmer, as acknowledged by most of the 

production systems studies and witnessed by the author during the 

field investigations, is very much aware of the problem of soil 

fertility maintenance and is the first to recognize the importance 
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it bears to his survival. As a matter of fact, the farmer 

in the study area views the achievement of a high level 

of soil fertility as one of the best ways to improve his economic 

conditions. Consequently, he manages virtually every pro

ductive resource on the farm so as to improve or at least 

maintain soil fertility for the following reasons: land 

and labor are the major factors of production in the region, and 

farm capital is generally reduced to rudimentary tools such as 

the hoe. Cash resources are generally very low or quasi non

existent (Norman, et al., 1981). Any farmer who desires 

to increase the farm crop output faces two major alternatives: 

(a) improve the soil fertility level, or (b) increase the 

cultivated area. The typical farmer generally selects alterna

tive (a) because of thl:.' following factors: (1) the labor resource 

and labor timing constraints create labor bottlenecks 

during field preparation and weeding and thereby limit the 



size of the cultivated area. (2) The maintenance of soil fertility 

is a very effective way of controlling and minimizing damages 

caused to the plants by pests and crop diseases, such as Striga 

(a parasite weed) which is a major concern to the farmer in the 

region. (3) Organic manures increase the moisture holding 

capacity of the sandy and gravelly soils and serve as a water 

conservation strategy that effectively increases yields under 

the semi-arid rainfall conditions. (4) Few farmers with adequate 

financial capabilities and opportunities to acquire animal traction 

equipments select alternative (b) but are forced to combine it 

with (a) without which the use of aninlal traction equipment is 

generally neither profitable nor viable. (5) Soil fertility is 

a major limiting factor to the adoption of improved technologies 

such as disease resistant, high yielding and drought resistant 

crop varieties because the nutritional requirements of the latter 

are generally higher than those of the local crop varieties 

(Arrivets, 1976; IRAT, 1976; Robinson and Falusi, 1976). Local 

soils are generally deficient in vital nutrients such as 

phosphorous and nitrogen and are incapable of meeting the minimum 

nutritional requirements of the new varieties in absence of the 

application of fertilizers (Poulain, 1976, 1977; IRAT, 1976). 

Attempts to use such crop varieties on the farm without properly 

raising the overall soil fertility result in low and 

highly unstable yields and incomes that discourage farmers and 

change their financial and technological risk taking attitudes in a 

9 



way that may in the future threaten the adoption of improved 

technical packages in the region (Mehra, 1981; Hazelll, 1982). 

Soil fertility then appears, both in the short run and in 

the long run to be the major technical and economic limiting 

factor to shift in order to raise the farming system's 

productivity. An increase in the level of soil fertility will 

unambiguously, as shown by various agronomic studies in the 

region, increase yields and food proq~ction and lead to the 

necessary land improvements that will encourage the successful 

adoption of improved technologies such as high yielding 

varieties. It is expected to generate savings to make higher 

technology tools such as animal traction equipment more 

affordable, and to increase the profitability of new technologies. 

Therefore, soil fertility improvement appears at the moment to be 

a door that will lead the farming system in the region to high 

output and sustained paths of growth and development. 

Methods used by farmers in the region to regenerate soil 

fertility include in addition to fallow: crop rotations and 

intercropping, (especially with leguminous plants) and the 

application of organic and mineral fertilizers. Mineral 

fertilizers are presently being used in very small amounts in 

the study areas. The general tendency is to think of them as the 

long term solution for raising the soil fertility level in the 

region. as suggested by experiences in peasant agriculture in other 

10 



parts of the world such as Southeast Asia and Central and Soutill-' 

America. However, the particular agroclimatic conditions that 

prevail in the region and the results of agronomic studies on the 

use of mineral fertilizer at recommended levels on the region's 

ferruginous soils suggest that such an alternative ought to be 

regarded with caution. A twenty-year-long experimental study 

carried ~ut by IRAT5 in Upper Volta, for instance, pointed out 

11 

that conventional mineral fertilizers have only short term positive 

effects on the region's soil fertility. In addition, this same study 

noted that in the long run they lead to acidification and 

aluminum toxicity that cannot be corrected with lime or any other 

cal co-magnesium substance, thereby meaning an irreversible long 

term decline in soil fertility (Pichot et al., 1981). The use 

of rock phosphate to correct the soil deficiency in phosphorus 

is currently being viewed as a promising alternative. Inany 

event, the long term consequences of its extended use are not 

yet known and are theoretically expected to be less severe than 

those recorded with the synthetized mineral fertilizers. Efforts 

are currently being furthered by the Rock Phosphate Project to get 

farmers to try, to purchase and to use the new fertilizer. 

These endeavors began recently with a subsidized price which 

doubled in the first quarter of 1982 when the Voltaic government 

took away the subsidy. However, little is known about how mineral 

5IRAT=Institut de Recherches Agronomiques et Tropica1es is a French 
crop research institute. 



fertilizers in general fit economically and technically into the 

farming systems in the region, how they compare with the 
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traditional soil fertility management practices used by the farmers, 

how profitable they are once inserted into the farming system 

and how much of them the farmer can afford to buy (ICRISAT, 1982). 

The traditional soil fertility management system itself 

emphasizes the organic fertilization of the soil with farmyard 

manures, night soils and cattle dungs. All agronomic studies 

in the region agree on the immediate harmless and lasting, 

powerful yield-increasing effects of organic fertilizers in the 

region on all crops (Dupont de Dinechin et al., 1969; Guinard, 

1967; McCalla, 1975). The use of five to ten tons of organic 

fertilizers per hectare enables the farmer to immediately double 

or triple yields on local varieties with an average of five 

years of positive residual effects on yields. However, the 

amount of organic fertilizer produced on the farm is relatively 

low and insufficient to meet the needs of the farm. For this 

particular reason, a symbiotic relationship has developed over 

the years in many parts of the region between some Fulani 

herdsmen and some peasants. It allows the herdsman to let his 

cattle fertilize the farmers' f~elds during night paddocks in 

return for the crop residues grazed by the cattle and/or some 

ceremonial gifts. However, the herdsman often departs quickly 

with his cattle leaving part of the farmland unattended, and very 

few farmers are able to benefit from his services. ~lost of the 

few relatively wealthier peasants who own cattle in the region 



do not keep them on the fann and entrust them to the Fulani herds

man who acts as the peasantsl cattle manager away from the 

farm. This results in large amounts of cattle manure being 
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dropped along the cattle paths in zones that are, for the most part, 

non - cultivated or nonarable. Instances of the collection and 

sale of cattle manure have been reported only in northern 

Nigeria. It is not a common practice in the rest of the region. 

Besides the question why isn't there a market for cattle manure, 

one may also ask why haven't farmers in the region resolved the 

soil fertility problem by adopting a mixed farming system 

that will keep the cattle on the farm and allow a more complete 

and effective organic fertilization of the soil. Delgado (1979), 

addressed the question in southeast Upper Volta by using a linear 

programming approach to analyze livestock versus foodgrain resource 

allocation at the farm level. He found out that liThe high 

opportunity cost of harvest labor in terms of foodgrains, which 

is made even higher by the desire for on-farm self-sufficiency in 

foodgrains, coupled with a high labor requirement for feeding and 

supervising animals during the harvest period, offer an economic 

explanation of why peasants do not look after their own cattle, 

but instead prefer to entrust them to the Fulani" (ibid p. 304). 

He then concluded that the best means of introducing cattle into 

the farming system is to introduce peak labor savings 

innovations in foodgrain production. Nonetheless, the Peuhl

Ribamaibe farming system in northern Upper Volta, which is one 



of the farming systems surveyed during the study's field 

investigations, offers a prime example of a mixed farming system 

in which the cattle are kept on the farm. Soil fertility 

management practices are also designed so as to effectively use 

the cattle manure. Such an arrangement is feasible thanks 

to a seasonal division of labor between the household members. 

This suggests that the solut'ion to the problem may not be unique 

or may follow another rationale yet to be uncovered. Green 
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manuring used in temperate regions of the world occurs only during 

weeding and ridging in the study region. Dry season green manuring 

does not generally take place in the region, where it appeats to have 

over the long term some positive soil fertility maintenance effects 

according to some agronomic studies (Guiraud et a1. 1980). 

Soil fertility improvement alternatives often overlooked by 

agricultural and development scientists in the region are crop 

rotations and intercropping, especially between cereals and 

leguminous crops. Aside from the latter's nitrogen fixation 

property, they protect the soil against splash erosion and 

runoff. The two most widely planted legumes in the region, cowpea 

and groundnut, have been shown by agronomic experimentations in 

the region to have remarkably positive long term effects on both 

soil fertility and yields when planted at the proper densities 

within the proper crop rotations (Nicou, 1978; Stoop and 

Van Staveren, 1980). However, for various economic and technical 

reasons, the peasants in the region do not use the legumes in the 



technically optimal way; such economic and technical reasons 

received little attention in the past (ICRISAT, 1982). 

Another leguminous plant which has positive effects on soil 

fertility and yield and which is well known to the peasants is 

a leguminous tree known as Acacia Fadherbia Albida. Besides 

its nitr~gen fixation capacity, it loses its leaves during the 

rainy season to enrich the soil in organic matter and does not 

compete with the crops planted underneath fer sunlight and water. 

The leaves return with the vegetative activity during the dry 

season to protect the soil against direct sunlight and to supply 

forage for the small livestock (goats) and wood for the household 

domestic fuel needs. The Acacia tree is known to double or even 

triple yields on local cereal varieties wherever it is present 

(Lahuec, 1980). This fact has been confirmed by yield plot tests 

carried out during this study's field investigations in Upper 

Volta. Nevertheless, very few of such trees exist on the 

farms. The plant usually grows by itself and is even considered 

to be an asset by the peasant who does not attempt to take it off 

the farm. Still, he does not attempt to plant more of them in 

his fields, while this can be done with the seeds from the tree. 

Some farmers are even strongly opposed to the idea and advance 

mostly economic and technical reasons to explain their position. 

The reason that is most often proposed is the fact that the 

presence of Acacia trees increases crop damages by birds and 

monkeys. There also is the fact that its roots interfere with 

15 



animal traction tools. Nevertheless, higher yields are recorded 

wherever it is present. The acacia as a tree also has great 

potentials for reducing and eliminating the high risks of 

desertification in the area. In any event, for some reason, it 

has been practically ignored in moral suasion campaigns designed 

to increase the numbers of trees planted in the region. 

Measures to protect the soil against erosion in 

traditional farming systems exist, but they have a poor technical 

efficiency and are not widely employed. In the end, the question 

of how to effectively and efficiently initiate a long term increase 

in soil fertility and in the farming systems' productivity in 

general remains, and no satisfactory answer has yet been found. 

The Theoretical Perspective 

Modeling with the mathematical language can be very 

helpful in saying and clarifying in a few words what it might 

otherwise take myriads of words to say. Economic systems are 

usually best analyzed with Macro-economic models following a 

proper selection of the relevant macro-economic variables. On the 

basis of such beliefs, it may be appropriate to p~t the spotlight 

on some of the ultimate questions to be addressed in this study 

by placing them in a familiar, broad and dynamic theoretical 

perspective with the following version of the simple neoclassical 

growth model (Solow, 1956), applied to a geographically well

defined farming system economy, or peasant economy. The elements 

of the model expressed in real terms are: 
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(1) The production function Yt = Ft(Nt , Kt , Lt } where 

Yt is the aggregate output at a given point in time t, Nt is 

the labor force at time t, Kt is farm capital at time t. It 

includes livestock, grainstocks, farm equipments such as animal 

traction equipments and storage facilities, and cash resources not 

invested in land resources formation. Lt = Land resources such 

that Lt = At·qt where At = cUltivated area or exploited farm 

area at time t, qt = soil fertility at time t. The following neo

classical assumptions are imposed on the production function: (i) 

constant returns to scale6, (ii) infinite substitutability, (iii) 

di~inishing marginal productivities. 

(2) The expenditure identity Yt = Ct + It' where Ct = 

household consumption and It = Gross Investment. Taxes and 

export-import expenditures are assumed trivial or included in Ct. 

(3) The consumption function Ct = (l-s) Yt , where s is the 

average savings ratio. 

(4) The capital and land resources accumulation identity: 
. . . 

Kt + Lt = It' where Kt and Lt are changes in farm capital and 

land resources over time (time derivatives dK/dt and dL/dt). 

6Indigenous technologies in the region are believed to be 
neutral to scale (Norman et al., 1981, p. 36). 
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. 
(5) The labor force or population growth equation Nt = nN t 

(derived from N = Noent , N = dN/dt) where n is the natural rate 

of growth of the effective labor force or of the population 

(assuming a proportionable relationship between population and 
7 effective labor force ). 

Money is used as a medium of exchange in the system, but the 

demand for money is trivial and little savings, if any, are 

held in the form of paper assets. Furthermore, the presence of 

money in the model is not necessary for the point to be made here. 

The equation for the dynamic growth path derived from the 

above model is8 

. . 
k + ~ = sf(k,~) - nk - n~ 

where k = KIN is the capital - labor ratio, ~ = LIN is the land 

resources - labor ratio and y = f(~,k) = F(N,k,L)/N) = YIN is 

the "per capita" production function in case N is viewed as 

population, or the output labor ratio function when N is the lubor 
. . 

force. The useful time derivatives are k = dk/dt, ~ = d£/dt and 
. . . 
y = dy/dt. The steady state equilibrium occurs when k + £ = o. 

711Effective labor force" unlike "labor force" accounts for 
disembodied labor augmenting techno1ogical progress. However, 
in this section the terms "population" and "per capita" will be 
used as rough interpret.ations of the effective labor force. 

8The solution is derived in Appendix A. 
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Equation (6) may also be broken down as follows to analyze separately 

farm capital and land resources accumulations . 

. 
k + ~ = (asf (k,~) - nk) + (ssf (k,~)- n~) 

Where a= the proportion of savings invested in farm capital 

formatio~ and S = the proportion of savings invested in land 

resources formation, such that a + S = 1 and 

. 
k = asf(k,~) - nk 

i = ssf(k,~) - n~ 

However, the natural rate of growth is endogenous and, 

therefore, varies with some variables in the model. Let us 

assume that before colonization and the advent of modern medicine 

and child care n was n = no' Let us also assume that afterwards 

(7) 

(8) 

(9) 

it continuously rose within a range of values n1 such that nl > no' 

Finally, one may assume that following the economic and demographic 

histories of developed nations n is bound to decline later to 

n2< n1 once the per capita income reaches some relatively high 

level. The resulting growth paths might then be described as 

shown in Figure 2 below where n = ~ + k and n = ~ + k. 
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Figure 2, Growth Paths in the Farming System. 

El in Figure 2 is a stable, low-output steady-state 

equilibrium. E2 is an unstable, medium-output, steady-state 

equilibrium. E3 is a stable, high-output, steady state equilibrium. 

Those three equilibria define four stages of growth in terms of 

both land resources and farm capital formation; these are stages 

I, II, III and IV as shown in Figure 2. In stage I n E JO,nl [ 

and the farming system is in a moving state characterized by an 
. . . 

increasingn (i.e. n = ~ + k >0), it necessarily ends up at El , 

Ceteris Paribus. When n = nl the system is in a steady-state . 
equilibrium (E l ) with a constant n (i.e., n = 0). In stage II, 

n € Jn1, n [ and the ~ystem is in a moving state with a declining 

n (i.e. n <a), it necessarily regresses towards El and ends 



up there, Ceteris Paribus. E2 is an unstable, steady-state 

equilibrium and when ne Jn2,n3[ the system is in a moving state 

with an increasing productive capacity that drives the system to 

a higher output and stable steady-state equilibrium E3. 

The general feeling both in the rural development 

community. and in the international community is that most of the 

Third World farming systems, and especially those in the study 

region, are either stagnating at El or are trapped in Stage II 

with a per capita food production capacity declining over time 
. 

(n< 0). This occurs because as the population grows, the 

increase in per capita food production capacity (nn), required to 

maintain the per capita consumption at its current level exceeds 

the actual increase in per capita food production capacity (sf(n)). 

Regarding land resources alone, the suggestion that soil 

fertility is declining in the region1s farming systems places 

the latter in Stage II~ as shown in Figure 2B. This indicates 
. 

that land resources per capita are declining l~ < 0) as a result 
. 
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of declining soil fertility (q < 0) and/or as a result of increasing 

population densities that lead to a decline in the arable land area 

cultivated per capita9 or the land-labor ratio (~ < 0, where a = 

gOne may recall at this point that ~ = L/N = Aq/N = aq, where a = 
A/N is cultivated land per capita (or per unit of the labor force) 
and q is soil fertility.whose measure will be discussed in a 
forthcoming section. ~ = aq + qa 
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A/N and a = da/dt). Stage I~ refers to the time period where 

the system is operating below the landis maximum carrying capacity 

level which is ~= ~1' In such a stage, the extensive use of long 

fallow periods in shifting cultivation systems and the cumulative 

effects of fertilizers in semi-permanent cUltivation systems allow 

the per capita land resource to increase over time. This occurs 

mostly via a maintenance of soil quality and also via a progressive 

improvement in peasant farming technology and weakening of the thick 

bush vegetation that allow the peasant to claim more land from the 

bush. Therefore, Stage I~ corresponds to a phase of land 

resources accumulation (i.e., an increase in the land-labor 

ratio with maintenance or an increase in the average soil quality). 

The accumulation of land resources stops when the system reaches 

a critical, natural rate of growth which causes ~= ~l' Beyond 

such a point the system engages itself in a soil-mining or farm

area restricting cultivation system, or a land-labor declining 
. 

cUltivation system (~ < 0) due to an increasing population density. 

However, the entire productive capacity of t~e system does not 
. 

necessarily regress (such that ~ < 0) because of a continuing farm . 
capital accumulation (k > 0), This is best represented by an 

increase in the adoption of animal traction equipment for 

instance made possible either by savings that result from the 

increase in output caused by land resource accumulation in the 

initial Stage 1£ or by an increase in off-farm jobs and 



financial opportunities. Sooner or later the farm capital 

accumulation is offset by the decline in land resources leading 

to a stable, overall productive capacity (n = nl ). 

The entire system can actually enter and remain in Stage II 

only if external factors such as input donations, government 

subsidies or foreign investments lO raise the productive capacity 

to nl such that nl <n' <n2, while maintaining the natural rate of 

growth at a high level thanks to food aids. The system is in 

such a case maintained in an artificial state that it cannot 

sustain. The disappearance of the external aids will necessarily 

cause the system to regress to the initial steady-state 

equilibrium (n = nl ) unless such aids are large enough to boost 

the system's productive capacity from ~l to n2. In such a case, 

a new increase in savings and a decline in the natural rate of 

growth will generate a phase of reinvestment in farm capital and 

land resources that will carry the system to a higher output 

steady-state equilibrium (n = ~3) within a sustained growth 

process. However, this is not the only way the system can move to 

10Placed within a broader nationwide macroeconomic perspective 
the mOdel is a simplistic representation of the agricultural 
sector. It does not explicitly account for the government, 
industrial, commercial and foreign sectors; the external factors 
being mentioned are mostly capital flows from these sectors to 
the agricultural sector. Such external investments are 
economically sound in so far as they are expected to earn some 
returns in Stage III. A more complete elaboration of the 
agricultural sector model is not necessary for the point 
being made here, as it would likely diminish its clarity. 
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a higher ouptut steady-state equilibrium. It can happen through 

any form of technological progress (e.g. y = v(t)f(k,t), y = 

f(k,tlt)) that puts the farming system on a higher growth path or 

through outmigrations that reduce the natural rate of growth on 
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the farm. The first alternative is the idea behind the Green 

Revolution, whose proponents such as the Consortium for International 

Development are working to develop high yield crop varieties in the 

region. However, as mentioned earlier in the introduction, land 

resources, particularly soil fertility, must be raised to a 

minimum level to allow, reinforce and stabilize the performance and 

viability of the new technology. The improved technological 

packages are often introduced to the farmer with a mineral 

fertilizer component which is either not selected by the 

farmer, or selected at less than the recommended level, because 

it is unsuited to the technical and economic conditions 

prevailing on the farm (Robinson and Falusi, 1974). 

The ultimate goals of this study, placed within this 

thoretical perspective are (1) to develop and apply a methodology 

to locate the region's present farming system on its land 

resource formation path and (2) to identify and evaluate the 

related productivity constraints that limit farm income growth in 

the study area. The first goal may be viewed as a test of the 

hypothesis that the farmer in the region manages soil fertility 

in such a way that (1) the increase in population density is 

leading to an increase in the intensity of land use, which in 



turn, is resulting in a decline in soil productivity, and (2) 

the decline in soil productivity is leading to a decline in the 

farming system's per capita food production. 

The Approach 

Although the food and soil fertility problems are better 

perceived within a macroeconomic perspective, they are not best 

analyzed at the macro level for various reasons. 

Past experiences in rural development in less developed 

countries (LOC) have shown, especially in Africa, that 

agricultural and development policies based on broad and often 

unreliable macro-statistics, and also often based on policymakers' 

intuitions, have dramatically failed to achieve the goals set 

forth. Furthermore, such policies have occasionally resulted in 

long term adverse consequences for the very people such policies 

were initially intended to help (Eicher and Baker, 1982). The 

major reason for such failures is clearly that policymakers have 

for a long time sought to treat the symptoms of underdevelopment 

rather than its causes. As a reaction to the failure of the macro

analysis approach, a new trend has emerged in the LOC's rural 

development community to place an emphasis on base line studies 

which are basic micro-level studies designed to learn the 

fundamental facts about the social, economic and technological 

structures of the agricultural systems involved. Researchers and 

policymakers have come to realize that the acquisition of such a 
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basic knowledge about the world they are trying to change will 

enable them to design technological packages and policies that 

will fit much better the resource endowment conditions and the 

production and consumption goals of the population involved. In 

so doing, they will also make of scientific research a more 

efficient, powerful and effective tool for rural development in 

poor countries. This "bottom Up" approach (as it is sometimes 

called) to technology and policy development transforms technology 

and policy into variables instead of parameters (Saint and 

Coward, 1977). The holistic or multidisciplinary version of the 

"bottom Up" approach is known in the rural development field as 

the Farming System approach ll . 

This study fits into the "bottom Up" approach and into the 

descriptive or diagnostic first stage of Farming Systems Research. 

It is a microeconomic study designed to learn the basic facts 

related to the subject of soil fertility management and its 

relations to factor productivity and income growth in general 

within the farming system. As such, it attempts to situate 

the soil fertility management component of the farming system 

llThe Farming System approach is well discussed by Norman (1980). 
"A system can be defined conceptually as any set of elements or 
components that are interrelated and interact among themselves. 
Thus, a farming system is the result of a com~lex interaction of 
a number of interdependent components. At the center of this 
interaction is the farmer himself; he is the central figure in 
Farming Systems Research". (ibid, p. 3, Norman, 1980). See also 
Collinson (1982). Gilbert et ar:-(1980), Norman, 1982) and 
Hildebrand (1976). 
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in its dynamic equilibrium state. The purpose is to determine 

whether such a component really causes a problem for the system's 

growth, the exact nature and the size of the problem it causes, 

and the factors to be affected in order to efficiently solve the 

problem. On the basis of the farmer rationality assumption12 , 

the study focuses on the technical resources allocation 

inefficiencies and on technical, economic, institutional and 

social soil fertility management constraints13 . 

It seeks to fulfill the functions of a subject matter 

research by producing some positive and normative knowledge on 

the subject of soil fertility management more than it fulfills 

the function of a pt'oblem solving research by being prescriptive 

in the end. 

As such, it differs from the normative and prescriptive 

approach adopted by contemporary economists writing on the subject 

'12The peasant rationality assumption is based on the belief that 
peasant farmers are economically rational and are expert in 
managing efficiently (in the private sense of the word) the 
resources available to them and their natural environment in 
particular. Therefore, there should not be any private 
inefficiencies in resources allocation. Any signs of such 
inefficiencies would be due to misspecification and/or 
omission of variables in the representative model. 

13Technical constraints arise from the limits imposed on the 
objective function by the physical productivities of the 
various agricultural activities, inside the production function, 
given the existing state of the arts. Economic constraints 
arise from the limits imposed on the cbjective function by the 
relative prices and resources availability. Institutional 
constra'ints arise from limitations caused by the political, 
marketing and financing institutions. Social constraints 
arise from limitation caused by the social structure, norms and 
beliefs. 
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of soil fertility management in the United States and Canada 

during the 70's and the 80's. Their approach is an optimizing 

approach that uses the optimum control theory to determine optimum 

levels of soil loss and nutrient depletion (Burt, 1981; Clark, 

1980), or of fertilizer use (Lanzer and Paris, 1981) based 

primarily on data gathered at agricultural experimental stations. 

The procedure consists of maximizing a discounted net flow of 

returns, subject to production functions specified only in terms 

of the variables controlled on the experimental stations such as 
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soil type, soil depth, soil nutrient content, fertilizer application, 

water, weather variables, proxy for rotation or management 

practice such as the percentage acreage planted in wheat, in 

legume or under fallow, genetic loar and technical factors such 

as planting density. Most studies incorporate only three to four 

such variables in the production function 14 . 

140ther constraints included in the Lagrangean are dynamic soil 
loss and organic matter loss functions, soil nutrients 
depletion and regeneration functions or coefficients, 
nitrogen fixation function or coefficients for leguminous 
crops and the soil field capacity. Economic variables are 
crop prices, the prices of the marketable inputs that 
appear in the production function, estimates of user costs 
and the financial rate of interest. The Lagrangean or 
the Halmitonian conditions for optimization are solved 
using dynamic or nonlinear programming. A random number 
generator is used to test the effects of various 
levels of economic and institutional variables on the 
optimal solution. 



Heady and others (Bhide, Pope III and Heady, 1982a,b,c) 

have adopted a more comphrehensive approach by developing models 

for representati ve farms with vari ous soils and management 

characteristics. The models are constructed using actual 

information from typical farms and from research stations. The 

model maximizes the net return on all cropping and livestock 

activities with or without internalization of soil conservation 

costs using linear and/or nonlinear programming. The LP models 

explicitly include all input requirements for cropping and 

livestock activities under different management practices and 

rely heavily on the Universal soil loss equation and 

experimental data to obtain the technical functions and 

coeffi cients. 

Some of the conclusions reached by the above type of 

studies which generally maximize private net returns are set 

forth here. (1) The existing soil fertility management systems 

are rational from an economic standpoint although they often 

imply the greatest degree of soi 1 depleti on (C 1 ark, 1980). 

(2) High grain prices exacerbate soil erosion problems (Bunce, 

1942; Ciriacy, 1952; Clark, 1980). (3) Lower interest rates 

(or discount rates) increase the optimal level of soil depletion 

and are ineffective means of conserving soil resources (Bhide et 

al., 1982c; Clark, 1980). (4) Continuous technological progress 

lowers the optimal level of soil depletion. (5) Higher fertilizer 
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prices increase soil depletion. (6) The shorter the planning 

period, the higher the optimal level of soil depletion (Bhide et 

al., 1982b; Clark, 1980; Burt, 1981). (7) Leguminous crops 

effectively reduce crop depletion. (8) Cultivation practices 

involving fallow are more profitable than others. (9) Water 

is a major limiting factor in increasing output and in conserving 

land resources under dry farming systems (Clark, 1980). 

Such results probably apply to the study region as well 

and their validity in the studied farming systems could be 

tested. Among the procedures utilized in obtaining such 

results, the approach of Heady and followers (i.e. modeling with 

structural information from actual farms and coefficients from 

research stations) is the most suitable to the study region's 

farming systems. However, while the use of technical coefficients 

from research stations is justified in developed countries because 
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of small or non-existent managerial and technological gaps 

between farms and research stations, it is not justified in the 

study region where such gaps exist and are enormous. Therefore, 

conclusions drawn from models based on research stations technical 

coefficients are likely to be unrealistic and of little use in 

designing policies and technologies that will be effective in the 

immediate future. Furthermore, there is a poor availability of 

relevant technical coefficients in the study region, and there is 

little involvement of peasants in the commodity and financial 



market institutions that can be monitored to convey the desirable 

incentives necessary to promote simultaneously income growth and 

a socially acceptable level of soil conservation. 

For such reasons, this study acquires and predominantly 

uses information from the farming system itself to evaluate the 

effects of the existing soil fertility management practices on 

soil productivity and income growth. It also seeks to identify 

the limiting factors and the ways in which the desirable 

incentives mentioned above can be effectively conveyed to the 

farmer. 

Objectives and Plan of the Study 

The objectives of the study are as follow: 

A. To develop a framwork suitable for an analysis of 

the technical and economic aspects of crop production inside a 

typical village farming system of the West African Semi-Arid 

Tropics. The framework is based on the soil fertility management 

component of the farming system because soil fertility management 

is the pivot of all agricultural systems, and particularly of 

agricultural systems in the West African region. 

B. To apply the analytical framework to a typical Mossi 

village of southern Upper Volta in order to systematize, describe and 

explain the food crop production system of the village in relation to 

its soi1 fertility management component. This is performed so as to 
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identify and explain and relate the major soil fertility management 

practices in the village. 
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c. To identify and describe the cross-sectional relation

ships among the intensity of land use, resource allocation and the 

social and economic characteristics of households. This is undertaken 

so as to point out the changes in the characteristics of fields and 

households that accompany an increase in the intensity of land use 

within the crop production system of the village. These changes are 

used to identify the adjustment mechanism of the crop production 

system with respect to land use intensification. 

D. To measure resource productivities and to understand the 

economics of soil fertility management and of resource allocation, 

in general, withi n the Cl~Op producti on system, as we 11 as the economi c 

rationale behind the crcpping system's adjustment mechanism with 

respect to land use intensification. The manner in which the produc

tivity of each factor of production varies with the intensity of 

land use is also mentioned in the process. 

E. To evaluate the soil fertility management components of 

the village's cropping system by determining if, as a result of land 

use intensification, it leads to a decline, a maintenance or an in

crease in anyone of the following: the physical and chemical 

fertil ities of the soil, the economi c producti vity of the 1 and and 

the overall physical resource productivity of the cropping system. 
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F. To identify and rank, if possible, the major technical, 

social and economic constraints on soil fertility maintenance and 

farm income growth within the crop production system of the village 

and to indicate the research and policy alternatives that would, 

according to the results of the study, improve soil fertility manage

ment and food crop production in the village1s farming system. 

The plan of the study used in achieving the above objectives 

is as follows: The farm survey method used is discussed in Chapter 2. 

The objectives underlined above are completed with an inter-field 

analysis in Chapters 3, 4, and 5. The objectives are completed with 

an inter-farm analysis in Chapter 6. Chapter 7 is the concluding 

Chapter. More specifically, the content of each Chapter is as 

follows: 

In Chapter Two the sampling procedure followed in selecting 

the study areas and farming systems surveyed during the field in

vestigation are presented together with a brief description of the 

major environmental and structural characteristics of the farming 

systems. 

In Chapter Three, a methodology is developed to systematize 

the farming system in terms of the dynamic and static aspects of its 

soil fertility management component. The methodology developed 

above is then applied to a selected farming system to sort out its 

major soil fertility management practices, and the major input-output 



characteristics of said practices. The major determinants of the 

management practices, as obtained in farmers' interviews are then 

discussed to point out a set of major production constraints and 

hypotheses. 

In Chapter Four a methodology is developed to evaluate 

the farming system soil fertility management practices so as to 

statistically determine whether a given practice is likely to 

result in investment or disinvestment in soil fertility or si.mp1y 

in a maintenance of soil fertility. The methodology is then 

applied to the selected farming system to evaluate its soil fer

tility management practices, using physical and chemical criteria. 

In Chapter Five the sample fields are grouped by subsets 
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of management practices that are characterized by various intensities 

of cultivation. Interfie1d production function analyses are car

ried out across the defined subsystems to evaluate the effects of 

the different sets of manCl.gement practi ces on resource producti vi ty. 

The statistical results are also used to test some of the hypotheses 

discussed in Chapter Three. 

In Chapter Six, the sample households are divided into 

three groups of households that fall into three different brackets 

of the farm level intensity of land use. The demographic, resource 

endowment, management, production, consumption, expenditure and 

land tenure characteristics of the three groups are compared to 

understand how they vary with the intensity of land use. The 

aim of this comparison is to understand the probable causes of 
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land use intensification and the likely adjustment process that follows 

an intensification of land utilization. Interfarm production analy

ses are carried out to access some farm level resource productivi

ties, the effects of management mix on resource productivity and the 

efficiency of farm resources allocation. 

In Chapter Seven, the major results are summarized and their 

implications are synthesized to reach a final conclusion regarding 

the adjustment mechanism of the village cropping system vis-a-vis 

land use intensification. Relevant research and policy recommendations 

are derived from the latter. 



• 

CHAPTER 2 

THE SAMPLING PROCEDURE, THE STUDY AREAS 
AND THE FARMING SYSTEM 

The Sampling Procedure 

Area and Village Sampling 

The study areas and villages were chosen following extensive 

reconnaissance surveys in over thirty villages of Upper-Vol ta. 

The surveys were carri ed out by the author and t he We s t A f ric a 

ICRISAT Economics team 15 • Those surveys led to the selection 

of four stuay areas and a total of eight villages, with 

two villages in each study area. These are from the north to the 

south of the country, the Djibo, Yako, Boromo and Manga 

areas. The methodology and assumptions used in conducting the 

survey and in selecting the villages are exhaustively 

discussed elsewhere (McIntire, 1981). 

The major assumption behind the area sampling was that 

the variance in the cropping systems between agroclimatic zones 

is Significantly greater than within agroclimatic zones. The 

15ICRISAT stands for International Crop Research Institute for 
the Semi-Arid Tropics. 
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latter are normally defined on the basis of climatic variables 

such as rainfall, evapotranspiration, photoperiodism, temperature 

and natural vegetation. In this study the sampling strata were 

defined on the basis of the rainfall, which normally coincides 

with different natural vegetations and cropping systems, since the 

rainfall pattern (amount and distribution) allows only the survival 

and the cultivation of those plants whose growth and development 

fit into it. The survey areas were selected within four 

agroclimatic zones that cover most of the WASAT agricultural 

regions; these are from the south to the north of the country, 

the median Sudanian agroclimatic zone, with an average rainfall 

between 1250 mm and 1000 mm, the north Sudanian agroclimatic 

zone with an average rainfall between 1000 mm and 800 mm, the 

Transition zone between the Sudanian climate and the Suhelian 

climate with an average rainfall between 800 mm and 600 mm and 

finally the south Sahelian agroclimatic zone with an average 

rainfall between 600 mm and 400 mm {Peron and Zalacain, 1975; 

Boulet, 1976}. 

One survey area with relatively good access during the 

rainy season was selected in each agroclimatic zone and was 

subjected to the reconnaissance survey. The purpose of said 

survey was to gather, in short village visits, information on 

resources endowment and cropping systems in villages located on 

different soil types within the survey area. The main strati

fication variables used in selecting the surveyed villages were 
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soil type and population density. On the basis of soil maps by 

ORSTOM (Boulet, 1976) and on the basis of a 1975 census (INSD, 

1978), the surveyed villages were selected within the modal region 

of the surveyed area soil type and population density distribution 

curves. Finally two study villages in each area were selected in 

the moda1 interval of the village population size distribution, so 

as to be representative of the typical cropping systems in the area 

(judging from the information gathered during the reconnaisance 

survey). The selected two villages in each area were not separated 

by more than thirty kilometers and were more or less identical 

in terms of cropping systems. 

Household Sampling 

A sample of 25 households was drawn in each of the eight 

villages. In the Djibo, Yako and Boromo areas, the village 

population was stratified into handtool technology households and 

animal traction technology households. In villages where the 

animal traction (AT) equipment households were greater than 

twelve, twelve of them were randomly selected. In villages where 

the number of such households turned out to be less than or 

equal to twelve, all the AT households in the village were included 

in the village sample. This sampling method was chosen by ICRISAT 

economists in order to study both farming technologies and to test 

the adoption and performance of improved crop varieties under both 

types of technologies. In the Manga area, where AT equipment was 
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re 1 ati ve ly more conimon 16 than in the res t of the count ry, the 

samples were randomly drawn from the village populations without 

stratification. The sizes of the village populations and samples 

along with their technological structures (hand tool vs. animal 

traction) are presented in Table 1. 

The data were obtained through interviews supplemented with 

direct measurements and observations. Details on data collection 

methods are given in Appendix D. One enumerator permanently 

installed in each village to collect the data was assisted from 

time to time by other enumerators who intervened temporarily to 

collect specific sets of data. 

In-depth interviews, surveys of local soil types and soil 

sampling were carried out by the author. Continuous controls 

of data on the field were carried out during the data collection 

phase by the author and the ICRISAT program economist. 

Study Areas, 
Farming Systems and Soil Types 

The farming systems17 studied are in four distinct agro

climate zoroes located in the north to the south of Upper-Volta. 

16The most commonly used animal traction equipment in Upper-Volta 
is the "Houe Manga" or the Manga Hoe. It was first introduced 
in the Manga area. 

l7The farming systems are named here after the names of the 
correspondi ng ethn'j c groups. The Massi, the major ethni c 
group in Upper-Volta makes up about 48 percent of the total 
population followed by the Peuhl for about 10 percent and 
by the Bwa and the Dagari for about 7 percent each. 
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Table 1. Demographic and Technological Characteristics of the Studied Villages Populations and Samples 

Village _______ .. Sample 
Area Vill age Ethnic Popula-

Group tion Number Hand Animal Number Hand Animal 
of Tool Traction of Tool Traction 

Households Households Households Households Households Households 

Djibo Oure Rimaibe 377 52 43 9 25 16 9 
Silguey Rimaibe 481 45 37 8 25 17 8 

Yako Kolbila t~ossi 905 87 83 4 25 21 4 

Ouonon Mossi 868 NA* NA* NA* 25 16 9 

Boromo Koho Bwa & 
Dagari 962 84 65 19 25 13 12 

Sayero Bwa 867 77 65 12 25 13 12 

Manga Monkin Mossi 671 90 47 43 25 12 13 

Nonghin Mossi 651 106 37 69 25 6 19 

*Not Available 
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It is assumed that the two villages selected in each area were 

representative of the area's farming system. The studied farming 

systems are: System 1: The Peuhl-Rimaibe farming system in the 

Djibo area. System 2: The Mossi farming system in the Yako area. 

System 3: The Bwa-Dagari farming system of the Manga area. As 

previously mentioned, those areas lB were chosen so as to cover the 

major agroclimatic zones of the WASAT and to insure enough 

cross-country variability in demographic and agroclimatic 

conditions, especially in population density, rainfall, and soil 

types which are believed to be major determinants of soil 

fertility management systems. The agroclimatic and demographic 

characteristics of the various farming systems are shown in 
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Table 2 and Figure 3. It is generally accepted that the variability 

in rainfall distribution increases and that soil quality 

declines in Upper-Volta as one moves from south to north on a 

given meridian axis (ASECNA, 1972; Peron and Zalachin, 1975; 

Boulet, 1976), so that, in general, agroclimatic conditions are 

more favorable to crop growing activities in Boromo and Manga 

(Systems 3 and 4) than they are in Djibo and Yako (Systems 1 

and 2). As for the population density, all the statistics on the 

subject agree that it reaches its highest points in Yako followed 

by Manga and declines to an average level in Boromo and to a 

lBThe "area" is confined to what is administratively refered to 
in Upper-Volta as "sous-prefecture". 



Table 2. Agroclimatic and Demographic Characteristics of the Studied Farming Systems. 

Total 'lainfall Soil Type (a) Population 
Farming Number of Selected Long- Agroclimatic DensitY2 

Area System Vi 11 ages Vi 11 ages Term Top Depth Base Vegetation Zone hbts/km 
Name in Study Average (cm) INSD 1978 

Area (mm) (b) 

Djibo Peuhl-
Rimaibe, 

139 
Oure 567 Sandy 40 to 100 Sandy Clay Steppes Sahel ian Zone 5 to 15 ___________________________________ ~~~_~~~~ _____ ~~_~!~t ___ §~~~~:~y~~~~ _________________________ _ 

SYSTB1 1 Silguey 567 Sandy 40 to 100 Sandy Clay Steppes Sahel ian Zone 5 to 15 
and over or Clay Grass-Bushes 

Yako Kolbila 756 Sand and Variable Rock Savanah Transition 50 to 80 
Gravel or Sandy Clay Zone 

Mossi, 129 
_______________________ ~~~g~_~!~t ______________ 2~_~!~t __________________________________________ _ 

2 SYSTEM 2 Ouono 756 Sand and Variable Rock Savanah Transition 50 to 80 
Gravel or Sandy Clay Zone 
Sandy Clay or Clay 

Boromo 
B~la-Dagari , 

Koho 981 Sandy 40 to 100 Clay Sand Savanah North Sudanian 15 to 30 
88 

SYSTHI 3 
3 Sayero 981 Sandy 40 to 100 Clay Sand Savanah 

North Sudanian 
Zone 15 to 30 

100 and Clay Savanah Median Sudanian 
r-langa Mossi 

SYSTEM 4 
4 

118 
__ ~2~~!~ _____ !!~Z ______ ~!~t ________ 2Y~~ ______ .. _______ _______________________ ~2~~ ________ ~Q_!2_~Q __ 

Sand and 40 to 100 Clay Savanah Median Sudanian 
Nonghin 1197 Gravels and over Zone 30 to 50 

(J)From Boulet's maps (Boulet, 1976). 
(b)From S. M. Virmani (1981). 
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relatively low level in Djibo (CVRS, 1968; INSD, 1978; Peron and 

Zalachin, 1975). 

The Voltaic soils and the WASAT soils in general belong to 

the classes of leached ferrugineous and ferraltic tropical soils. 

According to Boulet (1976) two major soil types are found in the 

Djibo ar~a: (a) deep arable soils (over 100 cm deep) with a 

sandy A layer and sandy to sandy-clay B layer, (b) shallow sandy 

soils (about 40 cm deep) appropriate for pastures with sandy A 

layer and contrasted clay B layer (solonetz). In the Yako area 

two major regional soil types are found as well: (a) soils with 

variable depth (up to over 100 cm) with sandy clay to clay sandy 

A layer over clay B layer, sometimes gravelly; and (b) shallow 

sandy soils (often containing gravel) generally not more than 40 cm 

deep laying on the hard rock of the parent granitic material which 

emerges from place to place. In the Boromo area soils are 

either (a) sandy top soi1s over clay sandy and gravelly base soils 

with an average depth varying from 40 cm to 100 cm or (b) deep 

sandy top soils over clay bases. In the north of the Manga area 

where the village Nonghin is located, soils are overall sandy and 

gravelly laying over the ferrugineous gravels and compact clay 

vertisoils which are found about 40 to 80 cm below the surface. 

South of Manga where the second village Mankin is located soils 

are deep vertisoils, often mixed with gravels in the upper layer. 

At the village level many variations of the regional soil 

types are found along the toposequence and receive various local 
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denominations based on color, texture, vegetation, situation on 

the toposequence, physical reactions with water, heat and culti

vation tools, external and internal hydrolic regimes, etc. The 

major local soil varieties and their characteristics as determined 

in farmer interviews and soil surveys are shown in Table 3. 

An Overview of the Farming Systems 

An "airplane view" introduction to the farming systems 

(represented here by the two villages selected in each study area) 

is presented in this section by classifying the farming systems 

on the basis of the spatial arrangement of fields vis-a-vis the 

habitats. This type of classification, although not as 

exhaustive as others (Rutherberg, 1971), is appropriate as a first 

step toward the analysis of soil fertility management and land use 

patterns. Systems 2, 3 and 4 have the simplest spatial organizations 

and as such are presented before System 1, whose spatial organization 

combines some of the elements from the previous systems. 

System 2 and System 4 

The typical land cultivation system in the Mossi farming 

systems of Yako and Manga is the ring cultivation system described 

by Pelissier and others (Pellissier, 1966; Ruthenberg, 1971; Delgado, 

1979; Norman et al., 1981). The households live in separate 
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Table 3. Local Varieties of Soils 

Soil 
Type 
No. lo Djibo 

10 

11 

12 Houkawo 

13 

20 Seno 

21 

30 Bolawo 

40 

50 

60 Lomre 

70 

71 

Local Denominations in: 

2. Yako 

Zingadega 

Zinka 

Zinka 

Rassempoui
Zingadega 
Binsiri 

Rassempoui
Binsiga 
Zimuogo 

Kossogo 

Zi Bolle 

Baongo 

Rassempoui 
Boalga 

3. Boromo 4. Manga 

Zingadega 

Kougri 

Kougniguere, Kuigdiga 
Hanin 

Tamissougo, Binsiri 
Fiaho, Hapono 

General Characteristics 

Upland shallow ferrugineous rocky soils on top or slopes of 
small hills. Brown color. 
Upland gravelly soils, mostly quartzite gravels, micas, and 
sand. 
Upland sandy gravelly soils, contain mostly sand and small 
ferrugineous concretions. Generally preceeds soils 20 and 
30 in topsequence from the top to the bottom of the slope. 
Hil1foot shallow and gravelly soils where trees are unable 
to grow. 
Sandy soils, contain mostly coarse and fine sands found 
mostly on top of slopes of toposequences. Color light to 
dark grey. 

Rassempouiga Shallow sandy areas where no tree grows. 
grey sandy hil1foot soils. 

Leached white 

Tanzia, Tioro 

Naka 

Ba, Diahon Zi Bolle 

Zi Boalga 

Compact deep lateritic redish soils sandy with relatively 
high proportions of silt, found mostly on long slopes. 
Vertisoils, green compact soils found at bottom of slopes 
containing relatively high proportions of clay. Contain 
quartzite gravels in upper layer. 
Soil of upland lines of greater slopes along which rain
water flows from uplands to lowlands. Compact dark grey' 
soils. 
Lowland cuvette and seasonal water courses soils. In 
general hydromorphic soils with texture depending 
mostly on texture of adjacent upland soils. Known as 
soils that stick to tools when wet. Show 
characteristic montmorillonite cracks when 
desiccated. 

~ 
0) 
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compounds scattered allover the village territory with housefields, 

village fields and bushfields 19 • 

. (sj) " ' - - - - ~~~ 
~~ HI ' ,GY]4 r.1 \ 

, L1J H2 '. 

~-------~ 

i=Compound of household #i 
Hi=Housefield of household #i 
Vi=Village field of household 

#i 
Bi=Bushfield of household #i 

----Frontier between village 
land and bush land 

Figure 4. Spatial House and Field Arrangement in the Mossi Farming 
System. 

Maize, tobacco and sauce plant~ are generally planted on 

housefields. Red sorghum is generally planted next to them on 

19 In this study a IIhouseland ll is the land on which the household has 
established its habitat, the IIVillage land" is any cleared land 
that belongs to the household and is iocated between the house
land and the frontier where the bush fallows begin, IIBush lands" 
are lands behind this boundary line or frontier. All fields 
found on a village land are village fields and all fields found 
on a bush land are bush fields. However, fields found on a house
land are either housefields or village fields. The housefields 
are those fields that touch the compound wall and do not extend 
beyond 50 meters from the walls. The remaining fields are village 
fields. The delineations of the fields are based on the nature 
of the crop, on separation paths and roads. These definitions 
apply to all farming systems. 
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housefields and village fields. White sorghum and millet are 

generally intercropped with cowpea on village fields and bushfields. 

Cotton, is also found on village fields, and tuber roots, groundnuts, 

and peas are found both on village and buSh fields. These last 

four crops are mostly used as cash crops along with red sorghum 

which is used both as a cash crop and as a food crop20. White 

sorghum and millet are used primarily as food crops. In addition 

to the crop growing activities, the Mossi farmers practice poultry 

and small livestock (goats) husbandry on their farms. Cattle raising 

activity is separately carried out by Peuhl (or Fulani) herdsmen 

who transhume with their cattle across the Mossi Plateau. Few Mossi 

farmers own and keep cattle on their farms. Those who have some 

cattle generally entrust them to the Peuhl herdsmen with the 

exception of the draft oxen which are often kept on the farms. As 

shown by Table 1, less than one tenth of farmers use animal traction 

technology in System 2 (Yako) while about one half of them use 

it in System 4 (Manga). 

System 3 

The Bwa and Dagari household compounds are clustered and 

form one single village compound with mostly village fields and 

bush fields. Few house fields exist inside or next to the village 

20The production of tubers such as the yam is more important in 
Yako (farming System 2) than in Manga (farming System 4). In 
both systems red sorghum is sold and used to make the local 
beer called IIdolo li

• 
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compound and belong mostly to the households living in the 

peripheric houses. 

i=Compound of household #i 
Hi=Housefield of household #i 
Vi=Village field of household 

#i 
Bi=Bushfield of household #i 

-----Frontier between village 
land and bush land. 

Figure 5. Spatial House and Field Arrangement in the Bwa-Dagari 
Farming System. 

As in the Mossi farming systems, those farmers who own 

house fields plant mostly maize, red sorghum and sauce plants on 

such fields. Dominant crops in village fields are red sorghum, 

cotton, maize and groundnuts. Bush fields are mostly planted 

with millet and white sorghum intercropped with cowpeas. Cotton 

is the major cash crop in the area. Poultry and small livestock 

(goats, pigs) husbandry is also carried out here inside and 

around the village compound and in association with crop growing 

activities. In this area, more farmers, especially among the 

Dagari, own cattle than the farmers on the Mossi Plateau. Most 



of these are entrusted to the Fulani or Peuhl herdsmen who keep 

the cattle in the vicinities of the village where they have 

established a more or less permanent settlement21 • Draft oxen 

and cattle for sale are kept in small parks around the household 

compound. As shown by Table 1, approximately one-fifth of the 

farmers i.n this system use animal traction equipment. 

System 1 

The Peuhl Rfmaibe spatial organization of habitats and 

fields looks like a superimposition of both the Mossi and Bwa

Dagari spatial organizations. Some of the farmers live in a 

central village compound like the Bwa-Dagari while others live in 
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i=Compound of household #i 
Hi=Housefield of household #i 
V;=Village field of household 

#i 

, , 
I , 
I , 

\. 

" -- -------" 
I 

I , 
/ 

/ 133 

Bi=Bushfield of household #i 

-----Frontier between village 
land and bush land. 

Figure 6. Spatial House and Field Arrangement in the Peul-Rimaibe 
Farming System. 

21Grass being more abundant here than on the Massi Plateau, this 
reduces the need for transhumance in search for pastures by the 
herdsmen. 



separate household compounds scattered over the village territory 

like the Mossi 22 . About one-half of the sample members are found 
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in each case. This type of spatial organization enables more 

households to have house fields than in the Bwa-Dagari system but 

less than in the Mossi system. Households living inside or outside 

the village compound have village fields as well as bush fields. 

Housefield and village fields are generally fragmented and dispersed 

for the former and are generally contiguous for the latter. Maize 

and sauce plants are planted on housefields like in the previous 

systems. Millet, intercropped with cowpea, is extensively planted 

throughout the village fields and bushfields on uplands. Inside 

the millet fields are found several small areas planted with 

groundnut, fonio and earth peas. Lowland village and bush fields 

are planted with sorghum, especially white sorghum. 

There exists no predominant cash crop in the area, and 

almost all of the crop produced is autoconsumed. Poultry and 

small livestock (goats) husbandry is also practiced in association 

with the crop growing activities. The Peuhl-Rimaibe are former 

captives of the Peuhl herdsmen. As ~uch, cattle raising is their 

second major production activity a~d is practiced by many though 

not all. The cattle raising activity in association with crop 

growing activities is generally carried out by the majority of 

the households living outside the central village compound. This 

22Many of the farmers who live outside the village compound are in 
fact Mossi migrants. 



appears to be the major reason for their settlement outside the 

central compound. Farmers living in the central compound in 

general do not raise cattle and use hand tool technology. About 

one-tenth of the farmers in the study villages use animal 

traction technology. 

Al.l of the above farming systems will not be discussed in 

this thesis. Because of time and financial constraints encountered 

during the data analysis, further discussion will be concentrated 

only on the typical Mossi farming system in the Nonghin Village 

of System 4. The main purpose for presenting all four as above, 

was to point out the most apparent diverse characteristics of the 

farming systems in the region and thereby caution the reader 

concerning any extreme generalization of the results presented in 

the forthcoming sections. These results are not necessarily 

applicable to the entire study region. 
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CHAPTER 3 

SOIL FERTILITY MANAGEMENT SYSTEM -
RESOURCE ALLOCATIONS 

AND LAND TENURE IN NONGHIN (SYSTEM 4) 

The Soils 

Nonghin is located on ferrugineous soils north of Manga. 

Four major soil types are found in the village territory which can 

be divided into four major upland zones. each with a dominant local 

soil type as shown in Figure 7 on the following page. A more 

detailed picture of the soil type distribution on the sample 

houselands and village lands is given in Figure 8. 

Zone 1 in Figure 7 is the initial settlement site within 

the village territory. The predominant soil type in this area 

is a reddish-brown gravelly sandy soil (Sll) containing an average 

of 43 percent gravel. A coarser variant of the same soil type 

(SlO) appears in some places in the same zone. Zone 2 is, 

according to the village history, the second settlement site. 

As the village population increased, fields and compounds were 

expanded into this area whi.ch i.s covered mostly by a slightly 

brown sandy gravelly soil (S12) that contains an average of 

35 percent smaller gravel. Zone 3, which is chronologically 

the third settlement site~ is mostly covered by a gray sandy 
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Figure 7. Map of Local Soils in the Nonghin Village. 
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Figure 8. Locations and Soil Types of the Sample Houselands and Village 
Lands inside the Village Territory. 



soil (S20) that contains an average of 14 percent gravel. The low

lands along the seasonal water courses across the village territory 

are covered by slightly hydromorphic soils whose textures depend 

mostly on those of the adjacent upland soils. The major lowland 

soils are sandy silt soils (S60) and clayey vertisoils (S40). Zone 

4 which consists of relatively recent bush fields, most of which 

are located far away in other village territories, is mostly 

covered by upland sandy soils (S20) and lowland clayey vertisoils 

(S40). Particle compositions of the local soils are shown in 

Table 4 below. 

Table 4. Average Particles Composition 
(Upper 20 cm Layer) 

of Local Soil s in Nonghin 

Soil (a) Local Major Average Particles Compositions 
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Denomination Zone Percent Percent Percent Percent 
Gravel Sand Silt Clay 

10 Zingadega 1 50 33 11 6 

11 Kougri 1 43 40 11 6 

12 Kuigdiga 2 35 46 12 7 

20 Bi ns i ri 3,4 14 60 20 6 

40 Naka 4 14 21 30 35 

60 Z~-Bolle 1,4 14 55 26 5 

Note: (a) Soils are as described in Table 3. 



The study of pedological profiles through pits dug across 

the village territory shows the existence in the latter of 

basically four different types of layers. The number of layers 

found in a given profile vary according to the soil type in the 

manner shown in Figure 9 below. 
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520 

5!~_ 
511 

20 to 30 em Sand (color gray to light brown) 

-- -
5JO __ 

540 

em Sand mixed with small ferrugi
neous concretions (brown color) 

50 to 60 em Compact gravelly reddish-brown 
horizon containing altered gra
nitic and migmatic materials. 

>100 cm Vertisoil: dark green and 
cracked clay - sandy soil 
(prismatic structure) 

Figure 9. The Local Soil Profiles. 

The top three layers, especially the second and the third 

tend to become thinner as one moves toward lowland areas in the 

area. According to the farmers, as S20 is subjected to 

cUltivation it evolves progressively to S12 and sometimes to S11 



and SlOe In lowland areas, the evolution may lead to S40 or to a 

mixture of SlO and S40. This, as one may notice, is consistent 

with the soil survey results shown in Figure 9 if one assumes 

that cultivation leads to a loss of top soils or to a mixing of 

adjacent soil layers (Greenland and Lal, 1979). One may infer from 

such observati ons a IIcul ti vat; on ; nduced soil type hypothes; s II 

which will be further discussed in Chapter ~. 

Identification of the Soil Fertility 
Management Practices .. Definitions, 

Method and Application 

Definitions of Soil Fertility 

Physical Definition. Soil fertility in the physical 

sense of the word is a very complex notion that describes the 

ability of the soil to provide the plant with the physical support, 

the water and the mineral nutrients necessary for its growth and 

development. However, a simple definition of soil fertility may 
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be very helpful in understanding the discussion to follow. Let the 

total land resource reserve be defined as T = Ap~(qc) (1 - k) ~ (qp) 

where A is the land area, P is the soil useful depth, qc is the 

vector of chemical fertility elements as measure in the laboratory, 

e.g., qc = (N, P, K, ... ), s is a conceptual function that 

transforms Qc into a single measure of chemical fertility by taking 

into account, for instance, the usefulness of each element to 

plant growth and development. It may be the characteristic 



function of the most widely planted crop, such as millet, or a 

standard function for all crops. The soil chemical fertility 

elements are measured in the laboratory on the fine fraction of 

the se"il (i.e., di ameter ~ ~ 2fl1111). The term (1 - k) is the 

proportion of fine soil fraction, where k indicates the coarse 

fraction or the proportion of gravels (~ > 2mm) in the soil. 

It is generally assumed that ferrigineous and quartzite gravels 

directly supply the plant with negligible amounts of chemical 

fertility elements. The soil's organic matter content is often 

viewed as an acceptable single rough measure of qc in absence of 

mineral fertilizer use and for a given soil type. qp is the 

vector of the soil physical fertility elements. These include 

for instance, the soil's porosity and permeability (which reflect 

the soil's texture and structure), the moisture holding capacity. 

~ is the transformation function for qp' The soil's useful water 

content, as measured in the laboratory, is often viewed as an 

acceptable single rough measure of qp' P, the useful depth of the 

soil for roots exploration is generally viewed as good when it 

equals 100 cm and may be viewed as redundant for annual crop 

production when it exceeds 100 cm. This is the case in the 
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study area (Manga) where soils are sufficiently deep and the 

gravelly layer does not appear to limit seriously roots penetration. 

Given the terms defined above, let soil fertility be defined as 

q = p~(qc) ~ (qp) with pt[P,100 cm], let the soil's total (useful) 
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chemical fertility stock be Qc = Ps{qc} (l - k) and let soil quality 

be Q = q(l - k}. Crop output is most directly affected by soil 

fertility q which indicates the flow and stock concentrations of 

fertility elements in the soil IS useful depth as opposed to the 

other two terms underlined above which indicate respectively the 

soil total stock reserve and the soil total flow and stock reserve. 

Economic Definition. The Ricardian Land Theory sees land 

as an indestructible and durable asset embodied in the 
" 

"i ndestructi ble powers of the soil II whose use generates the rent 

received by the landlord (Ricardo, 1963, p. 29). From the point 

of view of the Fisherian Capital Theory (Fisher, 1930) land, 

like any Fisherian Capital, is a depreciable asset subject to 

investment (conservation and accumulation) and disinvestment 

(depletion). This view was the view adopted by most economists 

writing on the subject of soil conservation in the 1940 ls 

(Bunce, 1942). The current view of land resource as a productive 

input into the agricultural production process is a more or less 

complex reconciliation of both the Ricardian Land and the 

Fisherian capital definitions (Georgescu - Reogen, 1971; Gaffney, 

1965; Clark, 1980). This new approach in the contemporary 

resources economics theory defines a land resource as both a 

stock resource and a flow resource. The flow resource portion 

deals first with the soills physical and chemical aspects which 

are indestructible (e.g., the soil location, subsoil, etc.) or 



inexhaustible (e.g., iron) in the Ricardian sense. Secondly, it 

deals with those soil characteristics which are destructible, 

but economic to conserve in the Fisherian sense, because the 

present value of their flow of returns is greater than the 

present value of their conservation costs. In Gaffney terms, the 

first part is the "pure flow resource" and tne second part is 

the IIconservable fl ow II • 

The stock resource portion of land resources deals with 

those soil nutrients which leave the soil embodied in crops and 

livestock, which are exhaustible, but renewable, and are economic 
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to replace. They differ from the Fisherian conservable flow because 

they have a short-run variable input character and constitute what 

Gaffney called the "revolving fund." The last portion of soil 

resources is considered to be that part which yields a 

liquidation value and is not economic to replace. It is also a 

part of the Fisherian capital and in Gaffney terms is the 

"expendable surplus." 

The delineations between the above categories are highly 

variable as they depend mostly on economic and technical factors. 

These categories are of little, if any, use in measuring soil 

productivity and tackling the real world problem at hand. The 

last three categories, i.e., the "conservable flow", the 

"revolving fund" and the "expendable surplus" are those which 

under variable economics and technical conditions enter the economic 

decision making process and are the most identifiable with 



Fisherian Capital. For such reasons and for practical purposes, 

soii fertility (or soil productivity) will simply be regarded 

in this study as a Fisherian Capital and the term "soi1 

fertility management" will refer to all technical and economic 

farming activities that result in an increase, a maintenance or 
.-

a depletion of such a capital asset. 

The Elementary Soil 

Identification of The Soil 
Fertility Management System 

Fertility Management Activities 

Every crop system may be subdivided into two separate, but 

interrelated, subsystems: the plant subsystem and the soil sub

system. Managing the soil subsystem basically consists of 

exporting and importing fertility elements from and into the soil. 

The fertility elements are exported by the plant subsystem to 

produce the crop. The amount of fertility elements exported from 

the soil depends on the types of plants that are exporting slJch 

elements. Therefore, the nature of the plant system supported 

by the soil from one season to the next (Fallow, cereals, legumes, 

intercrops and sole crops), that is the nature of the crop 

sequence, is an important factor in soil fertility management. 

So are the farm activities directly carried out on the soil 

subsystem such as (a) applications of organic and chemical 

fertilizers, (b) antierosion and water conservation measures, 

(c) tillage and the process of seedbed preparation in general. 
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These activities mostly lead to the importation and conservation 

of fertility elements and as such are on the import side of the 

soil fertility management system. The plant system generally 

exports fertility elements from the soil and as such is in general 

entirely on the export side of the soil fertility management system 

except when leguminous plants are involved. The latter fix 

atmospheric nitrogen and may improve the soil fertility in that 

element, they also protect the soil against erosion and runoff. 

In that case, the plant subsystem enters both the export and import 

sides of the fertility management system. The most commonly 

cultivated leguminous crops in the studied areas are cowpea, 

groundnuts and earth peas. Cowpea is mostly used as an intercrop 

whereas groundnuts and earth peas appear primarily in crop 

sequences or rotations. 

Crop sequences from the point of view of farmers in the 

region are a major means of maintaining soil fertility. They 

consist of a sequence of plants of different species on the same 

field, each for a certain period of time. When the plants of the 

crop sequence are well defined and when the length of time each 

stays on the field is well specified, the crop sequence is 

usually referred to as a crop rotation because of its determi

nistic and cyclical aspects. Crop rotations are thus only 

particular cases of crop sequences. Most farmers in the region 

follow well defined crop sequencing principles designed by 

themselves or traditionally inherited from their ancestors to 
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maintain yields and farm output above a minimum. The implementaticn 

of such a principle on the field during a given period of time is 

determined by the chain of management events that takes place 

during that period. They can be either environmental (i.e., the 

onset of the rains, pest infestation such as striga infestation, 

etc.) or economic (i.e., decline in yield, shortage of labor, 

cattle paddock on farmer's field by herdsmen, ... etc.). 

Where the chain of events is cyclical or cyclically antici

pated by the farmer, it leads to crop rotations. Where it is more 

stochastic, it leads to irregular crop sequences which are 

probablistic rather than deterministic in nature and are closer 

to reality in the studied areas. Therefore, the term "crop 

sequence" will be preferred to the term "crop rotation" in the 

forthcoming sections. Not all crop sequences in the region involve 

leguminous crops as soil fertility improving crops, many involve 

the cereals millet and fonio. When used as cereal precedents, 

they improve the soil physical and chemical fertility and thereby 

its yields23 • 

23The roots and the residues of millet and fonio modify positively 
the soil structure. The destruction of those residues by 
mi croorgani sms such as termi tes and thei r i ncorporati on .i nto 
the soil mainly improve the soil's moisture holding and 
cation exchange capacities. They also lead to a reduction 
and elimination from the soil of yield-depressing toxines 
that accumulate in the soil under continuous sorghum planting. 



Identification of The Classes of Soil 
Fertility Management Practices 

The soil fertility management systems observed in the 

study areas are more or less complex combinations of the 

elementary soil management activities mentioned above (crop 

sequences, such as those that involve fallow and leguminous 

crops; fertilizer application, antierosion measures, etc.). 

Because such elementary activities have residual effects, time 

is an important dimension of soil fertility management. Let (C t ) 

designate the crop sequence observed on a field over a certain 

time period of say T crop seasons. Let (Ft ) designate the 

fertilizer sequence and (SPC t ) designate the soil preparation and 

conservation sequence. Over the given time period T, the matrix 

Ct 

Ft indicates the type or class of soil fertility 

SPC t 

management to which a given field has been subjected during that 

time period. 

In order to obtain the soil fertility management classes 

in each farming system, a six-year time period was chosen (T=6) 

beginning in 1976 and ending in 1981, the year the field work was 

carried out. The data for 1981 were obtained through direct 

observations, and the data for the previous years were obtained 

in rigorous field history interviews24 • A six-year time period 

24The methodology, the questionnaire and their justification are 
presented in the Appendix D. The field history data are mostly 
qualitative data. 
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was chosen for three major reasons: (l) to reduce memory recall 

errors from the part of the farmer; (2) because it had been 

estimated that the residual effects of any soil management activity 

cannot in general last more than five years; and (3) because very 

few of the cyclical management practices perceived during the 

reconnaissance surveys had a cycle length greater than five 

years. However, additional questions have been added to the 

questionnaire to capture management practices of greater cycle 

1 ength. 

Fifteen different types of crop sequences (C t ) have been 

identified in the four farming systems over the six-year period 

based on their p13nt type composition. These are: 

01. Cereal crops sequences 

02. Miscellaneous crops seql!ences 25 

03. Cereals and miscellaneous crops sequences 

04. Cotton sequences 

05. Cotton and cereals sequences 

06. Cotton and miscellaneous crops sequences 

07. Leguminous crops sequences 

DB. Cereals and leguminous crops sequences 

09. Leguminous and miscellaneous crops sequences 

10. Cotton and leguminous crops sequences 

11. Cereals, cotton and leguminous crops sequences 

25All crops other than cereals, cotton and legumes. These are 
mostly sauce plants, tobacco, and tuber roots. 



12. Cereals, cotton and miscellaneous crops sequences 

13. Cereals, miscellaneous and leguminous crops sequences 

14. Cotton, miscellaneous and leguminous crops sequences 

15. Cereals, cotton, miscellaneous and leguminous crops 
sequences 

Among these, a differentiation has been made between two 

categories of crop sequences; those where the crops have been 

planted each year in pure stands and those where the crops have 

been mixed for at least one year over the six-year period. 

Regarding the presence of fallow in the crop sequence (Ct ) 

and also regarding the fertilizer sequence (Ft ), four subcategories 

of crop sequences have been further differentiated within each of 

the two categories of crop sequences mentioned above. These are: 

1. The sequences with zero fallow and zero fertilizer 

during the six-year time period. 

2. The sequences with at least one year of fallow during 

the six-year period and with zero fertilizer. 

3. The sequences with zero fallow, but with fertilizer 

application for at least one year during the six

year period. 

4. The sequences with both fallow and fertilizer 

application, each for at least one year during the 

six-year time period. 
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All these differentiations lead to 120 possible classes of 

soi1 fertility management practices of the fonn m = [::J . Each 

of which may be designated in the form 

where N1 takes on the values 1 or 2 depending on whether the 

plants in the crop sequence are planted in pure stand or mixed 

(for a mi nimum of one year), N2 takes on the number of the crop 

sequence as presented above with N2 E [1, ISJ. N3 takes on the 

value 0 when the field has received no fertilizer during the six

year period and takes on the value 1 when it has received any 

type of fertilizer for at least one year. N4 takes on the value 0 

in case of zero fallow and takes on the value 1 when the field has 

been left in fallow for at least one year over the six-year time 

period. For instance m = 1 - 01 - 0.0 indicates the management 

class of all fields planted in pure stands of cereal during each 

of the past six years without fallow and without fertilizer 

application. This example and others are illustrated in Table Sa. 

Finally, the individual management classes mj are arranged into a 

block matrix (M) so that M = ~mj. The block matrix is presented 
J 

in the form of a contingency table (Table Sb) in which the cell 

frequencies indicate the percentages of cultivated area under 

each management class. The resulting matrix is the soil fertility 

26The vector (SPCt) is temporarily left out for simplification. 
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Table SA. Examples of Management Classes 

Year 1976 1977 1978 1979 1980 1981 Managem:nt C~ass 
N1-N2-N3 N4 - mj 

,.... Crop Sequence (Ct ) = Cer Cer Cer Cer Cer Cer 
E ----------------------------------------------------------------------- 1-01-0.0 = m 
~ Fertili zer Sequence (F t)= 0 0 0 0 0 0 1 

N Crop Sequence = Cer/M Cer/M Cer/M Cer/M Cer/M Cer/M 
. ----------------------------------------------------------------------- 2-03-1.0 = m !a Fertil i zer Sequence = F F 0 F F F 23 

x 
LLJ 

M Crop Sequence = Cer/M Cer/M Cer/M Cer/l Cer/L Cer/L 
. ----------------------------------------------------------------------- 2-13-1.0 = m !a Fertil i zer Sequence = F F F 0 F F 103 

x 
LLJ 

~ Crop Sequence = Cer/L Cer/L Cer/L Cer/L Cer/1 Cer/L 
E ------------------------------------------------------------------------ 2-08-1.0 = m ~ Ferti 1 izer Sequence = F F F 0 0 0 63 

u..: 

~ Crop Sequence = Cer/L 00 Cer/L L Cer/L Cer/L 
E ------------------------------------------------------------------------ 2-08-1.1 = m ~ Ferti lizer Sequence = F a F 0 F 0 64 

LLJ 

~ Crop Sequence = 00 00 00 Cer/L Ce~* CerL* 
E -------------------------------------------------------------------- - - 2-08-0.1 = m ~ Fertilizer Sequence = 0 a a a 0 a 62 

LLJ 

Notes: Cer=Cerea1, M=Misce11aneous crop, L=Legume, 00=Fa110w, A/B=A intercropped with B, 
O=no fertilizer applied, F=Fertilizer, *=planted in one portion of the field. 

en 
~ 



Table S8. The Soi 1 Fertility Management System Matrix 

N2 N1 ~ 1 2 
4- N3.N4~ 0.0 0.1 1.0 1.1 0.0 0.1 1.0 

01 ml m2 m3 m4 mS m6 m7 

02 m9 m10 mll m12 m13 m14 m15 
03 rn17 m18 m'9 m20 m21 ~2 ~3 
04 m25 m26 m27 m28 m29 m30 m31 
05 m33 t m34 m35 m36 m37 m38 m39 

06 m41 m42 m43 m44 m45 m46 m47 
07 m49 mSO mS1 m52 m53 m54 m55 

08 mS7 m58 m59 m60 m61 m62 m63 

09 m65 m66 m67 m68 m69 m70 m71 
10 m73 m74 m75 m76 m77 m78 m79 

11 m81 m82 m83 m84 m85 m86 m87 

12 m89 m90 m91 m92 m93 m94 m95 

13 m97 m98 m99 m100 m101 m102 m103 
14 m105 m106 m107 m108 m109 mllO mll1 
15 ml13 ml14 m1l5 m1l6 m1l7 m1l8 m1l9 

Notes: The soil fertility management matr'ix is defined by the m 
set. The rest of the table is self-explanatory. 

mj=r~anagement class #j numbered from left to right 
and from the top to the bottom of the table. 

NI, N2, N3 and N4 are as defined in the text. 
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management system matrix which provides a preview of the farming 

system's soil fertility management component and which is useful 

in distinguishing between the soil fertility management compo

nents of various farming systems in the study region. 

The Soil Fertility Management Classes 
in the Nonghin Village 

Applying the above principles to the soil fertility 

management system of the Nonghin Village in System 4 produces the 

result shown in Table 6. The results shown in Table 6 indicate 

that the soil fertility management system of the Nonghin village 

is clearly dominated by management classes involving inter

cropped cereal-legumes sequences (N1 = 2, N2 = DB). The latter 

cover 90.5 percent of the total cultivated area (see total Nl=2 

for N2 = DB). Pure and mixed {or intercropped} cereal-legume 

sequences occupy 92 percent of the total cultivated area (see 

N3.N4 = All, under totals in last column for N2 = DB). The 

major secondary soil fertility regeneration techniques used in 

addition to the dominant crop sequencing and intercropping 

techniques are fertilizers and fallow. As shown at the 

intersections of the last row and the last five columns in Table 6, 

45 percent of the total area cultivated in 19B1 received some 

form of fertilizer at least once during the years 1976-19Bl. In 

the same context, 10.7 percent of the cultivated area was 

subjected to either fallow or fertilizer application, at least 



Table 6. The Nonghin Village Soil Fertility Management 
System Matrix 

Percentages of Cultivated Field Area per Class: 

Nl 

N2 N3.N4 

01 Cer. 

02 Misc. 

03 Cer. Misc 

04 Cot. 

05 Cer. Cot. 

06 Cot. Misc. 

07 Leg. 

08 Cer. Leg. 

09 Leg. Misc. 

10 Cot. Leg. 

11 Cer. Cot. Leg. 

12 Cer. Cot. Misc. 

13 Cer. Leg. Misc. 

14 Cot. Leg. Misc. 

15 Cer. Leg. Cot. Misc. 

Totals 

1 2 
Sale Crops Mixed Crops "' ~ ..... " o~ 

0.0 O. i 1.0 1.1 0.0 .... "" 0.1 1.0 1.1 

0.8 p.8 

1.8 0.1 

1.5 10.3 32.5 9.4 8.3 1.5 

.4 

3.0 0.9 

0.0 1.5 0.8 0.0 0.3 32.5 ~4. 10. 2.3 

-Average Farm Size in 1981 = 3.75 ha 
.Proportion cultivated in 1981 = 86% 
.Proportion under fallow in 1981 = 14~ 

~ Totals'l + 2 ION 
..... " o ~ 
.... "" 0.0 0.1 1.0 1.1 All 

p.8 0.8 

1.9 1.8 0.1 1.9 

90.5 0.3 34.C 39.4 8.3 92.0 

1.4 1.4 1.4 

3.9 3.0 0.9 3.9 

<;7.7 10.3 34.0 45.0 10.7 100. 

Notes: The soil fertil ity management matri xis delimited by the 
thick line. The rest of the table is e~planatory or analytical. 
Cer=cereals, Misc.=miscellanous crops, Cot=cotton, Leg=leguminous 
crops. Nl=tntercropping system, N2=crop sequence number, N3=O=no 
fertilizer, N3=1=fertilizer applied, N4=O=no fallow, N4=1=fallow 
N3.N4=O.O=no soil fertility regeneration technique, N3.N4=O.1=soil 
fertility regenerated with fallow only. N3.N4=1.O=soil fertility 
regenerated with fertilizers only. N3.N4=1.1=soil fertility 
regenerated with both fallow and fertilizers. Total N;=l indicates 
the total percentage area covered by the management classes that 
involve a sole cropping system for each crop sequence. Total Nl=2 
indicates the total percentage area covered by the management 
classes that involve a mixed cropping system for each crop sequence. 
Totals indicate the total percentage area for each N3.N4 value and 
each crop sequence. 
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once during the six-year time period. The above results, 

therefore, leave no doubt about the fact that the farmer in 

the Nonghin village farming system undertakes measures to 

regenerate soil fertility. 

Basic'Princip1es 

Identification of The Soil Fertility 
Management Practices 

The soil fertility management practices (Pkj ) are sUbcate

gories of the soil fertility management classes (mj)' i.e., 

mj = ~ Pkj so that M = k~j Pkj . The categorical variable used 

to distinguish between the elementary management practices within 

each management class may be the specific nature of the crop 

sequence or the specific nature of the fertilizer sequence. In 

this study, the specific nature of the crop sequence has been 

selected as the categorial variable because crop sequences, 

especially those that involve fallow and legumes, are more widely 

used to regenerate soil fertility than fertilizer sequences. For 

instance, let (Ct ) be the cereal-legume crop sequence. By 

using the specific nature of the crop sequence as a categorical 

variable, one may distinguish for example, between (Ct)l = Red 

Sorghum - groundnut sequence, (Ct )2 = White Sorghum - groundnut, 

sequence, (Ct )3 = millet - groundnut sequence, etc. In this way, 

(C t ) = ~ (Ct)k where k is the number of the specific crop sequence 

in the cropping system under study. mj and (Ct)k provide the 

coordinates to determine each practice Pkj as shown in Table 7. 
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Table 7. Determination of the Soil Fertility Management Practices 
Matrix. 

(Ct)k + (C t ) 1 (C t )2 (Ct )3 (C t ) 4 (C t )k mj 

ml PI,l P2,1 P 3,1 P 4,1 P . k, 1 _. 
m2 P1,2 P2,2 P3,2 P 4,2 Pk,2 

P3,62 

P1,120 

Notes: Pk,j = Practice of class = j and of specific crop 
sequence #k. If one defines (C t )3 = millet/cowpea -
groundnut sequence for instance; P3,62 would correspond 
to the planting of millet intercropped with cowpea 
which would follow groundnut after a fallow period 
without any use of fertilizer. 
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The Matrix of Soil Fertility 
Management Practices 

As one may expect, a large number of the matrix cells in 

Table 7 will be empty for a given cropping system. The importance 

of each Pk,j in the system is accessed through the percentage of 

the total cultivated area that it occupies. Instead of considering 

all of the elementary practices in an analysis, one may define a 

smaller set of management practices by takfng the subset of 

practices in each row or in each column of the matrix on the 

table as a type of management practice. In the case of the 

village Nonghin in System 4, for instance, and as it will appear 

in the next section, each column of Table 7 corresponds to a 

particular cultivation ring. The intensity of land use varies 

significantly across such cultivation rings. The utility of this 

classification method for an analysis of the cropping system 

productivity is based on the assumption that the intensity of 

land use increases with time. Since each management practice 

reflects an intensity of land use because of the time d'imension 

that is incorporated into its definition, yield and resource 

productivity analyses across elementary management practices or 

sets of management practices may shed some light on the dynamic 

evolution of the system's productivity, as it progressively 

shifts to more land intensive sets of management practices,Ceteris 

Paribus. Further clarifications on this point will be provided 

in the forthcoming sections. 
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Elementary Crop Sequences, Management Practices 
and Management Rings in Nonghin 

The principles outlined above are applied in this section 

to the farming system of the Nonghin village in System 4. 

Elementary Crop Sequences and 
Management Practices in Nonghin 

Let A be the expected value (or the central tendency) of 

the cycle length of the crop sequence (Ct \ ~ and let n be the 

number of different components of the crop sequence. Al is the 

expected time length spent by the first component on the 

field and An is the expected time length spent by the nth 

component on the field, so that, A = Al + A2 + A3 + •.• An' 

,The specific elementary crop sequences found in the Nonghin 

village defined with the above terms are shown in Table 8. A 

cross tabulation of the elementary crop sequences with the set of 

management classes mj that exist in the system generate a set of 

nonempty cells which indicate the existing management practices 

as shown in Table 9. The detailed input-output and technical 

characteristics of the major practices are shown in Table 10. 

The Management Rings of Nonghin 

The numbering (k) of the elementary crop sequences (as 

shown in Table 8) is due to the fact that a high correlation 

has been observed between the elementary crop sequences and the 

location of the fields with respect to the household compound. 
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Table 8. The Elementary Crop Sequences in Nonghin 

Ring k Component #1 Component #2 Component #3 Component #4 
for A1 Seasons for A2 Seasons for A3 Seasons for A,4 Seasons 

1a Maize/Sauce Plants 
R1 

1b Maize/Sauce Plants Red Sorghum/Cowpea 

R2 2 Red Sorghum/Cowpea 

R3 3 Red Sorghum/Cowpea Groundnuts, Earthpeas 

4a Red Sorghum/Mi11et/ Groundnuts*, Earthpeas* 
R4 Cowpea 

4b Red Sorghum/Cowpea Millet/Cowpea Groundnuts*, Earthpeas* Fallow** 

5a Millet/White Sorghum/ Groundnuts*, Earthpeas* Fa1low** 
R5 Cowpea 

5b Fallow Millet/White Sorghum/ Groundnuts*, Earthpeas* Fallow** 
Cowpea 

A/B = A intercropped with B 
Notes: * These components do not occupy the entire field at once; they occupy different portions 

of the fields in different years and are engaged in a cyclical spatial rotation. 
** Short partial fallows (one t~ five years) engaged in a cyclical spatial rotation and 

progressively disappearing. ; 
(a) The determination of the e1errentary crop sequences is based on a longer time period 

(on the average 40 years) than the crop sequence in the table which is based on a six-year 
time period. The farmer is asked to describe, in general, the crop-fallow sequencing 
system applied on his fields, the time since a given field received any form of fallow 
and the time length of the fallow. The implied (Ct)k is then deducted from the 
description, and a value of k is assigned to the field after a consistency check. Almost 
no inconsistency has been found between the cross-checked portion of the field history 
used to construct the table and the sequencing principle described by the farmer. 
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Table 9. The Soil Fertility Management Practices in Nonghin (Percentages of Cultivated Area). 
------ -

Ring 1 Ring 2 Ring 3 Ring 4 Ring 5 
J I/) 

K+ 1a 1b 2 3 4a 4b Sa sb ~ 
0- QJ 

.} 0 N 
~ ..... 

Ma/Sp Ma/Sp- RS/Cwp RS/Cwp- RS/Mi/Cwp- ' RS/Cwp- Mi/WS/Cwp- Fa110w-mj u ,..... ~ 3: 
~ ..... 1:0 
QJ ~ QJ,..... RS/Cwp . G, EP .-G, EP Mi/Cwp- G, EP Mi/WS/Cwp 
~ ~ u,..... 

.} I: QJ QJI13 G, EP ..... lL. 0:: lL. 

m3 no yes no (0.61)* (0.2l) 
m23 yes yes no 1.87 9. 

m24 yes yes yes 0.13* 
ms7 no no yes (l.47)* 
m61 yes no no 1.22 1 1. 81 10 0.75* 6.50 5 

m62 yes no yes 0.14* 32.37 1 

m63 yes yes no 12.90 3 7.20 ~ 4.18 7 15.07 2 

m64 ,y'es yes ye s 3.92 8 4.31 6 

m96 yes yes yes (1.46)* 

ml 03 ~es 'Les no 0.56 12 ,(1.65)8 (0.80)* 
ml04 yes yes yes 0.16* 1(0.881* 
Notes: All the mj that exist in the village as found in Table 6 are entered in Column 1. Figures 

inside Table are the percentage area covered by each management practice as defined by k' and 
mj. Figures in the upper right corner of each cell indicate the rank of the practice on the basis 
of the percentage area covered. k is as defined in Table 8 and mj is as defined in Tables 5 
and 6. Ma=Maize; Sp=Sauceplant; RS=Red Sorghum; Cwp=cowpea; Mi=Mi11et; WS=White Sorghum; 
G=groundnuts; EP=Earthpeas. (-) *=Exceptiona1 practices that show a minor difference with the 
elementary crop sequences shown in Table 8 (e.g., sole cropping with no cowpea intercrop as 
indicated by Nl=l) and are found on one or two fields. *Exceptional practices consistent with ~ 
elementary crop sequences, but found on one or two fields only. 00 



Table 10. Major Characteristics of the Soil Fertility Management Practices 

HP Rlf{; AVO HA DMHA FOM CFHA FCF PFF YSlF lF PDCWP FCW PFG Y5GP YDGP PAE 510** 511** 512** 520** 540** 560** TPlHA TUAH VOPHA VOPl TPD 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 

12 

5 

5 

2 
3 

5 

5 
4 

4 

1 

3 

2 

6.595 1.20 o 0 
996 
183 
119 

463 
121 

.86 0 0 

.27 1,461 4 

.50 951 3 

.51 0 0 

.90 0 0 

o 
19.1 
16.8 
5.0 
o 

5.0 
834 .43 o 0 12.5 
145 .49 740 1.4 10.3 

31 .05 5.671 5.5 7.7 
234 .56 0 0 0 
275 .19 0 0 0 

15 .04 18.694 4.3 16.3 

o 100 2.6 25 4.744 3.0 35 1.5 
2.3 73 13 15 2.058 5.4 55 2 
1.5 23 19 5 1.173 5.7 0 0 
3.2 78 14 13 1.706 5.0 100 3 
o 38 9 8 2.135 5.0 25 1.5 
.7 100 2.3 14 2.599 2.3 33 1 

1.7 33 25 16 3,384 4.7 502 
1,0 100 3.6 12 1.145 3.2 401.5 

.4 41 17 3 0 0 0 0 
o 0 0 

000 
.1 11 17 

o 
o 
4 

966 5 100 4 

446 5.5 0 0 
85 3 0 0 

o 
o 

o 0 

1 40 

35 
15 
15 
15 

o 100 

40 
o 6 

o 90 

3 

1 

5 

2 

o 
o 
5 

12 
o 
o 
o 

MP Is the rank of the management practice as 
indicated in Table 9. 

CFHA=Average Ki109rams of Chemical Fertilizer 
per Hectare 

17 

o 
29 
11 

68 
69 
o 
o 
18 
19 
87 
17 

AVD=Average Distance of Sample Fields from 
Compound 

FCF=Average Abs. Frequency of Chemical Fertilizer 
Application (in Six Years) 

PFF=Percentage of Fields Fallowed during the last 
50 Years 

3 

24 
19 
o 
o 

39 
o 

19 
o 
o 

31 

HAzAverage Field Size in Hectares 
VOPHA=Average Value of Ouptut per Hectere 

(CFA francs) 
TPLHA·Average Total Production labor fer 

Hectare 
VOPl-Average Value of Output per Hour ~f 

Production labor 

YSlF=Average Years Since the last Fallow was Cleared 
AVlF=Average length of the Last Fallow in Years 
POCWP=Planting Df!nsity of Cowpea Intercron per Hectare 
rCW=Abs. Frequency of Cowpea Intercrop per Year and 

TUAHzAverllge Total Animal Traction "ours 
per Hectare 

CHHA=Average Kilograms of Organic Manure 
per Hectare 

FOH=Average Abs. Frequency of Organic 
Manure Application in Six Years 

Field in a Six-Year Period 
TPO=Average Total Planting Density. Numbl:'r ('f Plants 

per Hectare Near Harvest 
TNS=Average Total Number of Stems per Hect?re Near 

Harvest 
PFGP=Percentage of Fields Planted with Groundnut 

at least once from 1976 to 1981 
All averages per hectare are weighted ~Iith field area. (i.e .• (X/A) = rAiXi 

fAr 
All averages are obtained on the subset of data with no miSSing values (142 fields over lU~). 

26 
52 
21 
56 
30 
23 
46 
74 
10 

81 
13 

31 

50 
28 
1 

o 
o 
o 

15 
11 

o 
o 
o 

11 

5 

10 
13 

8 

o 
8 

o 
10 
41 
o 
o 
5 

630 57 
360 51 
787 101 
449 102 
491 55 
287 16 

22.518 36 45.000 
24.177 67 45.000 
71.002 90 35.000 
44.772 100 38.000 
33.797 69 45.000 
16,383 57 45,000 

409 36 40,605 99 40,000 
640 115 40,923 64 40.000 
559 31 147,712 264 30.000 
417 57 45,550 112 38,000 
383 83 69.913 183 35,000 
654 75 170,990 261 30,000 

YSGP=Average Number of Years Ago Since Last 
Groundnut Planting Beginning with the 
Current Year 

YDGP=Average Number of Years Groundnut was 
Planted between 1976-1981 

PAE=Percentage of Fields with Permanent Anti
Erosion Devices 

**=Percentage of Cultivated Area under Each 
local Soil Type per Ring. 510 - S6D are 
Soil Types as Defined in Table 3. 

* =Prices used are post harvest-average December 
1981 grain prices. These are in CFA francs per 
kilogram; millet. 58.8 f/kg; white sorghum, 56.7 
f/kg; red sorghum, 38.9 f/kg; maize, 108 f/kg; 
groundnuts. 135.1 f/kg; cowpea. 87.5:f/kg; earth
peas. 64.5 f/kg. 

Production labor includes labor used on all cropping 
activities. except labor used to harvest the crop. 
See Appendix B. 
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The sequences k = 1a and k = 1b are always found on housefie1ds. 

The sequence k = 2 is almost always found on village fields. 

The sequence k = 3 is generally found in village fields somewhere 

inside the area covered by the fields of sequence k = 2. The 

sequences k = 4a and k = 4b are intermediary sequences genera'I1y 

found in the transition zone between the more or less permanent 

~orghum fields and the millet and white sorghum fields. The 

latter which belong to sequences k = 5a and k = 5b are found 

predominantly on bush fields in the Fallow Zone, especially for 

k = Sa. Many of the sequences with k = 5b are found on the 

edge of the village land. The values of k are, therefore, more 

or less positively correlated with the distance between the 

field and the compound. Therefore, if one conceptually draws 

concentric circles or rings around a given household compound as 

shown in Figure 10, one finds the fields with k = 1a and k = lb 

in the first ring (Rl). Most of the fields with k = 2 are in 

the second rings (R2); most of the fields with k = 3 in the 

third ring (R3); most of the fields with k = 4a and k = 4b in the 

fourth ring (R4) and the majority of fields with k = 5a or k = 5b 

inside the fifth ring (R5). Furthermore, as one may judge from 

the absence of fallow in the crop sequences, the rings reflect 

various intensities of land use. Consequently, one may say that 

the relative intensity of land use is higher in rings R1, R2, 

and R3 than it is in rings R4 and R5. Figure 10 and Table 11 

give a conceptual picture of the cropping system obtained by 
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RING MAJOR CROPS 

1- Maize, Red Sorghum, 
Sauce plants 

2- Red Sorghum/cowpea 

3- Red Sorghum/ 
cowpea, groundnuts 

4- Red Sorghum a 
Millet /cowpea 

5-Millet a White 
Sorghum /cowpea 
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Figure 10. The Soil Fertility Management System. 



Table 11. Some Input-Output and Soil Fertility Management Characteristics of the Cultivation Rings. 

Average Local Soils Distribution 
Ring Range AVD A HA VOPHA* TPLHA VOPL TUAH rnHA Frn CFHA FCF PFF YSLF AVLF PDCWP FCW TPD TN5 PFGP Y5GP YDGP PAE (Percent Area") em) (%) 

510 511 512 520 540 560 ------------
0-40 25 2.7 0.0525 169,237 619 273 40 9,082 5.0 9.2 0.6 35 14 22 1.028,407 42,264 0 - 94 9 17 20 17 6 31 

2 40-410 227 16.4 0.2800 69,218 691 100 91 1,263 3.6 14.1 1.4 24 18 6 1,065 5.4 34,630 59,196 0 - 3 9 30 19 21 5 II} 

3 18-226 140 9.1 0.5100 45,130 442 104 93 760 2.4 4.0 2.6 64 14 13 1,5725.037,64444,096 100 3 1.0 40 4 13 15 62 0 6 

4 410-554 456 10.4 0.4:'00 41,685 522 80 62 318 1.0 12.1 1. 1 56 8 13 4,534 4.0 40,256 57,592 56 0.6 2 5 17 60 12 4 

5 554-3053 3024 61.4 0.8900 24,373 514 47 52 0 0 5.2 0.8 81 6 20 3,887 4.0 44,925 56,242 37 1.6 12 21 22 34 34 8 

Notes: The average range of each ring is given in meters. It indicates the modal zone where most fields are found. 
AVD:Average Distance of Sample Fields from Compound CFHA=Average Kilograms of Chemical Fertilizer TNS=Average Total Number of Stems per 

per Hectare Hectare Near Harvest 
%A=Percentage of Cultivated Area 
HA:Average Filed Size in Hectares 
VOPHA:Average Value of Output per Hectare 

(CFA francs) 
TPlHA=Average Total Production labor per lIectare 

in Hours 
VOPl:Average Value of Output per Hour of labor 
TUAH:Average Total Animal Traction Hours per 

Hectare 
rnHA:Average Kilograms of Organic Manure per 

Hectare 
FOM:Average Abs. Frequency of Organi c Manure 

Application in stx Years 

All averages per hectare are weighted aver3ges. 

FCF=Average Abs. Frequency of Chemical PFGP=Percentage of Fields Planted with Groundnut 
Fertilizer Application (in Six Years) at least Once from 1976 to 1981. 

PFF=Percentage of Fields Fallowed during the 
las t 50 Years 

Y5lF=Average Years since the last Fallow was 
Cleared 

AVlF=Average length of the las t F? 11 C~, 
in Years 

PDCWP=Planting Density of Cowpea Intercrop per 
Hectare 

FCW:Abs. Frequency of Cowpea Int~rc~c~ per 
Year and Field in a Six Year Perio~ 

TPO:Average Tota I PI ant i ng Dens i t~" ~:::mber of 
Plants per Hectare Near Harvest 

The weights used are the field areas. 

YSGP:Average Number of Years Ago since last 
Groundnut Planting 8eginning with the 
Current Year. 

YDGP:Average Number of Years Groundnut Was Planted 
between 1976-1981 . 

PAE:Percentage of Fields wi th Permanent Antt -Erostm 
Devi,es 

*Prices used are post harvest average December 1981 
graill prices. These are in CFA francs per kl1ograll\ 
millet, 58.8 fikg; white sorghum, 56.7 f/kg; red 
sorghum, 38.9 f/kg; maize, 108 f/kg; groundnuts 
135.1 f/kg; cowpea, 87.5 f/kg; earth peas, 64.5 ffig 

**=Percentage of cultivated area under each soil 
type per ring. SIO - 560 are Soil Types as 
Defined in Table 3. 
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looking at it through the soil fertility management IImicroscope" 

with some of its input-output and management characteristics as 

accessed within the village sample. 

The management rings are subsets of the elementary soil 

fertility management practices grouped by the specific nature 

of their crop sequences and by the apparent intensity of land 

use that coincide with the location of their fields with respect 

to the household compound. They correspond to the columns of 

the management practices Matrix in Table 9. The management rings 

were chosen to ease the analysis, by increasing the number of 

observations in the categories being analyzed. The analysis in 

the forthcoming sections will be concentrated on the five 

management rings. 

One should, however, distinguish between the traditional 

cultivation rings, referred to as housefields, village fields and 

bush fields, and the management rings defined here. The former 

are only location specific and are vaguely defined with respect 

to the entire village. The management rings are crop sequence 

specific and coincide in general with locations that are defined 

with respect to the individual household's compound as shown in 

Figures 10 and 11. For instance, a household's fifth ring field 

is in general the farthest field from the household's compound. 

It is not necessarily what one may call a bushfield even though 

most fifth ring fields are found on bush land. Many fifth ring 

fields could be found on village land as well. An illustration 

of the above point appears in Figure 11 on the following page. 



Cj = Compound of Household # i 

Fi,j = Field of Household # i in Ring =1* j 

Figure 11. An Example of the Configuration of Three Household's 
Management Rings.* 

*Peripheric fields such as F, 5; 'F3 5. and F2 5 are fifth. ri.ng fields 
which are usually bush fielCl~. 'f3 5 prohdes an example of a 
fifth ring field which is a village 'field. 
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The Cultivation System from The Soil 
Fertility Management Perspective 

Each household cultivates on average seven fields on one 

to four pieces of land (terrains) scattered in all four zones. 

The average number of lands per household in the sample is 2.5. 

This allows most households to crop on more than one soil type. 

The 1981 average farm size in the village sample was about 3.75 

hectares. Eighty six percent were cultivated while the remaining 

14 percent were not. The latter consisted mostly of unferti1e 

and Striga27 infested areas. On the average, the hand tool 

farm measured about 2.70 hectares and 70 percent of its area was 

cultivated. The animal traction farm measured 4.10 hectares and 

90 percent of its area was cultivated. About 7.3 people were 

living on the average farm, 6.2 on hand tool farms and 7.7 on 

animal traction farms. The cultivated area per capita (a) was 

then about 0.44 hectares for the entire sample, 0.29 hectares on 

hand tool farms, and 0.48 hectares on animal traction farms. 

The allocation of land to crops and the management of soil 

fertility depend mostly on the distance from the household 

compound to the land and the soil type; however, the distance 

factor seems to bear a particular importance. On the basis of 

the distance factor and crop sequence, one may distinguish among 

27Striga is a common plant parasite in the region, it is a 
weed that parasitizes and kills sorghum and millet at the 
root level. 
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the five management rings 28 previously discussed in this Chapter 

and shown in Figure 10 and Table 11. Ring 1 is partly or entirely 

planted each year with maize and sauce plants. In many cases it 

is divided into two parts, one bearing permanently the maize crops 

(la) while the other (lb) is subjected to a rotation between maize 

and red sorghum intercropped with cowpea. Ring 1 receives the 

largest amount of organic manure per hectare on the farm and is 

generally ploughed before planting. It is also the place where 

antierosion devices such as dikes are most commonly found. Ring 2 

is in general planted each year with red sorghum intercropped with 

cowpea and is frequently manured. Ring 3, lo·cated inside Ring 2, 

is in general also planted each year with red sorghum intercropped 

with cowpea, but the crops are occasionally replaced with groundnuts 

and peas for one year at a time. The Ring 3 fields are in fact 

special cases of the seco~d ring fields. They differ from the 

latter in that they are larger than the ordinary second ring field 

and by the fact that the red sorghum is occasionally partly or 

entirely replaced with groundnut. This is contrary to the second 

ring field where the red sorghum is permanently planted. Ring 4 

is in general allocated to either of the following: (a) red 

sorghum, millet and cowpea mixtures each year; or (b) rotations 

of red sorghum and cowpea with millet and cowpea. Those crops 

28These rings delimit areas in which the household's lands and 
fields can be found. The fields are not necessarily contiguous 
or circular in shape. The cultivation rings are defined with 
respect to each household's compound and not with respect to 
all household's compounds. 
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are occasionally partially or entirely replaced with groundnuts, 

earth peas, tubers or partial fallows. Ring 5 is in general 

planted every year with millet intercropped with white sorghum 

and cowpea. The crops are often replaced partly or entirely with 

groundnuts, cowpea, earthpeas or fallow. About 3 percent, 16 percent, 

9 percent, 10 percent and 61 percent of the 1981 cultivated area 

were covered, respectively by the first riDg fields, the second 

ring fields, the third ring fields, the fourth ring fields and 

the fifth ring fields. 

Each management ring contains a small number of simple and 

homogenous management practices, which are defined in terms of the 

specific nature of the crop sequence and in terms of the exact 

combination of other soil fertility regeneration techniques 

(fertilizers, fallow) as explained earlier in this Chapter. 

Generally, one or two management practices clearly dominate in 

each cultivation ring as shown in Table 9. There exists only 

cne dominant management practice in Rings 1, 2 and 3, each of 

which involve the use of both organic and mineral fertilizers as 

shown in Table 10 and cover about 50% of their respective ring 

areas. Ring 4 is dominated by two management practices, each 

covering about 40 percent of the ring area. Besides the crop 

sequencing technique, one involves only the use of mineral 

fertilizer as an additional soil fertility regeneration 

technique. The other involves the use of a combination of 



organic fertilizer, mineral fertilizer and 'fallow (e.g., Tables 9 

and 10). Two management practices dominate the fifth ring. The 

first of these covers over 50 percent of the ring area and in

volves only fallow as the major soil fertility regeneration tech

nique in addition to the cereal-legume sequencing technique. The 

other practice, which covers about 25 percent of the ring area, 

involved during the past decade only the use of small amounts of 

mineral fertilizers, in addition to the cereal-legume sequencing 

technique. The fallow technique has recently disappeared on the 

corresponding fields and thereby indicates a progressive substitu

tion of mineral fertilizers to fallow in the fifth ring. 

Individual field sizes generally increase from the first 

management ring to the fifth and as the average distance between 

the compound and the field gets larger, i.e., d(HA)/d(AVD»O. 

The smallest fields are the maize fields in Ring 1, which measure 

an average 0.05 hectares and are found in general within 40 meters 

from the compound walls. They are followed by the permanent red 

sorghum fields in Ring 2 which measure an average 0.28 hectares 

and are, in average, located between 40 meters and 400 meters 

from the compound walls. These are followed by the non-permanent 

red sorghum fields in Rings 3 and 4 where the red sorghum alternates 

with other crops such as groundnuts, earth peas, tuber roots, 

and millet. These fields measure an average 0.45 hectares and 

are found on the average, between 78 meters and 550 meters from 
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the compound walls. The largest field are, in general, the mi11et

white sorghum fields in Ring 5. They measure on the average 0.90 

hectares and are found on the average within 500 meters and 32 

kilometers from the compound. Most of them are bush fields. Two 

types of reasons are usually given by the farmers to explain the 

field size gradient: 

1) There is more pressure on the land inside the village 

where the compounds are located (village land) than 

there is on the land around and away from the village 

(bush land). Although the farmers are mostly Muslim 

the customary law29 prevails, but it is becoming more 

and more difficult for household heads to maintain 

house and village fields as common fields. Nowadays, 

some young married members of the household, under the 

influence of Islam and Western culture, or because of 

quarrels in the families, tend to claim and obtain 

their own maize and red sorghum fields. This leads to 

a breakdown of house and village fields which become 

smaller as the large household gradually breaks down 

into smaller units. 

29Under the customary law, all the land is inherited by the 
oldest son who is interested in farming, whereas under the 
Islamic or Ma1iki law, the land is divided among all the 
sons (Norman et al., 1981). 
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2) Maize and red sorghum require a substantial amount 

of organic farmyard manure for a good probability of 

success. The amount of organic farmyard manure that 

the household is capable of producing considerably 

limits the size of maize and red sorghum fields. 

The Soil Fertility 
Regeneration Techniques 

Cowpea Intercrops, and Planting Density 

The most important crop sequences are those involving 

cereals and leguminous crops. Over 95 percent of the cultivated 

farm area are continuously planted with cereals (red sorghum, 

white sorghum, millet) intercropped with cowpea and partly 

interrupted from time to time in some areas (Rings 3, 4, 5) with 

groundnuts and groundpeas (for not more than one year at a time), 

or with fallow and tubers (sequences 08 and 13 in Table 6). Thus, 

about 95 percent of the cultivated areas are planted with cowpea 

intercrops for at least four out of six years. 

The average density of cowpea intercrop increases from the 

first management ring to the fifth and as the average distance 

between the field and the compound increases, i.e., d(PDCWP}/ 

d{AVD}>O. The average density of the cowpea intercrop increases 

from about 20 plants per hectare in Ring 1 to about 4,000 plants 

per hectare in ring 5. This pattern is mostly caused by negative 

externalities between the crop growing activity and the small 
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livestock raising activity. The goats and the chickens searching 

for food around the compound tend to damage the young cowpea 

plants which are less resistant to their attacks than the young 

red sorghum plants. The latter grow quickly and can constitute 

a protective barrier for the cowpea. However, the growth cycle 

of the red sorghum is shorter than that of the cowpea so that the 

red sorghum is harvested before the cowpea. The animals are 

left out during such periods to graze the fresh crop residues in 

the nearest fields and get a second chance to damage the cowpea 

plants. Unless enough labor is available in the household to guard 

and feed the animals, cowpea is not generally planted in the 

first ring. The highest cowpea density occurs in the millet and 

white sorghum fields of Rings 4 and 5 where the distance from the 

compound and the long growth cycle of millet and white sorghum 

constitute good protections for the cowpea since the latter is 

harvested before the millet and the white sorghum. 

The total planting density of all mixed crops tends to 

increase from the first management ring to the fifth. Planting 

density is another way of managing soil fertility, as a dense 

population of crops of different heights and species protects the 

soil against splash erosion and runoff and 'may increase or 

reduce the amount of fertility elements exported from the soi1 30 . 

30As mentioned earlier, if the intercrops are leguminous crops, 
the nitrogen nutrient depletion effect is reduced or improved, 
and within certain limits, few plants that grow bigger may 
export more nutrients than many plants that grow smaller. It 
all depends on the quantity and quality of the vegetative 
material produced. 
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The total number of plants and stems per hectare average 

resepctively 30,000 and 42,000 in the first ring, 35,000 and 

56,000 in the second ring, 38,000 and 44,000 in the third ring, 

40,000 and 58,000 in the fourth ring and 45,000 and 56,000 in 

the fifth ring3l . 

Crops Sequences 

Sequences involving different crop species occur: 

(a) On some farms in one portion of the first ring 

between maize and red sorghum with a cycle length 

of 3 to 5 years per crop (each crop is planted 

for 3 to 5 years before being replaced by the 

other) . 

(b) In Ring 3, between red sorghum and groundnuts. 

(c) In Ring 4, between red sorghum on one hand and 

groundnuts, millet, and tuber roots on the other 

hand. 

(d) In Ring 5, between millet, white sorghum, and ground-

nuts or earth peas. 

Only the sequences involving cereals and groundnuts or 

millet are viewed by the farmers as useful for soil fertility 

31These are crop' densities measured on all fields two to six weeks 
before harvest. Crops densities a few weeks after planting are 
much greater than the above. 
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maintenance purposes. Groundnuts and earth peas are preferably 

planted away from the compound walls out of reach of the 

livestock for the same reasons mentioned earlier for cowpea, 

and also out of sight of children who tend to do some of the 

harvesting before the farmer. 

Groundnut is planted in all of the fields in the third ring 

in an average of about once every three years. It is partly or 

entirely planted in about one-half of the fields in the fourth 

ring every other year. It is also planted in small areas 

inside the one-third of the fields of the fifth ring at least 

once every other year. The average size of the groundnut 

field is about 0.45 hectares in Ring 3, 0.4053 hectares in Ring 4 

and 0.1337 hectares in Ring 5. Whereever red sorghum is 

alternated with millet in the fourth Ring, the cycle length varies 

between one to three years per crop. 

Crop-Fallow Sequences 

This old method of soil fertility regeneration is less and 

less used nowadays in the region as the demographic pressure on 

the land increases. The majority of the fields in the first 

and the second rings have not rested for a single year as long 

as the farmers can remember during at least the past fifty years. 

About 60 percent of the fields in Ring 3 and 4 have been fallowed 

at least once dur'ing the past fi fty years, most of them over a 

decade ago. Fields recently taken out of fallow less than six 
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years ago are the bush fields of the fifth ring, many of which 

are located as far away as thirty kilometers in other less densely 

populated village territories. These fields cover over thirty 

percent of the cultivated area in the village sample. However, 

the farmers insist that fallow as a soil fertility regeneration 

method has now become a thing of the past. Accordingly, they 

believe its use is unlikely to continue into the future in face 

of the increasing shortage of cultivable land in the region and 

the increasing availability of chemical fertilizers. Today, 

lands unused within the village territory are mostly those which 

have, from the farmers point of view, reached an irreversible 

stage of degradation and those that are naturally inapprorpiate 

for agriculture or are seriously infested by plant diseases. 

Fertilizers 

About 55 percent of the cultivated area has been fertilized 

at least once from 1976 to 1981 with organic and/or mineral 

fertilizers. Only 10 percent of the cultivated area has received 

neither fertilizer nor fallow during the six year period. 

Organic Fertilizers. They are mostly used in the first 

ring on maize, sauce plants and red sorghum. It is in the 

farmer's opinion almost impossible to grow these crops, especially 

maize, without some amount of organic manure. 

The amount of organic manure applied on a field over a 

certain period declines from the first management ring to the 
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fifth and generally as the average distance between the field and 

the compound increases i.e., (d(OMHA.fom)/d(AVD)) < O. The 

shortage of organic farmyard manures, the lack of sufficient 

transportation means and the high opportunity cost of labor 

probably account for this fact. About nine metric tons of 

organic farmyard manure per hectare are applied in Ring 1, 

almost every year (on an average of five out of six years). 

The amount of the organic manure and the frequency of applica

tion decline sharply to respectively 1.3 metric tons and 3.6 

years in the second ring and continue to decline as one moves 

to the other rings. Both the amount and the frequency reach 

zero in Ring 5. 

Besides the organic manures collected and applied by the 

farmers, other sources of organic manures are night soils, the 

cattle and donkey droppings deposited on the farm during the dry 

season and the crops residues that remain on the fields. Sun 

dried cattle and donkey droppings as measured on the fields amount 

to about 100 kilograms per hectare in the first ring, about 

200 kg per hectare in the second and third rings, about 270 kg per 

hectare in the fourth ring and about 300 kg per hectare in the 

fifth ring. The above are the amounts dropped during the six 

months of dry season when the cattle were allowed to graze 
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on the fields 32 . As one may notice, more dropped cattle manure 

is found as one moves away from the compounds into distant areas 

more frequented by the cattle, (d(DCM)/d{AVD)) > O. 

Night cattle paddocks on the farmer's fields are a more 

formal way of obtaining cattle droppings. This usually occurs in 

the country through some agreement betwene the Fulani herdsmen and 

the Massi farmers. The cattle dungs are exchanged for the crop 

residues grazed by the animals and some ceremonial gifts, 

mostly cola nuts, cereals and chickens. However, Fulani herdsmen 

are rarely seen in the densely populated Manga area which they 

seem to avoid probably because of the higher incidence of 

farmer-herdsmen conflicts due to the higher concentration of 

fields and to the fact that many farmers in the region own and 

raise cattle on their farms by employing mostly child labor. None 

of the farmers in the sample has had any contact with the 

herdsmen during the past six years. Seven of the twenty-five 

farmers in the sample raise a relatively small herd of cattle 

(an average of five head of cattle and not more than ten) on 

their farms. At night the cattle are always kept on the houseland, 

and generally on the first ring maize-red sorghum fields during 

the dry season. The animals are tied to pickets at night 

and are not fenced. Part of the cattle manure gathered on such 

32These amounts were actually measured for the first three months 
after the harvest and then extrapolated linearly for six months 
assuming that about 50 percent of the droppings were mixed up 
with the soils and not accounted for during the actual measures. 
The above figures could be viewed as the upper bounds of the 
averages. 
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fields is later spread on the other ring fields, especially on 

the second ring fields on house1and. The nightly production 

of slightly fresh cattle manure33 is with very little variation 

about 0.92 kg per head of cattie. 

Another source of manure from organic origin is provided 

by the crop residues remaining on the fields at the beginning 

of the new crop season. The total production in metric tons of 

crop residues (leaves, stems) per hectare, as estimated from 

samples taken from all fields and sun dried for twenty days, is 

about 2.5 in the first ring, 7.2 in the second ring, 6.5 in the 

third ring, 5.7 in the fourth ring and 4.6 in the fifth ring34. 

Since the crop residues are the major source of energy and forage 

in the village, few remain on the field when the season ends. The 

remaining amounts of those crop residues estimated from samples 

taken on all fields a few weeks 35 before the beginning of the 

next season are 50 kg per hectare in the first ring and about 

33The manure is gathered after ten days of night paddock and 
then measured on the eleventh day. 

34The observed differences are mostly related to the nature of 
crops in each ring. 

35The samples were weighted about 150 days after harvest in the 
first ring, 128 days after harvest in the second and third rings, 
110 days after harvest in the fourth ring and 94 days after 
harvest in the fifth ring. 
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120 kg per hectare in the other rings36 . These remaining crop 

residues are usually burnt when preparing the fields for the 

new season. During the harvest the stems are cut at their base 

so that most of the roots are left inside the soil and millet 

which has the most developed rooting system is said to improve 

soil fertility for that reason 37 . 

Mineral Fertilizers. The most widely used mineral fertilizer 

in the country is the cotton comp'iex IIEngrais Coton" 38 . It is used 

in small amounts in all rings, mainly as a result of its low trans

portation cost. The largest quantities of chemical fertilizers 

applied per hectare are observed in the red sorghum fields of the 

second ring and inside the red sorghum and the groundnuts fields 

of the third and fourth rings. For all fields in such rings the 

quantity applied averages about 15 kg per hectare per six-year 

period, with an average of one application in the second and fourth 

rings and three applications in the third ring. Such applications 

occurred generally in recent years, as can be seen in Table 11. 

36Assuming that about the same amounts of crop residues were 
incorporated into the soil and not measured and assuming that 
an additional 50 percent of the residues weight were lost 
through the additional sun and air drying, the total amount 
of residues returned to the soil remains less than 10 percent 
of total production. 

37The fanners a1 so acknowledge that the mi llet roots "open Up" 
the soil and allow water infiltration for the next crops on 
compact soils. 

38The composition of the complex is 14 units of Nitrogen, 23 units 
of P205 Phosphorous, 14 units of Potassium, 6 units of Sulfur. 
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The absolute amount of mineral fertilizers used over a 

certain period of time on a field tends to describe a parabolic 

bell-shaped curve as the distance between the field and the 

coumpound increases. 

Use of Organic and Mineral Fertilizers during the 1981 Crop 

Season. The dynamic pattern of fertilizer use described above 

remains consistent with the static pattern.observed during the 1981 

crop season alone and shown in Table 12 below. 

Table 12. 1981 Fertilizer App1icationsa 

Rings 
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Fertilizers 
Ring 1 Ring 2 Ring 3 Ring 4 Ring 5 

All 
Cases 

Organi c_ 

Percent Area 85 62 60 16 o 18 

Av. Kg per 
Fertil ized 
Hectare 10,453 1,545 2,180 1 ,221 o 2,705 

Mineral 

Percent Area 

Av. Kg per 
Fertilized 
Hectare 

17 45 

48 26 

25 61 26 

16 17 19 

aThe above average applications exclude zero observations. Minimum 
recommended levels are five tons of organic fertilizer and fifty 
kilograms of the mineral fertilizer (cotton complex) for local 
varieties (IRAT, 1976) such minima are met in the first ring 
only (about 2 percent of the total cultivated area). 

34 
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The proportion of cultivated area that received organic fertilizers 

app1 ied by the fanner during the 1981 season alone declines from 

the first ring to the fifth as well as the average amount 

applied per hectare on those fields that were fertilized. The 

average amount of organic ferti1iter applied overall remains 

at more than one metric ton per hectare in the first four rings 

where it is applied. The pattern of the use of mineral fertilizers 

mostly favors the intermediate ring fields (rings 2, 3, 4) where 

red sorghum is planted. The latter is both the major food crop 

and the major cash crop in the area. The average amount of 

mineral fertilizer applied remains above fifteen kilograms per 

hectare in all management rings whereever it is applied on about 

one-third of the total cultivated area. 

Erosion Control Devices 

Specific anti-erosion devices such as dykes are found inside 

and around almost every maize field in Ring 1. Few dykes are 

found in the red sorghum fields inside the first ring and are 

almost non-existent on such fields inside the second ring. However, 

the seasonal ridges constructed around and between the red sorghum 

plants every year in the middle of the growing season to improve 

the plants rooting are, according to the farmers, very efficient 

in controlling soil erosion when they are perpendicular to the 

field slope. Over 40 percent of the fields in the third Ring are 

surrounded with dykes or subjected to mulching to conserve soil 
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moisture and the top soil sandy texture which is essential for 

the growth of groundnuts and groundpeas. Only about 10 percent 

of the fields in the fourth and fifth Rings have some specific 

anti-erosion devices such as dykes and mulch. However, according 

to the farmers, the relatively greater density of the spreading 

leguminous intercrops (cowpea) and the seasonal ridges constructed 

around and between the sorghum and milled plants every year provide 

enough protection for the soil against erosion. One remark, 

however, is that specific anti-erosion devices are found mostly 

in areas where ploughing is part of the soil preparation process. 

Every maize field is ploughed before planting, as is every ground

nut and earthpea field, because without ploughing the probability 

of success of such crops is almost nil. In general, no ploughing 

is done before the planting of sorghum and millet. One may then 

conclude that the farmers are aware of the soil destabilization 

effect of till age and combi ne some form of anti-eros; on devi ces 

such as dykes and mulching with ploughing in an effort to minimize 

erosion particularly in those areas where ploughing is necessary to 

crop growth. 

Green Manure 

Besides the incorporation of weeds to the soil during 

weeding and ridging, no specific dry season green manuring 

activity is undertaken inside the cultivation system. 
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Soil Input Allocation 

The distribution of the local soil varieties across the 

cultivation rings depends mostly on which zone in the village 

the majority of the fields in each ring are found. All soil 

types are found in the first ring fields since the majority of the 

latter are housefields located next to the compounds that are 

scattered allover the village territory in Zones 1, 2 and 3. 

These fields are almost evenly distributed across the upland 

soils (SlO, Sll, S12, S20) found in those zones. About 60 percent 

of the first ring area is covered with upland soils and about 

40 percent with lowland soils (S40, S60). All soil types are also 

found in the second ring with relatively more upland soils 

(about 90 percent of the ring area) than in the first ring. 

These second ring fields are village fields located between the 

housefields of the first ring and are also scattered allover the 

village territory. Most of the soils found in the first two rings 

are gravelly soils unlike the third and the fourth ring fields 

which are mostly located in Zone 3 and as such are covered with 
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sandier soils. The majority of the fifth ring fields are found in 

Zone 4; many of them are bush fields located in neighboring villages 

south of the Manga area where the base vertisoil S40 emerges and 

becomes the major soil type. Many other fifth ring fields have 

sandier soils (S20) and are found along the boundaries of Zone 3 

or in less populated areas in the region. About 20 percent of the 

fifth ring area is covered with gravelly soils where one finds 



most of the oldest bush fields both inside and outside the 

village boundaries. One remarkable feature of the soil input 

allocation is that groundnuts, groudpeas and tuber roots are 

prererab1y planted in areas covered with light sandy soils 

(520, 560) which, according to the farmers, are easier to plough 

and allow a better production of nuts and roots than the other 

soil~. As a consequence, the relative importance of sandier 

soils tends to increase in areas where those crops enter the 

crop sequence and follows the relative importance of those crops, 

especially of groundnuts planting, in such areas 39 . Each farmer 

tends to choose the properly located sandier spots on his farm 

to grow the groundnuts. Thus, cereal - groundnuts sequence or 

rotation, which is a way of maintaining soil fertility, occurs 

mostly on the sandier soils on the farm. This is more true with 

hand tool farmers than it is with animal traction farmers because, 

according to the farmers, the tillage requirement is less diffi

cult with animal traction equipment than it is with hand tools. 

As for the cereals, the farmers claim the following productivity 

rankings across the local soil types in normal rainfall conditions 

with similar input allocations. (See Table 13 on next page.) 

These soil productivities, as the farmers emphasize, depend 

mostly on the drought tolerance of the crops and on the field 

moisture holding capacities of the soils. These two factors 

39As judged with the frequency of groundnut planting and the 
percentage area subjected to groundnut planting at least once 
in a six-year period. 
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Table 13. Farmers Productivity Ranking for Local 50ils 

Crop 

Hi gh 

Red 50rghum 540, 511 

White 50rghum 560, 520 

, Millet 520, 512 

50il Productivity 

Average 

510, 512 

540, 512 

560, 511 

Notes: 510 and 511 = gravelly upland soils 
S12 = sandy gravelly upland soil 
S20 = sandy upland soil 
540 = clayey 10w'Iand vertisoil 
560 = sandy lowland soil 

Low 

560, 520 

511, 510 

510, 540 

appear to be major determinants of resources allocation in the 

semi-arid farming systems. Lowland sandy soils (560) and upland 

sandy soils (520) are known to have the best field moisture holding 

capacities40 • Red sorghum and millet are known by the farmers 

as the most drought tolerant crops. 

The above rankings are noticed by the farmers especially 

when no fertilizer is applied. A similar ranking, they say, is 

difficult to establish for maize, which seems to be indifferent 

40This is mostly due to the less impermeable base layers. 
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to soil type provided that a sufficient amount of organic 

fertilizer is applied. Furthermore, soil type is not usually 

taken into account when deciding where to plant maize, which is 

for various reasons traditionally planted nn the housefie1d next 

to the compound. Differences in soil types are mostly taken into 

account when deciding where to plant the other cereals, the 

leguminous crops and the tubers. Cowpea iS,planted on all soil 

types, but is said to yield better on sandy soils (S20, S60). 

Labor, Animal Traction Inputs 
Allocations and Output 

As shown by Table 11, the total production labor hours per 

hectare, the total animal traction hours per hectare and the value 

of output vary across the cultivation rings. 

The total amount of production 1abor4l per hectare averages 

about 600 hours in the first ring, about 700 hours in the second 

ring, about 440 hours in the third ring (with 12 percent of the 

ring area planted with groundnuts) and about 500 hours in the 

fourth and fifth rings (with about 4 percent of the rings area 

planted with groundnuts). Total animal traction hours average 

40 hours in the first ring, 90 hours in the second and third rings 

41production labor stands for all labor used to grow the crops 
except harvest labor. No productivity difference is made between 
men, women and children laborers. The weights necessary to do 
otherwise being very difficult to define. See Appendix B for 
further details. 
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and around 55 hours in the fourth and fifth rings. One conclusion 

from the above is that the permanent sorghum fields (ring 2) 

receive the largest amount of labor and animal traction hours 

per hectare. 

The total amounts of labor specifically spent on fertilizer 

transportation and application amount to about 45 hours per hectare 

in the first ring, 25 h/ha in the second ring, 7 h/ha in the third 

ring, 10 h/ha in the fourth ring and 3 h/ha in the fifth ring. 

The total amounts of labor used to spread the fertilizers in 

combination with other activities are estimated to be about 60 

hours per hectare in the first and second rings, and about 40 

hours, 30 hours and 20 hours per hectare respectively in the third, 

fourth and fifth rings42. 

The construction of a dyke around the average maize field 

(0.05 ha) takes about thirty minutes of household labor, that is, 

about 10 hours per hectare. Thus, the proportions of production 

labor spent on soil fertility maintenance and improvement through 

the use of fertilizers and anti-erotion devices amount to about 

19 percent in the first ring, about 12 percent in the second and 

third rings, 7 percent in the fourth ring and 5 percent in the 

fifth ring43. 

42These labor hours have been obtained by simply dividing the total 
amount of labor spent on the combined activities by the number 
of activities involved. 
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carried out during the dry season. These proportions may be 
slightly underestimated for the first and second rings. 



The average value of output per hectare and per hour of 

labor declines from the first ring to the fifth ring. and as the 

average distance between the compound and the field increases, 

i.e. (aVOPL/aAVD) ~ o. The value of output per hectare in 1981 

CFA francs 44 averages about 170,000 in the first ring, about 

70,000 in the second ring, about 42,000 in the third and fourth 

rings, and about 25,000 in the fifth ring. The value of output 

per hour of production labor in 1981 CFA fraAcs averages about 275 

in the first ring, 100 in the second and third rings, 80 in tre 

fourth ring and about 50 in the fifth ring45 , 

In terms of its value 11 percent of the farm output is 

produced in the first ring, 29 percent in the second ring, 10 

percent in the third ring, 12 percent in the fourth ring and 38 

percent in the fifth ring. In other words, 50 percent of the 

total value of farm output is produced on the more or less 

permanent maize and red sorghum fields inside rings 1, 2 and 3 

(on ~ 30 percent of cultivated area) and the remaining 50 

43These hours do not include all the manure transportation infor
mally carried out during the dry season. These proportions may 
be slightly underestimated for the first and second rings. 

44CFA franc is the currency of the African francophone community 
(Communaute Francaise d'Afrique). 

45The value of sauce plants are not accounted for in the first 
ring because of missing data on many fields. Recall that these 
statistics are obtained on the set of fields with no other 
missing data. 
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percent are produced on the less intensively cultivated and pre

dominantly millet and white sorghum fields in Rings 4 and 5 

(on ~ 70 percent of total cultivated area). Other more detailed 

technical characteristics of the management rings appear in 

Table 14. 

Land Tenure and The Soil Fertility 
Management System 

Individuals only have usufructuary rights to the land. 

Such rights belong to the first user who "cleared the bush" to 

grow crops, and to his descendants as long as they frequently make 

use of the land. They can give or lend such rights to anyone they 

choose to. They lose the usufructuary rights if they cease to 

use the land for a certain period of time. The usufructuary rights 

are then taken over by the religious or the customary leader of 

the extended family to which the first user belongs. The leader 

may grant such rights to any member of the family or to any 

outsider who requests some land to live on. If the family does 

not make use of the usufructuary rights for a relatively long 

period of time by growing crops on the land or by getting some-

one to grow crops on it, the family loses the usufructuary rights. 

These are taken over by the village head who may grant them to 

anyone inside or outside the village who needs land to live on. 

The length of time the usufructuary rights to a land must remain 

unused before the previous user loses them is arbitrarily decided 

by the authority next in line to take over such rights (the family 
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Table 14. Technical Chara5teristics of Crops Grown inside Each 
Management Ring • . 

Total 
Management Average Producti on Animal Traction Grain Yield 

Ring and Field Labor Used Equipment Hours per hectare 
Major Crops Size per Used per Hectare (k i1 ograms) 

(hectare) hectare (hours) 
(hours) 

Ring 1a 
f~ai ze .06 527 22 1,382 

Ri ng 1b 
f1ai ze .03 540 50 2,215 
Red Sorghum .03 1,586 85 8,479 

Ring 2 
Red Sorghum & .32 591 83 1 ,551 
Cowpea 

Ring 3 
Red Sorghum & 
Cowpea .41 484 97 1,351 
Groundnuts .45 507 22 317 

Rina 4 
Re Sorghum* .49 688 84 1,312 
Millet* .53 393 70 413 
Groundnuts .40 460 19 290 

Ring 5 
Millet & 
Whi te Sorghum* .91 407 48 384 
Groundnuts . 13 419 25 472 
Earthpeas .92 397 30 543 

aThese statistics were computed using all sample fields (185 fields) 
with no missing data for the above characteristics. Labor and traction 
hours used during harvest are not included in the above figures. 

*In addition to cowpea. 



leader or the village head) when someone else needs the land. 

This may last between ten to over fifty years, depending on the 

circumstances, and what is judged to be a reasonable length of 

fallow to allow for fertility regeneration. According to the law, 

the ownership rights to the land are officially vested in the· 

government and are controlled at the local level by the village 

head. According to the oral tradition, no man has the right to 

refuse land to another man who needs it to grow food if he himself 

is not using it to do so. The rights to the land may be inherited, 

exchanged, given or lent, but never sold. 

Within the village sample, 52 percent of the fields covering 

38 percent of the total cultivated area have been acquired through 

inheritance, mostly from parents or grandparents. Thirty-one 

percent of the fields, covering 17 percent of the cultivated area, 

have been received as donations from friends and earlier settlers 

in the village or in neighboring villages46 . Sixteen percent of 

the fields, covering 45 percent of the total cultivated area, 

have been borrowed from friends, nieghbors and earlier settlers 

in the village or other villages in the area. No pledging has 

been revealed, and no instance of sale or purchase of the 

usufructuary rights has been recorded in any of the studied 

samples across the country. The distribution of fields across 

4600nated fields belong to the receivers and their children as 
long as at least one member of the receiving household lives in 
the village and uses the land. If the receiving household 
wishes to forfeit the use of the land or leave the village 
forever, the donated land must be returned to the original 
propri etor. 
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the systems of tenure and the management rings is shown in 

Table 15a. It clearly shows that while inherited fields and 

donated fields are more or less evenly distributed across all 

five management rings, practically all borrowed fields are found 

in the fifth management ring. It is here that fallow dominates 

as the major soil fertility regeneration technique and is being 

replaced by mineral fertilzers applied in s~a11 amounts. 

The distribution of soil types across the system of 

tenure is also shown in Table 15b. It shows that borrowed fields 

are found on all major soil types and especially an upland sandy 

soils (S20) and on lowland vertisoi1s (S40). As previously 

mentioned, these two soil types are the dominant soil types in 
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the study area and especially in neighboring and less densly popu

lated territories where the majority of borrowed fields are located. 

Practi cally an cul tivated lowland verti soil areas '$\r~" ~.~:ao""·;'.~~~ .. I':;H\~"<I"" 
" ' .. 

borrowed fields. Besides the fact that they are mostly found in 

the fifth ring, the borrowed fields in general are the largest 

fields in every case of management and soil type, as shown by 

Tables l5a and 15b. 

Those farmers who receive land as a donation or borrow 

the land make no direct cash or kind payment to those who 

control the usufructuary rights and who transferred those rights 

to them. The new settlers theoretically have no obligations 



Table 15a. Field Distribution across Mana~ement Rings and Systems of Tenure. 

System Rings 
of . 2 ~ Tenure Ring 1 Rl ng ~ Ring 3 Ring 4 Ring 5 All Cases 

Inherited Fields 1.29 9.0 1 6.12 8.41 12.61 38.12 
(11.9) (13.0) ~ (4.9) (2.6) (13.5) (52.4) 

Fields Received as t Gifts 1.15 5.60 2.83 1.59 5.78 16.95 • I 

(9.7) (10.3) f (2.2) (2.1) (6.5) (31.3) . 
Borrowed Fields 0.14 1.43 0 1.08 42.28 44.93 

(1.6 ) (.5) (0) (1.0 ) (13.0) (16.1) 

All Cases 2.58 16.9 9.00 13.91 60.67 100. 
(23.2) (23.8) (7.1) (11.3) (33.0) (100) 

Notes: Figures without parentheses are th~ percentages of total cultivated area in 
the village sample (82.78 hectares in 1981). 

i' 
Figures in parentheses are the per,centages of all fields in the village sample (185 
fields in 1981). . 

-"" 
-"" 
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Table 15b. 50il Type Distribution across Systems of Tenure. 

50i1 Type 
5ystem of Tenure 

510 511 512 520 540 560 All Cases 

Inherited Fields 1.56 4.92 7.72 16.91 1.86 5.17 38.14 
(4.3) (9.7) (6.5) (20.0) (2.7) (9.2) (52.4) 

Fields Received as 
Gifts .8 4.02 3.35 5.45 .6 2.72 16.95 

(3.8) (4.3) (5.9) (9.2) (3.2 ) (4.9) (31.4) 

Borrowed Fields 0 6.37 1.42 16.62 14.86 5.63 44.91 
(0) (2.2) (3.8) (4.9) (3.2) (2.2) (16.2) 

All Cases 2.36 15.31 12.49 39.98 17.32 13.52 100.00 
(8.1) (16.2) (16.2 (34.1) (9.1) (16.3) (100.00) 

Note: The first line figures are the percentages of total cultivated area in the vi11age 
sample. (82.78 hectares in 1981)·. Figures in parentheses are the percentages of 
all fields in the village sample (185 fields in 1981). 510=up1and rocky soil~ 511= 
upland gravelly soil~ 512=upland sandy.gravel1y soil, 520=up1and sandy soil, 540= 
lowland vertisoi1, 560=10wland sandy silt soil. 

--' 
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toward the latter. However, some kind payment may take place 

through uneven social obligations between the new settler and 

the family from which he obtained the usufructuary rights. There 

exists in this region, as well as in many African cultures, a 

social security system based on gifts and assistance between 

families which allow a family to remain a member of the village 

community and to receive substantial moral and material support 

from the social system during a hardship. The ceremonial gifts 

exchanged from time to time, the mutual assistance in weeding 

and harvesting the crops, etc., may be viewed by the economist 

as premiums paid to remain inside the social security system and 

to be able to benefit from it in bad times. The premiums paid 

by new settlers to their hosts may be higher than those paid to 

them by their hosts, and the difference may account for what is 

technically called "rent". Such a hidden rent may be paid until 

the new settler is fully integrated inside the village community 

and reaches a certain social status, or forever. The above facts 

were derived from talks with the farmers, and none of them 

acknowledges the existence of a specific rent in the land tenure 

system 

The Determinants of Soil and Crop 
Management Practices 

In this section the major factors discussed are those 

that enter the crop production decision making process at the 
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household level as reported by the household heads. The main 

purpose is to point out the social, economic and technical 

constraints that surround food crop production ,and soil fertility 

management on the farm. The general tendency in studying peasant 

household behavior in developing countries has been the develop

ment of theoretical household firm models often based on false or 

unrealistic assumptions. In the end such models generally turn 

out to be of little use in predicting peasant household behavior 

under changing economic and policy parameters. 
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In order to construct a useful household firm model, inter

views of the central decision makers regarding the factors that 

they take into account in making their decisions may constitute 

a better start than the mere use of imagination and the formulation 

of assumptions. Theoretical considerations may be combined later 

with the elements uncovered in such interviews to obtain a 

complete model. Following the identification of the soil and 

crop management practices of each household, the author arranged 

an in-depth interview with the head of each household to discuss the 

observed management practices. During the interview, the head of 

each household was invited to explain and justify the soil and crop 

management practices observed on his farm. The major determinants of 

soil and crop management practices, as gathered during such inter

views, are summarized in this section. It is important, however, to 

bear in mind that what appears in the remainder of this section is a 

summary and reconciliation of farmers' explanations by the author. 



The explanations lead to several hypotheses which have not 

been tested in this section. Nevertheless, empirical evidence 

to support or refute some of the major hypotheses appears in 

the forthcoming chapters of this study. 

Crop Production Goals 

During the in-depth interviews, the head of each household 

had his own particular method of stating and ranking the major 

crop production goals of the household as a means of 

justifying the relative importance of each soil and crop manage

ment practice. Each goal cited by the head of the household was 

simply assigned a rank number between ten and one, following 

the farmer'S ranking. The average rank number of each of the 

major goals mentioned during the interview was computed and 

used to rank the goals over the entire village sample. 

The most important goal is to achieve self-sufficiency 

in food grain consumption. Basically, this entails producing 

enough food grain to feed the household, at least until the next 

ha rves t peri od. 

The second major goal is to produce a marketable surplus 

to be sold in order to acquire basic necessities and inputs not 

produced on the farm, to pay taxes and to fulfill social 

obiigations (visiting of relatives, ceremonies and gifts). 
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The third major goal is to maintain a minimum amount of 

grain stock in the granaries in order to achieve a minimum 

interannua'i security of food grain consumption. 

The fourth major goal is to generate savings to increase 

the size of the livestock, to satisfy a precautionary demand for 

money and to obtain working capital for dry season occupations 

such as artisanal occupations (i.e., weaving) and small trade. 

Younger household heads often include travel and off-farm jobs 

search expenses in this category. 

The fifth major goal is to maintain or increase the 

households I access to land by pursuing management practices 

that allow the household to have control over the desired amount 

of land, or by reducing, maintaining or widening social 

relationships so as to restrict or favor the gift, the lending 

or the borrowing of usufructuary rights to the land. 

The sixth major goal is to minimize the risks involved 

in trying to attain any of the goals mentioned above. 

Other goals indirectly related to crop production are 

leisure, prestige and autonomy. The goals stated above are 

achieved not only with farm income but with income from off-farm 

employment as well. Such an income generally results from dry 

season or permanent outmigration of household members toward 
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cocoa and coffee plantations in Ghana and the Ivory Coast but the 

seasonal crop production remains as the major source of income. 

Almost all of the household fields in the village sample 

were common fields under the management of the household head. 

Such fields were primarily cultivated to achieve the self

sufficiency goal and the other goals mentioned above. However, 

in some households young members were allowed to have their own 

,fields which they cultivated generally for the purpose of selling 

the crops to buy manufactured goods such as bicycles and radios 

and to save enough money to migrate and search for off-farm 

employment. Thus, goals vary depending on the central decision 

maker.-

Crop-Mix 

Because consumption is the ultimate purpose of 

production, tastes and preferences affect the way the production 

goals are satisfied. The sample farmers' consumption preferences 

regarding the major cereals produced in the region are from the 

most preferred crop to the least preferred crop; millet, maize, 

white sorghum, red sorghum. However, such goals and preferences 

together with resource constraints, production and exchange 

possibilities lead in general to the production and consumption 

of greater amounts of red sorghum than other crops combined. 

Nonetheless, over 50 percent of the cultivated land surface is 

devoted to millet and white sorghum. This is because, according 
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to the farmers, the household farm resources yield greater 

quantities of food grain when used in red sorghum fields than when 

they are used in millet and white sorghum fields. Millet and 

white sorghum are believed to be overconsumed because of their 

better taste~ and if all resources are used on such crops, the 

household is likely to run into a grain shortage before the 

next crop season. According to the farmers, red sorghum is never 

overconsumed because it is less tasteful than other crops; thus, 

when produced in sufficient amounts, it can carry the household 

beyond the next crop season. As a result, crop substitution is 

directed toward the selection of crops that can best satisfy the 

self-sufficiency goal as the demand for food in the household 

increases. For such reasons the amounts and compositions of 

grain stocks and their year-to-year variations are major deter

minants of crop mix, crop rotations and soil-crop management in 

general. 

Management Practices 

Maize is a hunger season crop. It has the shortest growth 

cycle and is the first crop harvested during the new season. It 

also serves as the first relief crop for the seasonal food 

shortage and is behind millet, the second most preferred crop. 

Whether farmers still have other crops in their granaries or not, 

the new season's fresh maize is highly valued and is the crop to 
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be tasted before any other crop. Furthermore, it requires large 

amounts of organic fertilizers for a good chance of success and 

is planted in association with sauce plants (spices), which also 

require large amounts of organic fertilizers for a successful 

production. Sauce plants are also highly valued since they 

provide the supply of rare spices for the whole year. The 

planting of such crops near the house is designed to maximize 

their chances of success by allowing sufficient applications of 

manures and timely use of labor to complete the necessary cropping 

activities. The practice is also designed to minimize the costs 

of the transportation and application of organic manures. 

Red Sorghum is rotated with maize in the first ring when 

there is a need to rebuild or increase the household's grain stock 

in red sorghum or when there is a desire to increase the marketable 

surplus. Red sorghum responds significantly well to organic 

manures, and a significant increase in the household's red sorghum 

output can be achieved by planting it in the first ring. The 

practice also serves to satisfy the relatively higher fertilizer 

and labor input requirements for red sorghum, and minimizes the 

costs of their application. 

Cowpea is not generally planted in the first ring because 

it is easily damaged by the small livestock (goats and poultry) 

that are raised inside and around the compound. Such damages 

occur mostly after the harvest 'of the main crops (maize and red 
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sorghum}, the growth cycles of which are shorter than that of 

cowpea. Additional labor is then needed to guard the animals 

at a time when labor is relatively scarce. Cowpea grows quickly 

on the rich soils of the first ring, produces less grains than 

elsewhere and spreads quickly to prevent the grm'lth of the main 

crops when planted early. Furthermore, tobacco is generally 

plante-d immediately after the harvest of maize, because it can 

properly grow only on the manured soils of the first ring and is 

more valued by the farmer than cowpea, which can grow better 

elsewhere. Intercropping cowpea with maize would also prevent the 

farmer from obtaining his yearly supply of tobacco. For these 

reasons maize is never intercropped with cowpea. 
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Red sorghum is generally planted in the intermediate rings 

and not too far from the compound for a number of reasons. Compared 

to other crops S'u\~'h as millet and white sorghum, it requi res more 

organic fertilizers, more labor and a better timing of activity 

labors in order to grow. It also displays the highest labor 

and manure productivities on the farm. For such reasons it is 

generally planted in fields which are not located too far from 

the compound in order to minimize the transportation and applica

tion costs of manure and labor. It is the least preferred crop 

for home consumption; but as land becomes scarce and CUltivation is 

intensified, it is substituted for millet and white sorghum. Pro

gressively, it occupies greater portions of farm outputs and con

sumptions to the extent allowed by the availability of organic 

fertilizers because of its high resources productivities. Although 



most farmers believe that red sorghum grows better on lowland 

vertisoils than on other soil types (Table 13), few red sorghum 

fields are found on lowland vertisoils because the latter are 

mostly found far away from the compounds, in neighboring village 

areas and on borrowed lands. The distance factor, constraints 

the timely use of labor and increases the cost of applying organic 

fertilizers. Red sorghum is known to require a large amount of 

timely labor for a good chance of success even on light soils. 

The labor requirements are expected to increase when red sorghum 

is planted on heavier soils such as the lowland vertisoils. Farmers 

are also reluctant to plant red sorghum which is their major food 

item in the distant bush fields where the incidence of crop 

damage by animals is high and where they enjoy a lower security 

of land tenure. 

Millet and white sorghum are planted in the fourth and 

fifth rings because they are believed to respond much better 

to rotations with fallow and legumes than any other crops. 

They are also believed to have poor responses to organic ferti

lizers and to require lower amounts of labor and less rigorous 

timings of crop production activities for successful productions. 
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They are believed to display in general lower resource productivities, 

than red sorghum in terms of food grain. Some farmers expect fewer 

losses from crop damages by animals in millet fields than in 

red sorghum fields, mostly because of differences in vegetative 

structures. Therefore, they prefer to plant the millet in more 



distant areas than the red sorghum. The millet plants eventually 

protect the white sorghum plants against severe crop damages when 

both crops are planted together. 

Fallow is not generally used in the first three rings 

because of the proximity of fields under such management 

practices to compounds and inhabited areas and because such fields 

are frequently manured and are fertile. La~d in such rings is 

scarce, and the opportunity cost of leaving it fallow is high. 

If fallowed, it increases the incidence of reptile infestation 

and of fire in the village. It also increases the incidence of 

crop damage by birds and small animals in neighboring fields. Any 

individual who fallows such a land is put under social pressures 

to lend it to someone else and will face the risk of a temporary 

loss of the usufructuary rights to the land and a probable 

deterioration of the landis quality by another user. Fallow occurs 

on such lands only accidentally as a result of a shortage of labor 

due to death or illness in the household. The best way of fallowing 

such a land temporarily, if necessary, is to seed it with no 

real intent of use. 

In general, more cowpea intercrop and legumes are planted 

in the fourth and fifth rings than inside the second and third 

rings because the growth cycle of red sorghum is shorter than 

that of cowpea. After the harvest of red sorghum, more labor is 

needed to prevent severe damage to the cowpea by livestock and 
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birds at a time when the opportunity cost of labor is very high. 

In the fourth and fifth rings the longer growth cycles of millet 

and white sorghum provide an adequate protection for cowpea, 

although the latter is more difficult to harvest in such 

circumstances before the main crops. 

Because of the possibility of severe crop damage, cowpea 

is never planted in pure stands or rotated with cereals. A more 

important reason for not planting pure stands of cowpea is the 

fact that the spreading vegetative structure of the varieties of 

cowpea planted in the village seriously increases the manual 

labor requirements for weeding. There also is the fact that pure 

stands of cowpea are more sensitive to plant diseases and 
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especially to damages caused by insects than are cowpea intercrops. 

lean working capital prevents an adequate purchase and use of insecti

cides. When intercropped with cereals as is the case in Rings 2, 3, 

4 and 5, the cowpea intercrops are believed to increase resource 

productivity by maintaining or by increasing the value of output and 

by reducing or maintaining the labor requirements per hectare. 

Groundnuts and earthpeas are planted in pure stands and 

rotated with cereals because they require lighter soils and 

more sunlight than cowpea. Their erected vegetative structure 

and lower susceptibility to plant diseases exert no adverse 

effects on resource productivity. Such adverse effects occur, 

however, if groundnuts and earthpeas are planted in the same 

spot for two consecutive years. This is the basic reason why 



they are rotated with cereals and fallow. Such rotations occur 

mostly on light soils. These legumes are not planted on compact 

or heavy upland and lowland soils. Cereal groundnuts rotations 

are believed to increase cereal yields, but the practice is not 

widely employed because of little or no comparative advantage with 

respect to other practices for the following reasons: There is 

a great temptation to consume the groundnut at the household 

level, especially if many of the household residents are children. 

Women and children sometimes plant groundnuts for consumption and 

sale if land is available for such a crop on the farm or can be 

borrowed from a neighbor. As land becomes scarce the planting 

of groundnut is considered by the household head to be a wasteful 

use of resources because groundnut is not a staple food item and 

is rapidly consumed in the house or given away in the form of 

ceremonial gifts. Legumes, and groundnuts in particular, are 

the crops most used for ceremonial gifts. In the end little 

marketable surplus is available for sale or exchanged for staple 

food items. There is a lack of reliable outlet for groundnuts; 

groundnuts can only be sold in small amounts in the market place 

and do not generate enough instantaneous revenue to purchase enough 

staple food grain to build up a reliable grainstock. The farmer 

generally prefers to produce the staple food items himself rather 

than face uncertain supplies of staple food items and large 

price variations in the market place. Thus, an evaluation of 
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comparative advantage in this case accounts for other considerations 

besides resource productivity. 

Another factor that seriously limits the planting of 

legumes is a severe shortage of legume seeds at the beginning of 

the new season. They are rare and highly priced in the market 

place, and few farmers keep enough seeds in their granary for 

planting in the new season because of the small amounts produced 

and the urge to consume them. This in turn ~duces the possibilities 

for borrowing seeds from friends, relatives and neighbors. 

Regarding leguminous t~es, only one Acacia tree was 

found in the 185 sample fields inside the Nonghin village. The 

farmers know mostly from oral tradition that its presence in 

the field increases soil fertility and resource productivity, yet 

only a few of them know this for sure from their own experience. 

About 70 percent of the farmers would like to plant a small number 

of such trees in their fields while the ~maining 30 percent would 

prefer to have none. Major explanations given for such facts and 

attitudes are as follows: 

No sure knowledge exists of the actual yield increase caused 

by the Acacia tree. 

A large number of.such trees would lead to many lateral 

roots that would reduce the productivity of the animal traction 

unit. 



A large number of such trees would increase the incidence 

of crop damage by birds. and monkeys. 

The tree is thorny, and there are dangers of injury in 

working barefoot wherever it is present. 

The fruits are not useful for human consumption; furthermore, 

there is. little desire in such a subsistance economy where time 

is heavily discounted to invest labor and land spaces in growing 

the Acacia trees and in waiting for a minimum of seven years before 

the first uncertain returns are obtained. 

The seeds germinate rarely, the young plants are difficult 

to recognize in bush areas and there is no successful transplan

tation technique. 

The yield effects recorded from yield plots tests carried 

out by the author in selected farmer's fields in the other study 

areas where the tree is more used are as shown in Table 16. 

The yields are recorded in each selected field near the Acacia 

trees and at least twenty yards away from any Acacia tree. 

The results clearly suggest that the presence of the 

Acacia leads to a significant net increase in harvested grain 

yields by 50 to 100 percent, Ceteris Paribus. Less than 20 Acacia 

trees per hectare were recorded in the fields where such observa

tions were made. Other benefits provided by the Acacia tree are 

wood for household fuel consumption, fruits and leaves for the 

livestock during the dry season when forage is scarce. 
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Table 16. Effects of Acacia Trees on Millet and Sorghum Yields. 

t statistic 
and 

128 

Region 
(observations 

per case) 
Crop 

Grain Yield 
Near Acacia 
:Ga (kg/ha) 

Grain Yield 
outside 
Acacia area: 
Go (kg/ha) 

Ratio 
GalGo 

[
Significance] 

Level 

Yako 
Red 2,532 1,263 2.00 t=3.63 

9.0bs. Sorghum (961) (419)', [ .01 ] 

Boromo 

5.0bs. Mi llet 1,720 1,163 1.48 t=2.92 
(400) (148) [ .05 ] 

Note: Figures in parentheses are the standard deviations. 

Fe rt i 1 i ze rs 

The major factor that constrains the organic fertilization 

of fields is the shortage of organic manures on the farm. This 

is due primarily to the small size of the livestock and to the 

small litter production capacity of the household. The low 

availability of animal manure is due to a lack of sufficient 

savings to invest in livestock, poor contacts with Fulani 

herdsmen, cattle diseases, the peasant's poor cattle management 

skills and a lack of adequate cattle parking facilities and 

regulated cattle routes across the village. This problem, 

in addition to the competition between crop and livestock 

enterprises for adult labor, increases the probability of crop 



damages and conflicts between households. The management of 

the cattle is generally left to the children who take turns 

guarding them. During peak labor periods many households merge 

their cattle, and children from each household take turns guarding 

and feeding the animals. This alternative and the small size 

of the cattle herds appear at the moment to make mixed farming 

with cattle a profitable enterprise. Goats and sheep are 

easier to obtain and raise by the average household. Still, 

besides the better potential for acquisition and management of 

goats and sheep, other problems remain and are the same as above. 
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The availability of means of transportation and transportation 

costs, which increase with the walking distance between the compound 

and the fields, prevent an even distribution of manure across 

the fields. Households who own carts apply organic manure on large 

portions of their fields, yet they do not apply more organic 

fertilizer than other households because of the shortage of manure. 

Many household heads do not view the non-ownership of carts as 

a severe constraint to the proper application of the available 

manure because those households which own carts do not use them 

to capacity level and generally lend them to friends and relatives. 

Organic manure is applied on maize and red sorghum because 

those crops show significant positive responses to the manure 

while the other crops such as millet, white sorghum, groundnuts 

and earthpeas are believed to be less responsive. Organic 

fertilizer is occasionally applied in millet fields when the 



latter are infested by stri~ and the household cannot afford to 

resort to fallow. Moreover, organic manure is sometimes applied 

in millet fields when the soil is compact for the purpose of 

softening the ground and increasing its permeability. Organic 

manure is never applied on lowlands unless dykes are present because 

it is easily washed away. Lack of efficient means to retain 

organic manure in lowland fields and the generally long distance 

between the latter and the compound constrain their organic 

fertilizations. Mineral fertilization of lowlands is preferred 

bcause the mineral fertilizer can be buried near the plants without 

an excessive labor requirement. 

Mineral fertilizer is used to compensate for the insufficient 

application of organic manure in fields that receive little or no 

organic manure. For such a reason, it is mostly applied outside 

the first ring and preferably in red sorghum fields. Moreover, 

organic manure is believed to spoil the taste of maize and millet, 

which are the most preferred food crops. Under varying weather 

and soil conditions, there are more yield variations in maize and 

millet fields when mineral fertilizer is applied than when it is 

not applied. These plants occasionally produce large amounts 
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of leaves and stems with little or no grain when mineral fertilizer 

is used. However, significant yield increases are observed with 

millet whenever it has a positive response to the mineral fertilizer. 

Little yield variations are observed in red sorghum fields because 

the latter is believed to respond usually quite positively to the 



application of mineral fertilizer. Furthermore, red sorghum is 

the major cash crop in the area and also the major food crop 

because whenever organic fertilizer is applied it produces more 

grain than any other crop to fill the granaries and to sell. The 

sale of red sorghum is the major source of cash money to purchase 

the mineral fertilizers. The sale of goats and poultry is the 

other major source of money to purchase the fertilizer, followed 

by money earned in off-farm activities and employment. 

One major problem facing the purchase and use of mineral 

fertilizer is the lack of cash resources. Most farmers are 

reluctant to sell crops and immediately purchase fertilizer in 

the harvest period because of uncertainties regarding exactly 
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what the household food and cash resource needs for higher priorities 

will be during the year and because of uncertainty regarding the 

weather conditions for the next season and the probability of crop 

success. When the next season begins and the outlook for the new 

season is better known, cash resources are lean and most 

farmers become even poorer and incapable or reluctant to purchase 

the fertilizer, although grain prices are highest at the time. 

Many would not resort to credit to obtain the fertilizer unless 

the deadline for repayment is sufficiently long. The farmers are 

usually required by merchants and the regional development agency 

to pay their debts during the harvest period. when grain rrices 

are at their lowest seasonal levels. 
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The average farmer prefers to hold onto most of the maize and 

millet crop produced and to sell mostly the red sorghum to obtain 

cash money and buy the fertilizer, although maize and millet sell at 

higher prices in the market place (December prices: maize = 108 frcs/kg, 

millet = 60 frcs/kg, red sorghum = 38 frcs/kg). The farmer's attitude 

on the subject is that purchased inputs should be spent firstly on 

crops that are preferably sold rather than on crops that are preferably 

consumed, in order to regain at least the cash resource spent on such 

inputs for future expenditures. Money spent on a crop that is preferably 

consumed, such as millet, is difficult to recover because of the tempta

tion to consume most of the crop. When the money is spent on a less 

preferred but more grain productive crop such as red sorghum, enough 

grain is produced to fill the granaries and to sell in order to repay 

the household's debts. For such a reason, credit repayment problems 

arise most often when the purchased inputs are mostly used on millet and 

white sorghum and only allow the household to produce enough food for 

the year with little or no marketable surplus. Many farmers in such 

circumstances develop a greater aversion toward indebtedness for fear 

of not being able to meet the deadlines and thereby reduce their 

demand for credit. Therefore, the presence within the cropping system 

of a profitable cash crop which may also serve as a food crop and has 

a reliable marketing channel, and the presence, of a credit scheme are 

likely to encourage the use of purchased inputs such as fertilizer, 

pesticides and animal traction implements by the low income farmers. 



CHAPTER 4 

EFFECTS OF THE SOIL FERTILITY MANAGEMENT 
SYSTEM ON SOIL FERTILITY 

Objectives and Methodology 

The purpose of this chapter is to measure the 1981 physical 

and chemical fertility of soils in the farming system and to 

estimate the effects of the five management rings, of soil types 

and of the field age on such a fertility. The estimates are used 

to evaluate the soil fertility management system by determining . 
whether it is soil conserving (i.e., q ~ a = maintenance or 

. 
investment in soil fertility) or soil depleting (i.e., q ~ 0 = 

disinvestment in soil fertility. 

The methodology adopted in this chapter and in the forthcoming 

chapters consists of obtaining some estimates of static and 

dynamic soil fertility changes as they are reflected in the soil 

fertility variations expressed in cross-section data. Cross-section 

data stratified mostly on the basis of historical data are used 

instead of time series data which are not available and which it 

would take years of an expensive data collection phase to obtain. 

The method has the disadvantage of relying primarily on 
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historical data which are not always accurate but are cheaper to 

obtain. Such historical data are the age of the fields and 

additional information such as crop sequences and frequencies of 

fallow and fertilizer applications, which have been used to 

classify the fields into management classes. However, the 

relatively simple and more or less permanent and systematized 

nature of the culti vati on system 1 argely redu.ces the probabil ity 

of error in the historical data as long as these remain consistent 

with the cultivation system. There is a priori no logical reason 

why a farmer will give any information that is inconsistent with 

his cUltivation system47 , this implies that any conclusion drawn 

from such information will be, in general, consistent with the 

cultivation system. The cross-section approach adopted in this 

study largely reduces the need to control the complex effects of 

dynamically changing variables, such as weather variables on soil 

47This statement remains true even if one assumes that the farmer 
is forgetful about the past. This is something that happened 
rarely in this study area. Field history data were given 
without hesitation and inconsistency. As a farmer put it, "It 
is easy to remember what you do for a living when it is not 
something easy to do and you always do it the same \'/ay". The 
fact that the field history data are mostly qualitative data 
enhances the truth in that statement, margins of error for field 
age which is the only quantitative datum are not likely to be 
large. Eddy (1979) reports in Niger cases of farmers willing 
to give field history data for the previous fifty years. Even 
for very complex farming systems the quality of historical data 
depends mostly on how the questions are asked. 

134 



. fertility. Furthermore, it is probably more productive per 

unit cost than a time series approach. 

In Figure 12 below, let q be soil fertility, and m be 

the type of soil fertility management used. 
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Figure 12. Land Use Evolution and Soil Fertility. 

Occupants A, Band C could be interpreted as households or 

fields. q~ is the natural soil fertility as found under fallowed 

lands at time t=i. m .. is the type of soil fertilityrnanaqement 
Jl 

employed by occupant j at time t=i. Let us make the assumption 

that soil fertility management evolves in the same way for all 

occupants so that mal = mbl = mcl and ma2 = mb2 . The change in 

soil fertility for occupant A between t=O and t=3 is ~ = (q~ - q~). 

The cross section approach estimates that change to be 
A 0 a 0 0 
6 = (q3 - q3)' However q3 is a better reference than qo since 



it indicates what the fertility of the land occupied by occupant 

A would have been at time t=3 if it were not. being cultivated. 

This accounts for the effects of non-management variables such as 

weather. The cross-section approach estimates the dynamic changes 

in soil fertility as ~ by compari ng (1) q~ with q~, q~ and q;; 

(2) qf with q~ and q;; (3) q~ with q;. 

One possibility, however, is that q~ may be greater than 

q~ if farmers deliberately select the most fertile lands for 

cultivation and leave under fallow only those lands of marginal 

quality. However, q~ should be considered only as the natural 

quality of the land at the time when the current generation of 

farmers took over its management (maximum 20 to 30 years ago). 

In measuring q~, lands currently under fallow which are for 

obvious reasons known to be naturally infertile or of very low 

quality are left out. Soils of such lands often bear a specific 

local denomination in the village (i .e., "Rassempouiga" in Massi 

villages; soils S13, S21 and S71 in Table 3). 

Regarding arable lands that have an acceptable quality, 

a deliberate selection of the most fertile lands for cultivation 

is unlikely to leave under fallow only lands of marginal quality. 

This isso for various reasons: 

(a) as a result of family control over lands, earlier 

settlers according to some farmers, tend to control 

land of better qualities and tend to keep the 
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best lands under fallow as long as possible. This 

practice secures the lands for their future needs, 

when lending or donating lands to others. 

(b) If a deliberate selection of better quality lands is 

effective and if a soil has been cultivated in the 

past, then it was of good quality at the time it was 

cultivated. If the length of the fallow period is 

at least equal to the minimum length of fallow 

required to regenerate soil fertility (at least seven 

years of fallow after three to four years of cultiva

tion), then, there should be no major difference between 

the current quality of the land and its previous 

quality if one accepts the view that a sufficiently 

long fallow period regenerates soil fertility. 

(c) Most lengthy fallows on which q~ is measured are 

found outside the village territory in less densely 

populated areas where some fallow lengths are 

estimated to be over 70 years. Many farmers judge 

the natural quality of such 'lands to be superior to 
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the natural quality of the lands they are currently cul

tivating. Only the long term use of manures they say 

enhances the quality of some of the lands that are 

currently under cultivation. The farmers cite the 



long distance between the new lands and the village, 

diseases such as river blindness, and the 

fear of confronting the wilderness alone as the major 

reasons why such lands are the object of long 

fallow periods. 
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(d) If the selection of most fertile lands is effective, the 

quality of the most recently colonized lands 

(one to three years ago) should be greater than the 

quality of lands remaining under fallow. Never

theless, as it will appear in the results presented in 

this chapter, this was not the case in the study area. 

Furthermore, the quality of soils in the most 

recent fields (i.e., q~, in Ring 5) has also been used 

as a control quality along with the q~ measured 

on fallowed lands to account to some extent for the possi

bility of a deliberate selection of the best fallowed 

lands for cUltivation. 

Another methodology that could be used to achieve the objective 

of this chapter is to construct balance sheets of the imports 

and exports of nutrients from each ring to determine the net flows of 

nutrients. This alternative was not used because of a 

lack of sufficient information to do so. Soil fertility is not deter

mined only by the exports of nutrients, by the plant and by 



the applications of fey·ti1izer by the farmer. It is also deter

mined by biological activities at the soil level caused by 

microorganisms as well as by root systems and crop rotation. All 

of these influence the soi1's physical status, the mineralization 

of soil nutrients, the fixation of nitrogen and the migration 

of nutrients from subsoils to topsoils. These biological 

phenomena. are also responsible for soil fertility regeneration 

when the land is left to fa1iow. They remain effective to some 

extent when the land is cultivated and may even be enhanced by 

cultivation, depending on the cultivation practices used. The use 

of fallow as a means of regenerati ng soil ferti 1 i ty is the ma.ior 

reason why these biological soil fertility transformations should 

be taken into account when constructing said balance sheets. 

Unfortunately, secondary data on necessary coefficients that are 

needed to evaluate the biological soil fertility changes are 

highly variable depending on the environment and the cultivation 

systems and were not available to the author. Direct measures of 

soil fertility with soil samples analyses and the application of 

the first methodology mentioned above were, therefore, preferred 

to the balance-sheet alternative. 

Definitions 

Definitions, Some Dynamic Aspects 
of the Farming System and 

Their Methodological Implications 

Given Z the total length of one cycle of land use 

such that Z = C + F; C is the number of years of cultivation, 
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and F is the number of years of fallow48 • The relative freguency 

of fallow is f(F) = F/Z and the relative freguency of cultivation 

is f(e) = e/z; R = 100 f(e) is the characteristic "R" defined by 

Joosten (1962) as the "intensity of land utilization." R 

approximately indicates the proportion of the area under cultiva

tion in relation to the total area available for arable farming. 

When farming systems are classified according to the type of 
, 

rotation, the West African savanahs farming systems are often 

referred to as "Fallow Systems", because of the presence of fallow 

in the rotations. When such farming systems are classified 

according to the intensity of rotation, they are referred to as 

shifting cultivation systems when R ~ 30, as semipermanent 

cultivation systems when 70 > R > 30, and as permanent 

cultivation systems when R > 70 (Ruthenberg, 1971). Following 

such a classification, the farming system under study was a 

semipermanent farming system over the past twenty-five years. 

This is so because the average R (computed from Table 10) was 

approximately R = 50. During the same period cultivation was 
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permanent in Ring 1 and Ring 2 (R > 75) semipermanent in Ring 3 (R ~ 60) 

and Ring 4 (R ~ 40), while marginally shifting in Ring 5 (R~ 30). 

Howe ve r, di fferent plant species such as cereals and legumes do not 

exert the same pressure on soil fertility. To account for such 

48No land is specifically used for grazing, all fallows are grazed. 

.' 
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differences, one may conceptually refine the land use factor and speak 

of the intensity of cultivation which may be defined as Ic=f(C~)+alf 

(C re )+a2f(Ce), where (C r ) is the number of years of cer~al and f(C r )= 

Cr/Z; Cre is the nu~ber of years of cereal intercropped with legume. 

(Ce ) is the number of yeal's of legumes. al and a2 are relative soil 

fertility mining coefficients, and one may expect 1>a1>a2>o. Given 

the characteristics of the cUltivation rings presented in Chapter 3, the 

intensity of cultivation necessarily declines from the first ring to the 

last,49 i.e., Ic(Rl»Ic(R3»Ic(R4»Ic(R5), as does the intensity of land 

use. Therefore, the terms "intensity of land use" and "intensity of 

cu1 ti vati on II wi 11 be used synonymously in the rest of the text. The 

i ntensi ty of cult'j vati on i ndi cates the soi 1 fertil ity mi ni ng or deple

tion power of the cultivation system in absence of fertilization. 

However, as shown previously, the soil fertility mining effects of the 

increasing intensity of cultivation from the last to the first ring are 

reduced by a fertilizer use that also increases from the last to the 

first ring. 

The ring effect is the effect of the specific set of soil ferti

lity management practices that characterize each management ring (e.g., 

Table 9). As such, it reflects the effect of the corresponding inten

sities of land use and cultivation. Ring effects on soil fertility 

will be discussed in the forthcoming section along with the field age 

49This is necessarily so since the relative frequency of fallow, the 
relative frequency and the planting density of leguminous crops in
crease from the first ring to the last. Not to mention the fact that 
millet and sorghum planted in Rings 4 and 5 have lower soil fertility 
requirements than maize and red sorghum planted in Rings 1, 2, and 3. 
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effects. The ~ of a field is the number of years since it has been 

taken out of a lengthy fallow {at least six to seven years of fa11ow)50. 

The age effect is basically the effect of the duration of cultivation on 

the contemporary natural fertility or productivity of the soil. Some 

of the above definitions and others are illustrated in Figure 13. 

The Dynamic Spatial Expansion Pattern and Its 
Methodological Implications 

The compound in which the household lives is the "center of 

gravity" of all social and economic activities in the Mossi farming 

system. As such, the age and the size of each compound tend to reflect 

the time length of settlement in the village by the household's extended 

family, the stability of the household, its social status and its eco

nomic power. The older compounds in general tend to be the larger ones 

in terms of both the size of the building and the number of people living 

in them. The households living in such compounds tend to have access 

to more land than the households living in more recent compounds. 51 

This is a consequence of the land tenure system. 

50Various agronomic studies have shown that a minimum of six to seven 
years of fallow is necessary for soils in the region to regenerate 
their natural fertility on bushfields and under traditional farming 
in the region after a maximum of three years of cultivation. 
Ruthenberg, 1971; F.A.O. 1976, Sanchez, 1976. 

51 The world compound refers more specifically to the living site of 
the household as an autonomous economic unit from one generation 
to the other. The addition of new walls and the destruction of 
old walls does not change the age of the compound. 
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Case: A farming system where fallow is the only means of soil fertility 
regeneration (Guillemin, 1956; Ruthenberg, 1971). 

zi = length of the ith cycle of land utilization 
c = 5 years of cereals + 0 years of legumes 
F = fallow years, Fa FI>Fi F3 = 7 ye a rs minimum useful length of fallow 

> F 
t = timt t l = field "age", qo = original soil fertility, qb = contempo

rary natural soil fertility = Natural soil fertility inherited by the 
current generation of farmers or household heads (H.H.). 

q = average soil fertility. I = intensity of cultivation. Shor term 
change~ in soil fertility under cultivation = bc, de, fg, hi, jk = 
effects of t l plus effects of I (i.e., STC = E{t ' ) + E{I)) 

Long term changes: abcdefghijk = cumulative effects of t l + effects of 
time changes in I, (i.e, LTC = E (rt ' ) + E{dI/dt)). 

Figure 13. Illustrative Definition of Some Soil Fertility Management 
Aspects of Fallow Systems. 



The shifting and semipermanent natures of the cultivation 

system in the past and the land tenure system potentially allow 

earlier settlers to have access to more land than the recent 

settlers, most of whom live on borrowed or donated lands. Older 

compounds tend to be wealthier than the younger ones (as a result 

of life cycle accumulation of wealth). Consequently, ownership 

of cattle, animal traction equipment and the use of chemical 

fertilizers occur more often among households living in older 

compounds than among households living in younger compounds. 

Households living in older compounds, therefore, tend overall to 

have more potentials to maintain and improve soil fertility than 

the others. The above facts are illustrated in Figure 14. 

Numerical evidence to support them appear in later sections of 

the study. 

The reduction in the width of the circles and the triangle 

from left to right in Figure 14 illustrates the following: 

(a) The decline in the amount of land controlled by 

younger compounds as compared to that controlled by 

older compounds. 

(b) The associated decline in social status and 

economic power (measured by the sizes of production 

resources and income per compound). 
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Notes: t = time dimension 

r = average intensity of cUltivation on the farm #j. c 

Figure 14. Spatial Expansion of the Farming System. 
'),} '. 
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(c) the rarefaction of ar.ab1e. and relatively less 

cultivated or fallowed land as time goes by and 

the demographic pressure on the land increases. 

The average "age" of pennanent fields (Rings 1 and 2) tends 

to be higher for older compounds than for recent ones, and the 

average intensity of cUltivation on nonpermanent fields (Rings 

3, 4', 5) tends to be lower for older compounds than it is for 

younger ones because of the access to land factor. Overall, the 

average intensity of cUltivation on older and larger farms tends 

to be lower than on younger and smaller fanns. Compound #1 in 

Figure 14, for instance, is the oldest, followed by Compound #2; 

and the latter is followed by Compound #3. Compound #2 may be 

a product of Compound #1, that is a member of compound #1 may 

break away and build his own compound away from his parent 

compound #1. He then has access to part of the land 

controlled by his parent compound (~) and to some new land 

obtained elsewhere. Compound #3 may be built by a young 

household out of either one of the previous compounds or by 

someone from elsewhere. It may be built on land not controlled 

by any of the previ ous settlers, except by a fami ly leader or 

the village head who may donate or lend such land to the new 

settler. 

The major and the most relevant implication to this study 

of such an expansion pattern is the fact that it permits a wide 
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range of variation in duration of cultivation and in the 

intensity of cultivation across fields and farm lands. It 

further enhances the variations in soil type and allows all 

soil types to appear in every management ring as illustrated 

in Figure 15 below. Table 17 also shows the variation in field 

age across the management rings. It shows an inverse 
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Figure 15. Management Rings and Soil Types. 
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Table 17. Relative Distribution of Rings Areas by Field 
Age Groups (Percentages of Each Ring Area). 

Ring 
Field Age 
(years) Ring 1 Ring 2 Ring 3 Ring 4 Ring 5 

t'< 4 2.8 a a 22.2 41.8 

4 < t' < 9 1.4 1.9 a 4.5 30.8 

9 < t' < 16 6.1 4.4 6.7 16.9 9.2 

16 < t' < 25 4.2 16.4 10.7 0 a 
25 < t' < 36 a a a 0 1.9 

t > 36 ·85.5 77 .3 87.6 56.3 16.2 

All 100 100 100 100 100 

relationship between field age and the average intensity of 

cultivation. It also shows that substantial amounts of recently 

cleared land surfaces exist in Ring 5. 

These cross sectional variations within the village 

sample are exploited to draw statistical inferences regarding 

the static and dynamic short-term and medium term parameters of 

the soil fertility management system. 

The Cultivation Induced Soil Type Hypothesis -
Empirical Evidence and Methodological Utility 
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The spatial and dynamic expansion pattern of the farming system 

described in Figure 14 is important in terms of the long term effects 
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of the soil fertility management system. This holds true if the 

cumulative effects of the intensity of cultivation and the long term 

duration of cultivation (i.e.,E tl) contribute to structural 

and textural changes in the regional soil type that leads to 

further variations of the regional soil type. 

As stated by a panel of experienced farmers in the study 

area, a prolonged cultivation of sandy soils (S20) in many places 

leads to an increase in the proportion of gravels in the top 

soil. There was a general agreement among the farmers on the 

change from sandy texture (520) to the sandy gravelly texture (S12) 

witnessed by many. However, no strong agreement was reached 

regarding the change to more gravelly soils (SlO, Sll). The latter 

could, according to some, be a natural state of affairs, while 

others disagree. The brief soil survey conducted by the author, 

the results of which were previously summarized in Figure 9, shows 

that the soil profile is such that this cultivation-induced soil 

type bypothesis could be true if cUltivation leads to loss of 

top soil or to a mixing of adjacent layers. CUltivation and 

rainfall contribute to soil erosion and thereby to a loss of top 

soil. This is the principal underlying the Universal soil loss 

equation (Wischmeier and Smith, 1978). The mixing of adjacent 

soil layers has also been observed on tropical soils and is 

theoretically related to tillage and/or microorganism activities 

(Lal and Greenland, 1979). 
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Topographical variables are also major determinants of soil 

type in the presence or absence of cultivation. However, 

the observed dynamic changes in the soil characteristics occur mostly 

on flat upland where differences in topographical variables 

are nil or negligible. As one may notice by looking at Figure 8, dif

ferences in soil type exist in the same field and on neigh

boring fields, on what appears to be the same topographical position. 

Therefore it is highly possible that some of the observed 

variations in soil types could be the result of an intensive culti

vation. 

An investigation of the hypothesis using the short term (40 to 

50 years) field history as shown in Tables 18 and 19 suggest the 

following points: (a) Lowland vertisoils (S40) are the 

most recently colonized and the least intensively cultivated soils. 

This is mostly because most cultivated lowland vertisoils 

have been recently borrowed from neighboring villages in the area 

as land became scarce in the village territory. (b) In 

recent years, the upland sandy gravelly soil (S12) has apparently 

been the most intensively cultivated soil with the longest 

average duration of cUltivation. (c) There exist no striking dif

ferences between upland gravelly soils (SlO, Sll), upland sandy soils 

(S20) and lowland sandy soils (S60) as far as the duration 

of cultivation and the intensity of cultivation in recent years are 
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Table 18. Relative Distribution of Local Soil Types across 
Field Age Groups and Management Rings. (Percentages 
of Each Soil Type Area) 

Age Soil 
(years) S20 S12 Sl1-S10 S40 S60 

t l < 4 25.6 4.4 24.5 57.7 27.0 

4 < tl < 9 21.6 8.5 16.7 20.0 30.9 

9 < t l < 16 8.0 6.9 14.0 16.0 0 

16 < t l < 25 6.8 0 3.1 0 3.1 

25 < tl < 36 0 0 0 0 8.7 

t l > 36 38.0 80.2 43.7 6.3 30.3 

All 100 100 100 100 100 



concerned. However, the figures favor the statement that gravelly 

soils (510, 511) are at least as intensively cultivated as the 

upland and the lowland sandy soils (520, 560). In summary, the 

empirical evidence suggests that Ic(512) > Ic(510, 511) ~ Ic(520) = 
Ic(560) > Ic(540), where Ie indicates the intensity of cultivatton. 

Therefore, the geologically short term evidence partly 

supports the cultivation-induced soi] type hypothesis. 
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The intensity of cultivation and the duration of cultivation could 

contribute to a change in the soil texture from sandy (520) to sandy 

gravelly soils 52 (512), and the gravellier soils (510, 511) 

might represent natural states of the regional soil. However, pedolo

gical changes occur Dver hundreds of years and the cultivation-induced 

soil type hypothesis can be properly tested only with elaborated 

pedological studies. 

In this study one may choose to accept for the long term 

the suggestion provided by the empirical evidence from the field 

history questionnaire for the past forty to fifty years53 and 

stated above. That is, only the sandy gravelly texture (512) is 

the result of the long term effects of the soil fertility management 

52This statement does not exclude the fact that the sandy spots where 
this phenomenon is observed may occupy on the toposequence a 
relatively more vulnerable position for rainfall and runoff erosions. 
Cultivation then would have only accelerated the natural alteration 
process. 

530nly information on fallow was obtained for such a tinle period. 
Information on crops was obtained for the past five years only. 
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system. Such a conclusion is consistent with the farmers' statements, 

and there is no reason not to believe them, since farmers know their 

natural environment better than anyone else. The methodological 

implication of such a conclusion for this study is that some of the 

dynamic long-term effects of the soil fertility management system in 

the farming system productivity could be caputred by comparing soil 

fertility and resource productivities of upland sandy soils (520) 

with those of upland sandy gravelly soils (512). 

Static and Dynamic Effects of the 
Soil Fertility Management System on The 
Soil's Physical and Chemical Fertility 

Chemical Fertility Analysis 

Soil Sampling and Analytical Method. To the five management 

rings discussed in the previous sections let us add a sixth 

management ring, Ping F, which includes all bush lands under fallow 

for at least seven years in the study area, on all soil types, as 

shown in Figure 16. The quality of the soil in Ring F is intended 

to serve as the control soil quality q~, along with the 

quality q~ of recently cleared fields inside the fifth ring, as 

discussed earlier in this chapter. Soil samples were 

taken from about one-third of the sample fields on fields subjected to 

the dominant management practices in each management ring. A syste

matic sampling procedure was used. A total of 60 field-soil samples 

have been taken from the longest fallows in Ring F (seven 
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to more than fifty years) and from cUltivation rings on each local 

soil type. 54 Such samples have undergone chemical analyses 

in the Voltaic F.A.O. soil laboratory. Physical analyses have been 

carried out on 24 samples obtained at two different soil 

depth levels on all soil types during the soil survey. On each soil 

type the results from the fallow ring (Ring F) are compared 

with those obtained for the samples from the management rings. In a 

second phase, the results of the soil analyses for the 

samples taken from the fifth ring (where one finds the most recent 

fields) on fields that have never been fertilized are compared with 

those of the soil samples taken from the other rings. It is assumed 

that the current generation of farmers takes on soils of 

quality similar to the quality of the arable soils found on the fallowed 

land in Ring F and puts them under cultivation. The dif

ferences between the fertility (qO) measured on such soils and the 

fertility (q) measured in the cultivation rings are attributed to the 

soil fertility management component of the cultivation 

system and are expected to reflect, from one ring to another, the 

effects on the contemporary natural soil fertility of 

various intensities of cultivation. 

54The fields under each dominant management practice were stratified 
by age group and by soil type. Approximately one-third of the 
fields in each stratum were selected. 



The chemical measures of soil fertility used are: 

(1) The carbon content of the soil which is proportional 

to its organic matter content55 and is strongly 

correlated with its potential nitrogen content. The 

CIN ratio was about 10 for all soil types, and soil 

fertility generally increases with its carbon content 

for CIN ratios between 7 and 13 (France, p. 81). 

(2) The assimilable P205 (Phosphorous) content of the soil. 

(3) The exchangeable bases content of the soil, which 

includes, among others, potassium. 

(4) The cation exchange capacity of the soil, which 

measures the soil ability to exchange nutrients with 

the plant. 

(5) The pH of the soil, which if too low, may result in a 

blockage of nutrients in the soil. Soil fertility 

usually increases when the pH increases from 4 to 7.5, 

Ceteris Paribus. (France, p. 81). 

Assuming that fertility on each soil type and in each ring 

is normally distributed, the statistical t-test has been used to 
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550rganic matter content is obtained by multiplying the carbon content 
by 1.725. 



test the differences between the mean fertility measures of the 

categories mentioned earlier. On one hand, it compares the 

mean value of each of the above fertility elements in Ring F 

(Eo) with the mean value of each fertility element inside the 

management rings (Er) for each local soil type. On the other 
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hand, it compares the mean value of each fertility element inside the 

nonfertilized fields in Ring 5 (E5) with the mean value of each 

fertility element inside the other cultivation rings (Er). Under 

the null hypothesis (Ho), the difference between the means is zero. 

It is greater or lower than zero under the alternative hypothesis 

(Ha), depending on the trend suggested by the fertility measures. 

For each fertility element, Ha ;s accepted if it is accepted at .05 

level for both cases of comparison (e.g., Er - Eo> 0 and 

Er - E5 > 0 with one tail test) or if it is accepted at .05 level for 

one case (e.g., Er - Eo> 0) and accepted at .10 level for the other 

case (Er - E5 > 0). Otherwise, the null hypothesis is accepted. 

The underlying t-test procedure is illustrated in Figure 17 and 

the mean chemical fertility measures and the test results are shown 

in Table 20. 



q.=q(I. ) 
J J 

Ring F Ring 5 

Figure 17. The t-test Procedure. 

. 
-'1' 

(e) 

Intermedi ate 
Rings 2, 3, 4 

Ring 1 

Ej in Figure 17 above is the vector of fertility elements 
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in Ring j (E = vector of means) and qj= q(Ej) stands for soil 

fertility in Ring j. The t··test accesses the statisttca1 significance 

of the trends shown by the solid lines (a), (b) and (c) on one 

hand, and the statistical significance of the trends shown by the 

dashed lines (d) and (e) on the other hand. Other inter-ring 

trends such as the one shown by the dotted line (f) are also 

accessed. 

In most studies soil fertility is evaluated by using the organic 

matter content or the potential nitrogen content (both linear functions 

of the carbon content) as a single measure of chemical fertility 



Table 20. Mean Chemical Fertil ity Measures and t-Statistics 

RinQ F Nonferti 1 i zed Fertilized Fields Fertilized Fields 
Soil Min: 7 Fields in Ring 5 in Intermediate Rings 2. 3. 4 in Ring 1 

E Year M = 2-0B-Ol M = 2-0B-10 M = 2-03-10 and 2-l~-10 
No Fallow Sign of tr Sign of Sign of tr Sign of Si9!!. of Nr to 

(SO) 1'5 "[s-fo (SO) tr-Eo Er-ES (SO) fr-Eo Er-E5 
(SO) at .05 at .05 at .05 at .05 at .05 

(t) (t) (t) (t) (t) 

20 C .34 .43 =0 .34 =0 =0 .84 >0 > 0 
No=2 (.01 ) (.16) (1.12) (.07) (0) (1.07) ( .40) (2.49) (1.9 ) 
NS=S P 3.4 2.24 =0 6.3 =0* > 0 84.2 >0 > 0 
N234=9 (1.2) ( .48) (0.95) (3.8) (1.61) (6.55) (71.7) (2.3) (2.3) 
Nl=S 5 2.5 2.5 =0 2.4 =0 =0 10.1 >0 > 0 

( .1) ( .42) (0) ( .6) (1.0) (.35) (5.1) (2.98) (2.97) 
T 2.7 3.0 =0 2.5 =0 =0 5.0 >0 > 0 

( .1) ( .70) (.82) (.5) (.74) (1.27) (1.93) (2.3) (1. 95) 
PH 6.5 6.2 <0 6.8 =0 =0 7.B >0 > 0 

(0) (.21) (2.86 ) (1.0) ( .60) ( 1.62) (.25 ) (10.4) (9.BO) - - - - - - - - - - .. .. - - .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ------
12 C .70 .78 =0 .94 =0 
No=2 (.31 ) ( .OB) (.25 ) ( .3D) (.70) 
N234=3 P LBO 20.3 > 0 49.3 > 0 
Nl=5 ( .20) (10.3) (2.53) (39.6) (2.39) 

5 3.B 4.7 =0 9.7 =0 
(1.7) (1.1 ) (.4B) (7.0) (1.50) 

T 4.B 4.2 =0 5.6 =0 
(2.1) (.25 ) (.2B) (.95) ( .1S) 

PH 6.7 7.0 =0 7.6 -~ 0 - " (.1) (.7) ( .59) ( .46) (3.S4) .. - .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
11 C .39 .42 =0 .BO > 0 > 0 
No=l (0) (.11 ) ( .3B) ( .23) (4.95) (3.26) 
NS=3 P 2.3 15.0 =0 65.2 > 0 > 0 

(0) (16.0) (1. 12) (55.6 ) (2.99) (2.64) 
N234=B S 2.2 3.3 =0 7.7 > 0 > 0 

(0) ( .9) (1.73) (4.2 ) (3.66) (2.57) 
T 2.6 3.56 =0· 5.1 > 0 > 0 

(0) ( .66) (2.14) ~ 1. ~) (4.72) (2.13) 
PH G.l 6.3 =0 7.3 > 0 > 0 

(0) (.20) (1.41 ) ( .6) (5.29) (3.74) .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ------ .. ------
10 C . 67 

P 3.34 
No=l 5 3.0 

T 4.76 
PH 6.3 .. .. .. .. .. .. .. .. - .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .......... 

60 C .94 .40 < 0 • 68 
No=l (0) ( .07) (7.1 11 ) (.11) 
NS=2 P 1.4 2.33 =0 40.5 

(0) ( .62) (1.61 ) (27.0) 
Nl=3 5 1.9 2.4 =0 10.1 

(0) ( .30) (1.67) (B.7) 
T 3.3 2.52 < 0 4.6 

(0) ( .22) (3.64) (1.06) 
PH 6.1 6.1 =0 7.40 

(0) (0.0) (O.O) (.55) .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
40 
No=l 
N5=1 

C 
P 
5 
T 

PH 

.97 

.B3 
25.7 
26.B 
6.7 

.56 
3.B 

lB.5 
12.9 
6.9 

< 0 
> 0 
< 0 
< 0 
> 0 

< 0 > 0 
(3.34) (2.67) 

=0· =0* 
(2.05) (2.0) 

=0 > 0 
(1.33) (2.56) 

=0 > 0 
(1. 73) (2.56) 
> 0 > 0 

(3.34) (3.36) .. .. .. .. .. .. .. .. .. .. .. .. .. 

Notes: C is carbon content given in weight percentag~ (:). The total organic matter content is UM~ = 
1.724 C%. The C/N ratio is about 10 for all soil samples. P is assimilable P in ppm. 
Exchangeable bases (5) and cation exchange capacity (T) are measured in me/IOO grams of fine 
soil. pH is PH(H20). The samples were taken from the upper 20 cm of the soil. 
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SO=standard deviation; t=t statistic; No=number of samples in Ring F; Ni=number of samples in Ring 1; 
NS=number of sampl~s in Ring 5; N234=number of samples in Hings 2. 3 and 4 

Er-n 2 2.5 
t-test: t(Er-Ei)=S"[r-Ei. Srr-Ei =(Srr + SEt) • i = 0.5. Separate variance assumption used. 

- - 2 52 nEi-El). 52 .r(Er-Er) 
rj = n{n-l) Er· n{n-l) 

*The alternative hypothesis is accepted at .10 level. 



(Clark, 1980; Burt, 1981). However, the law of the minimum factor 

states that an increase in one factor (or fertility element) does 

not imply an increase in actual soil productivity (effect of 

factors on yields) if another factor is a limiting factor 

(Liebig, 1840). Trying to define at what level a given factor 

is limiting for a given crop will lead to a very complex analysis. 

This section analyzes levels and changes in potential soil 

fertility (available factors). An increase in fertility is 

concluded if there is a significant increase in at least one 

factor (or fertility element) while others remain constant or 
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increase. If the number of factors declini~g is less than the number 

of factors increasing. a zero change in soil fertility is concluded. 

A negative change is concluded when the reverse case occurs. 

The Natural Contemporary Chemical Fertility 
of the Soil (q~): The Soil Effect 

The analysis of soil samples from fallows and from the non

fertilized fields in the fifth ring (most of which have been 

recently taken out of the fallow) suggest that the chemical 

composition of the fine soil (~< 2mm) is approximately the same 

for all "new" upland soils, but different for the two "new " lowland 

sOils56 . The carbon content of the "new" upland soils varies between 

.30 percent and .70 percent and on the average is approximately 

.42 percent. The carbon content of the "new" lowland soils is 

56The terms I natura1" fertility and fertility of "new " soils are 
employed synonymously and refer to the fertility of soils on 
fallowed lands and of soils on recently cleared (less than 
6 years ago) and nonfertilized fields in Ring 5. 



about .95 percent; therefore, more organic matter is found in "new" 

lowland soils than in "new" upland soils. The assimilable P205 

content of the "new" upland soils is about 3ppm ;n general and 

only about lppm in "new" lowland soils. The exchangeable bases 

content and the cati on exchange capaci ty of "new" up1 and soi 1 s vary 

between 2.5 me/100 g and 5.0 me/100 g and center around 3 me/100 g. 

They are about 3 me/l 00 g on the IInew" sandy 1 oam 1 owl ands 

(560) and rise to about 25 me/100 g in the "new li clayey lowland 

vertisoils. The pH (H20) varies overall between 6 and 7. It;s 

relatively lower (more acid, below 6.5) on the gravelly upland 

soils (511,510) and on the sandy loam lowlands (560). It is 

relatively higher (less acid, above 6.5) on the sandier uplands 

(520, 512) and on the clayey lowland vertisoils (540). 

Thus, it appears that on upland areas, the natural 
I 

chemical fertility (qco) is about the same for all local upland 

soil types, i.e., q~o (520) = q~o (512) = q~o (511) = q~o (510). 

However, the above result implies that the total natural chemical 

fertility stock (Qco) may decline from sandy soils to gravelly soils 

because of the increase in the coarse fraction (k) of the sOi1 57 . 

Among the two lowland soils, the vertisoils (540) appear to be more 

naturally and chemically fertile than the sandy lowland soils, 

57Reca11 from Table 4 that the percentages of qravels are 
14 percent for 520, 35 percent for 512, 43 percent for 511 
and 50 percent for 510. Useful soil depth (P) in Manga ;s 
greater than 1 meter., with roots appearing on all profiles. 
It is not a limiting fertility factor in the village. 
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i.e., q~o (540) > q~o (560). The lowland vertisoils (540) are also 

the naturally richest soils overall in organic matter and in 

exchangeable bases. 

Ring Effects and Soil Effects 

Chemical Fertility Levels and the Short to Medium-Term . 
Changes (gc~l. The short-to-medium term changes are those 

changes in soil fertility that occurred between the time that 

the field was cleared out of fallow and the time the soil samples 

were taken. This time span varies between one to more than fifty 

years. 

The laboratory and the t-test results shown in Table 20 

suggest the following major ring effects which apply uniquely to the 

upper 20 to 30 cm of the soil. 

(1) On Upland, for All Upland Soils. 

(a) The chemical fertility of recent and nonfertilized 

fields in Ring 5 is not in general significantly 

different from that of the fallowed lands in Ring 

F. Only a slight decline in pH is noticed on 

sandy soils (520) from the fallowed lands to the 

recent fields. 

(b) Compared with the soil chemical fertilities 

of fallowed lands in Ring F and of recent 

fields in Ring 5, the chemical fertility of cul

tivated lands is in general either maintained 

or improved. A net and unambiguous improvement 
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in the soil chemical fertility occurs: (i) in 

maize and maize-red sorghum fields which are 

found on sandy soils (S20) and sandy gravelly 

soils (S12) inside the first ring58. These 

fields are fertilized almost ,:'nce every year 

(Tables 10, 11); (ii) in permanent and non

permanent red sorghum fields which are found on 

sandy and gravelly soils (S20, S12, S11) inside 

the intermediate rings (Rings 2, 3, 4). Over 90 

percent of the area covered by these fields is 

fertilized at least once in a six year period 

(cf. Tables 10,11). 

(c) The soil chemical fertility of the more 

intensively cultivated fields (maize and red 

sorghum fields in Rings 1, 2, 3 and 4) is higher 

than that of the less intensively cultivated 

fields (millet and white sorghum fields in Ring 5). 

(2) On Lowland, for All Lowland Soils 

(a) One notices that the cultivation of lowland soils 

leads to the following: (i) A significant 
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58There is less improvement in fertility on maize fields rotated with 
red sorghum than on permanent maize fields. The carbon content of the 
soil is about 1.20 percent on permanent maizefields and about .60 
percent on the others. The latter, however, recieve at least as 
much organic fertilizer as the permanent maize fields. The lower 
soil fertility may be accounted for by the absence of specific 
anti-erosion devices on such fields when red sorghum is planted. 



decline in the organic matter content on both 

fertilized and nonfertilized lowland soils; 

(ii) a decline in the cation exchange capacity on 

nonfertilized lowland fields (the vast majority 

of lowland fields59 ) but not on fertilized 

lowland fields; (iii) either a zero or a net 

increase in pH followed by a more or less 

significant increase in the assimi lable P205 

content of the soils on both fertilized and 

nonfertilized lowland soils. These positive 

changes are most significant in fertilized fields 

inside the first ring. 

In view of the above, the net effect of cultivation on 

lowland soil fertility is not clear. However, in view of the 

actual figures in Table 20, it is likely to result in a slight 

decline in soil fertility on the mostly nonfertilized lowland 

soils while resulting in a more or less positive maintenance of 

the overall soil fertility on the few lowland fields that are 

fertilized in the first ring. 

(b) The lowland soil chemical fertility is 

unambiguously and significantly ~igher on 

the more intensively cultivated fields (in 

the first ring) than on the less intensively 

cultivated fields (in Ring 5). 

59This is because most lowland fields are found in the fifth ring. 
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The major ring effects are as summarized in Figure 18 below: 

LO\l/l and Sandy
Silt Soil 

S60 

S40 
Lowland 
Vertisoil 

Upl and t10st 
Grave lly Soil 
510 

Upland Sandy 
Soil 

S20 

512 

Sandy 
Gravelly 
Soil 

Upland 
Grave lly 
Soils 
S11 

Figure 18. Ring Effects on the Soil's Chemical Fertility by Soil Type. 

I'.:::~~'I Fallowed lands in Ring F 

~ Remote and non-existent cases (no soil samples) 
c:==J Cultivation rings analyzed 
O="Natural fertility in Ring F 
O+=Most fertility elements have their levels maintained, one has 

increased. 
O-=Most fertility elements have their levels maintained, one has 

decl i ned (pH) 
O--=Most fertility elements have their levels mainta'ined, two are 

reduced 
O+-=Most fertility elements have their levels maintained, one is 

improved, one is reduced. 
OO=All fertility elements are maintained at their original "natural" 

leve 1. 
++=All fertility elements have their levels improved 
+-=Three fertility elements are improved, two are reduced. 



Short-to-Medium Changes in Total Chemical Fertility Stocks . 
~) on Upland. The chemical fertility of the soil in general 

increases or remains unchanged from the fallow ring to the maize 

ring. In fact, all mean fertility measures in Table 20, in 

general, increase on upland soils from Ring F to Ring 1, 

although not significantly in some cases. As shown in Table 21 

below, the proportion of gravel (k) on each soil type tends to 

Table 21. Percentages of Gravels per Ring and per Soil Type. 

UQ1and Lowland 
Rings 

S20 S12 Sll S60 

% % % % 

540 

% 
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n gravel n gravel n gravel n gravel n gravel 
(a) (a) (a) (a) (a) 

1 5 22 (7.5) 4 32 (8) 3 23 (12) 

2,3,4 6 13 (9 ) 2 39 (18) 7 47 (6) 

5,F 8 13 (7) 2 30 (9) 4 33 (11 ) 2 6 (0) 1 14 (0 ) 
- - - - - - - - - - - - - - - - - -

ALL 19 15 (9) 8 33 (12) 11 42 (8) 5 17 (13) 1 14 (0) 

Note: n=number of samples analyzed. (a) = standard deviation. 

increase or remain constant from the last rings (Rings F and 5) 

to the first one. There is a statistically significant increase 

in k only on gravelly soils (Sll) from the last rings to the 



intermediate rings (Rings 2, 3, 4); however, such an increase is 

more than offset by the increases in chemical fertility that 

appear in Table 20. Therefore, the ring effect on total chemical 

fertility stocks may be either nil or positive on upland. 

Short-to-Medium Changes in Total Chemical Fertility Stocks . 
~) on Lowland. The results are more conclusive between the 

fallow ring and the cultivated rings. An increase in the 

proportion of gravels from the last rings to the first favors a 

decline in total chemical fertility stock on lowland. 

Soil Effects and the Cultivation Induced Soil Type 

Hypothesis. Assuming that the cultivation induced soil type 

hypothesis is completely true, the cultivation system in the 

studied area would cause the regional upland soil to evolve across 

the following stages, as generations of farmers crop on it. 

Stage 1: Sandy texture (S20), Stage 2: sandy-gravelly texture 

(S12), Stage 3: gravelly texture (Sll and SlO). Assuming once 

again a normal distribution of fertility on each soil type, the 

statistical t-test has been used to test the null hypothesis of 

no difference against the alternative hypothesis of positive or 

negative difference between the mean measures of chemical fer

tility (in Table 20) from one ~pothetical evolutionary stage to 

the next at a .05 level. The results appear in Table 22. 
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Table 22. Changes in Mean Chemical Fertility Measures across Upland Soils <t-test) 

Ring 5 Intermedipte Rings Ring 1 (Nonfertilized Fields) (Fertilized Fields) 

C P 5 T PH C P 5 T PH C P 5 T 

Fran 520 to 512 > 0 > 0 > 0 > 0 =0 =0 =0 =0 =0 
(7.3) (2.0) (2.8) (6.8) ( .32) ( .52) ( .85) (.Ol) ( .55) 

From 520 to 511 =0 =0 =0 =0 =0 > 0 > 0 
> ° > ° =0 

(.09) (1.12) (1. 78) ( .96) (.56 ) (5.1 ) (2.13) (3.3) (4.7) (1.20 ) 

Fran 512 to 511 = 0 
> ° = 0 =0 =0 

(.19 ) (2.0) (1. 70) (1.62) (.60) 

Note: The table shows the accepted hypothesis at .05 level. The t-statistics are shown in parentheses; - stand for 
remote or nonexistent cases. 

C=carbon, P=phosphorus, 5=exchangeable bases, T=cation exchange capacity, PH=pH (H
2
0). 

PH 

=0 
(.77) 

--' 
C'I 
ex> 



The analytical and statistical results in Tables 21 and 22 

suggest that no significant changes in chemical fertility occurs 

in the fifth ring between sandy soils and gravelly soils. However, 

a decline in total chemical fertility stock may occur because of 

the higher proportion of gravel in gravelly soils. Inside the 

intermediate. rings (Rings 2, 3,4), chemical fertility is higher 

on sandy gravelly and gravelly soils (S12, Sll) than on sandy soils 

(S20). The vast majority of these fields are fertilized, and such 

an increase may result from the cumulative stock-effect of the 

fertilization. This is due to the fact that the sandy soils are 

assumed to be lIyoungerll from the point of view of cultivation, than 

gravelly soils and as such have been subjected to less cultivation 

and fertilization than the gravelly soils that now exist. However, 

judging from the analytical results in Table 20, only the P205 and 

exchangeable bases (S) contents of the soil increase as much as its 

gravel content, from sandy texture to gravelly texture, while the 

- other fertility elements appear to increase less rapidly. The total 

soil chemical fertility stock may decline in the intermediate rings 

if the soil evolves from a sandy texture to a gravelly one. Inside 

the first ring there exists no significant change in chemical 

fertility from the sandy texture (S20) to the sandy gravelly 

texture( S12). The gravelly soils (Sll, S10) are less commonly 

found inside the first ring probably because of the general use of 

specific anti-erosion devices in such area. However, the evolution 
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of the soil texture from sandy (520) to sandy gravelly (512) may 

result in a decline in total chemical fertility stock. Thus, the 

long term effect of the rural soil fertility management system are 

either nil or positive on chemical fertilitt qc as measured in the 

upper layer of the soil and may be negative on total chemical 

fertility stocks (Qc); qc and Qc are as previously defined at 

the beginning of Chapter 3. 

Implications of the Chemical Fertility Changes and of the 

System's Expansion Pattern. According to the spatial expansion 

pattern of the cultivation system discussed earlier, as the farming 

system grows, some intermediate ring fields become first ring 

fields and some fifth ring fields (mostly bush fields) become 

intermediate ring fields or first ring fields60 • The result is 

an increase in the farming system average intensity of cUltiva

tion at the point where bush fallow land becomes a limiting factor. 

If so, then given the results of the previous sections, the spatial 

evolution of the growing system is likely to result, Ceteris 

Paribus, in an improvement or at least a maintenance of the 

chemical fertility of the soil on upland and probably in a decline 

on lowland. The decline in the chemical fertility of the soil on 

lowland is likely to occur unless the current substitution 

60This expansion pattern is also supported by the history of 
settlement in the four zones discussed in Chapter 3. 
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of mineral fertilizers to fallow in the fifth ring continues within 

a reasonable range of utilization that does not lead to a severe loss 

of organic matter and to soil acidification. This fact will bear a 

greater importance in the future if the system continues its present 

expansion into lowland vertisoil areas. 6l 

As for total chemical fertility stocks, the expansion of the 

farming system may, Ceteris Paribus, result in their long-term declines 

on both upland and lowland soils. However, the soil sampling depth for 

the chemical and particles analysis was only 20 cm, so that the changes 

in total chemical fertility stocks mentioned earlier are only relevant 

for the A horizon. It was found during the soil survey that some of the 

fine particles lost to the top soil reappear in the lower layers. This 

is probably a result of migration caused by leaching, termite activities 

or simply by the soil restructurization effects of cultivation (mixing 

of adjacent layers). Furthermore, the move from sandy texture to gra

velly texture increases the proximity of the clayey layer to the surface 

in many places. With the limited amount of information gathered in this 

study, the complexity of the matter makes it safer not to draw any defi

nite conclusions regarding changes in total chemical fertility stocks. 

The next t~o sections are designed to refine and complete the con

clusion presented above by considering the age effects inside each man

agement ring and on each soil type as well as the physical fertility of 

each soil type. 

61 The proportion of total CUltivated area covered by lowland fields in
creases from the first ring to the last (e.g., Tables 11, 19). Low
land soils are also the most recently colonized soils (e.g., Table 18). 



Age Effects 

To capture the exact effect of the duration of cultivation 

on the soil fertility inside each management ring, the samples 

from each management ring and each soil type have been stratified 

by field age intervals62 as shown in Figure 19 below. 
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Ring 5 

q .. 5=Fertility in first age 
lJ interval on soil type j 

and inside ring 5 

Int. Ring 

Ring 1 

Figure 19. 

Q3j.=Fertility in third age 
1 group interval on soil 

type j in intermediate 
rings 

Stratification by Age Intervals and Rings for a Given 
Soil Type. 

The average of each fertility element lE tjr) is computed 

for each age interval (t), soil type (j) and ring (r). Changes 

across age intervals 0 = (b.Etjr/b.t) are computed. If 0 > 0 for 

all fertility elements (E) and age intervals (t), it is concluded 

that the chemical fertility trend inside the specific soil 

62The age invervals are defined as shown in previous Tables 18 and 
19. 



ring group is rising63 . If 0 is negative for some t or some E and 

positive for others,no clear trend exists in the group being 

consi dered. 

Clear and unambiguous trends of the chemical fertility 

measures have been obtained on gravelly soils (511) inside the 

intermediate rings and on sandy soils (520) inside the first ring 

(areas with ++ in Figure 18). No clear trend is obtained in the 

other groups where one may assume constant trends. The age 

analysis suggests that the cultivation system leads overtime to 

a continuous improvement in chemical fertility (dashed lines in 

Figure 19) only in those rings pointed out by the previous ring 

analysis as having a level of fertility significantly greater than 

the fertility of fallowed lands. Figure 20 summarizes the ring 

effects, age effects and soil effects discussed in this section 

and the previous section. 

The Physical Fertility of the 
Loca 1 Soil Types 

Bulk density occi1ates around 1.6 for all soil types. The 

water holding capacities measured in the laboratory on samples 

63Moving averages could be computed to do the same thing. This 
more restrictive procedure was chosen to improve the statistical 
significance because of the very small number of soil samples 
in each group. 
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Figure 20. Ring Effects and Age Effects on the Chemical Fertility 
(qc) of Local Soils. 

taken at various points inside the cultivation rings64 appear in 

Table 23. 

According to the laboratory results, there are obvious 

differences in moisture holding capacities, but there exists no 

obvious or significant difference in useful \'/ater among the 

deeper layers of the various soil types. Therefore, differences 

174 

64The sampling sites are the same as the pit sites shown in Figure 7. 



Table 23. Moisture Holding Capacities, 0;eful Water and 
Permeabilities of the Major Local Soilsa. 

Local Soil Type 

175 

____ S_2_o _________ S~1~1___ _ ___ S~6~0~ ______ S~4~0 __ _ 

Upland Low'land 

Sampling Depth (cm) 
5 40 5 25 5 35 5 40 

% Moisture 
PF 2.5 8.9 21.5 9.6 13.0 13.5 11.0 16.1 21.5 

% Moisture 
PF 3.0 6.9 

% Moisture 
PF 4.2 2.4 

Useful Water 
PF 4.2-PF 2.5 6.5 

Useful Water 
PF 4.2-PF 3.0 4.5 

Permeabi 1 i ty 
m/24 h 186 

(220) 

21.0 8.4 11.8 

14.7 8.2 6.2 

6.8 6.4 6.8 

6.3 5.2 5.6 

129 2,537 
(140) (1,890) 

591 
(305) 

12.7 9.8 15.3 21.0 

6.5 4.4 9.3 14.7 

7.0 6.6 6.8 6.8 

6.2 5.4 6.0 6.3 

169 
(175) 

o 
(0 ) 

26 129 
(37) (140) 

Notes: (a) Three samples in metalic rings or clods were taken at 
each sampling site. Figures shown ;n this table are 
the averages for all three samples. Except in the 
case of permeability, standard deviations between 
the three soil samples are very small and less than 
.5 in general. In the case of permeability, standard 
deviations are shown in parentheses. 

in the permeabilities of subsequent layers become the best 

indicators of field moisture holding capacities. The laboratory 

results suggest that under the region's rainfall conditions 



(57 days of rain over 230 days in the season and less, than 40 nm 

of rain per day in 1981), the lowland soils have better 

permeability gradients than the upland soils. Un both upland 

and lowland, the sandy soils (520, 560) have much better field 

moisture holding capacities than the other soils (i.e., the 

gravelly soils on upland and the vertisoils on lowland). The 

above co.nclusions are consistent with the farmers claims 

regarding this subject and mentioned earlier in Chapter 3. 

An analysis of the soil profiles shown earlier in Figure 9 

suggests that on upland, the sandy soil (520) is likely to 

maintain a relatively high field moisture holding capacity {FMHC) 

as long as the more compact layers underneath are not reached and 

destabilized by cUltivation tools. This is more likely to happen 

with animal traction equipment than with hand tools in absence 

of specific anti-erosion devices. The FMHC would then tend to 

decline as the top sandy soil is eroded and the deeper layers 

are destabilized. The farmers mention that FMHC is poor where the 

third layer is thick and destabilized, while it is relatively 

higher where the third layer is thin and immediately followed by 

the vertisoil layer, which is less permeable. Given the above 

remarks the long-term trend of the FMHC that would result from 

a long-term change of the soil characteristics in the manner 

suggested by the cultivation-induced soil type hypothesis would 

then be approximately as shown in Figure 21, a declining trend 

of the FMHC probably followed later by an uprising trend of the 

FMHC on upland. 
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Figure 21. Probable Trends of Field Moisture Holding Capacity (FMHQ) 
across the Local Soils. 

Synthesis 

The analytical and statistical results discussed above 

suggest the following: 

(a) Soil Fertility Levels 

Following the French ORSTOM scaling of tropical 

soils fertility (France, 1980 pp. 78-87), the 

chemical fertility of soils in the studied faming 



system is relatively low in the last rings on art 

soil types65 (i.e., on fallowed lands in Ring F and 

on the less intensively cultivated fields in Ring 5). 

The implication of the above being that the contem

porary natural chemical fertility of soils in the 

area is low. The soil1s chemical fertility remains 

low on the more intensively cultivated sandy soils 

in the intermediate rings. It rises to near average 

on the sandy gravelly and gravelly soils inside the 

intermediate rings and to average or above average 

levels in the first ring on all soil types as shown 

in Table 24. 

These results confirm the view that soil fertility is 

low in the region since only about 30 percent of the 

cultivated area has a fertility near average. This 

leaves a lot of room for soil fertility improvement 

to allow the existing local crop varieties to fully 

express their potentials. 

(b) Short- and Medium-Term Management Effects 

Soil fertility comparisons between the cultivated 

rings and the fallow ring suggest that over the 

short and medium terms the system operates in such 

65Within this category the lowland soils are naturally more 
fertile than the upland soils. 
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Table 24. Relative Position of the System's Chemical Soil Fertility on the ORSTOM Scale. 

Fertility Element 
Management 

Ring Carbon and Nitrogen Phosphorus Exchangeable C.E.C. 
(C & N) P205 Bases: S (T) 

Rings 5 & F 
(mostly bush fields) Low Deficient Low except on Low except on 

vertisoi1s vertisoi1s 
(S40) (S40) 

Intermediate Rings Low on upland sandy Deficient on Low on upland Low on upland 
2, 3, 4 (mostly soils. Near sandy soils. sandy soils. sandy soils. 
village fields) average on gravelly Not defi ci ent Average on Near average on 

and sandy soils. on gravelly & gravelly and gravelly and sandy 
sandy gravelly sandy gravelly gravelly soil s. 
soils. soils. 

Ring 1 Above average Not deficient Average and Average 
(Housefi el ds) above average 

Note: The evaluation criteria include the level of the fertility elements, the pH, the levels 
of carence and deficiency determined by ORSTOM (Organisme pour 1a Recherche Scientifique 
dans les Territories d'Outre Mer) for crops grown in the region (France, 1980, pp. 78-87). 

....... 
'-J 
\D 



a way that for any given soil type, the chemical 

fertility of the soil in general increases with 

the intensity of cultivation from the fifth ring 

to the first ring or remains constant~ 

(c) Overall Short- and Medium-Term Cultivation and 

Management Effects 

The age effects in addition to soil fertility 

comparisons between the cultivated rings and the 

fallow ring suggest that over the short and medium 

terms, soil fertility management, as carried out 

within the cultivation system by the current 

generation of farmers in the studied area leads 

to: (1) Maintenance and improvement of the chemical 

fertility of the soil on upland; (2) A decline in 

the chemical fertility of the soil on lowland 

resulting from a loss of organic matter in the top 

soils (horizon A), which may be compensated by an 
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increase in the soi1's assimilable P205 content, 

especially on fertilized fields. However, the vast 

majority of tha fields on lowland are not presently 

fertilized, so that one may adopt the conclusion of a net 

decline in the chemical fertility of the soil on 10w1and66 . 

66The soil sample size for lowland soils is actually too small to 
permit. a more specific conclusion. 



Lowland fields make up 31.5 percent of the total 

cUltivated area in the studied sample and are mostly 

found in the fifth ring (see Table 18). As such 

they are the objects of a recent trend by the farmers 

to substitute mineral fertilizers to fallow. If such 

a trend continues into the future this will imply a 

continuous loss of organic matter and an increase in 

nitrogen and phosphorous brought by the mineral 

fertilizers. This will reverse the current declining 

trend in chemical fertility to the point where the 

organic matter content becomes a limiting factor. 

Points (a). {b} and {c} may be illustrated as shown in 

Figure 22. 

{d} Long-Term Cultivation and Management Effects 

Over the longer term, the soil tillage effect of 

cultivation and the loss of top soil under cultivation 

may progressively change the soil texture from sandy 

to sandy gravelly or to gravelly. If this occurs, 

the resulting effect in the study area would be a 

downward pressure on soil fertility caused mostly 

by a drop in field moisture holding capacity in the 

early stages of alteration. Such a downward trend 

is likely to be reversed as the proximity of the 
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Figure 22. Summary of Short and Medium Term Effects of Cultivation 
and Management on a Given Soil Type. 

clayey vertisoil base to the surface increases. 

The analytical laboratory results and statistical 

inferences suggest that no significant decline in 

chemical fertility would result from such a 

phenomenon. 

It is above all important to emphasize, once again, that 

all the above results apply uniquely to the upper layer of the soils 

(i.e., the upper 20 to 30 centimeters), and that the tenn "chemical 

fertility" refers only to the chemical fertility of the soil as 

measured in laboratory on the fine fraction of the soil. 



CHAPTER 5 

SOIL FERTILITY MANAGEMENT 
AND RESOURCE PRODUCTIVITIES 

Objectives and Methodology 

The purpose of this chapter is to measure resource 

productivities under various sets of the management practices 

defined in Chapter 3. The statistical results are used to 

test some of the productivity related hypotheses advanced by the 

farmers and previously discussed in the last section of Chapter 3. 

The statistical results are also used to determine how the 

productivity of various resources, especially the productivity 

of land resources, changes as the average intensity of land 

use increases. 

Let M = Pl , P2, P3 ..• , Pj be the set of j elementary 

management practices found in the village. Let Ml , M2, M3···, Mk 

be k subsets of such management practices, each with a different 

average intensity of land use "R" or a different intensity of 

cultivation I. The k subsets may be disjoint like the five 

management rings defined in Chapter 3. Some of them may be 

joint subsets with nonempty intersections, that is some 

management practices may be common to two different subsets 
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Mi and M~ Let the set of all management practices M be included in 

the analysis. Finally, let the set M and five subsets MI , M2, 

••• MS be ranked from the one with the lowest average inten

sity of cultivation (II) to the one with the highest average intensity 

of cultivation (15), e.g., M1, M2, M, M3, M4, M5, with respectively 

II < 12 < I < 13 < 14 < 15. 

With some knowledge of total costs and total revenues under 

each management practice, one may proceed to measure changes in the 

productivity of the cropping system as the intensity of 

land use or the intensity of cultivation increases, and different sets 

of soil-crop management practices are used. By applying a 

production function analysis to the cross-section data, one may obtain 

some estimates of the productivities of the major factors 

of production in each Mk . Such factors include land and labor under 

each set of management practices. The analysis thereby enables one 

to understand how the productivities of the major factors 

of production change with land use intensification. 

Let fj be the production function under the jth management 

practice, let F be the hybrid production function under 

the set M of all management practices and let Fk be the hybrid pro

duction function under the kth set of management practices, Mk. 

Theoretically, the production functions should change from one 

management practice to the other and from one set of management 



practices to the other. This is so because of changes in crop 

sequences or rotations and mostly because of changes in the 

crop mix at any given point in time. Therefore, the productivity 

of a given quantity X2 of a resource X2, say land for instance, 

is expected to change when used under different sets of soil 

crop management practices, i.e., Fl (Xl' XI}1 F2 (Xl' XI) where 

XI = (X2, X3 ••• Xn). 

With land, labor, capital, soil type, field age and other 

management variables included in the production function, this 

chapter is designed to estimate the effect of field age on yields 

under various sets of management practices, and also in maize, 

red sorghum and millet/white sorghum fields. The productivity of 

the land resource under various sets of management practices is 

also estimated. Such an estimate is used as an economic estimate 

of soil productivity and is compared from one set of management 

practices to the other to determine whether or not an increase in 

the average intensity of land use is likely to result in a decline 

in soil productivity. The effect of the local soil types on 

yields is also estimated with dummy variables to determine if an 

increase in the proportion of gravel in the soi1 1 s upper layer, 

as suggested by the cultivation induced soil-type hypothesis 

discussed in Chapter 4, is likely to have any significant effect 

on resource productivity, and if so, what affect it might have • 

. The productivity of hand-tool labor and of animal-traction labor 
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in various cropping tasks such as seedbed preparation, weeding and 

late ridging is also estimated along with the effects on yields 

of crop management variables such as t~e timings of planting and 

weedi ng. 

The Studied Management Systems, 
Crop Associations and Their Technical Characteristics 

The Management Systems 

The studied sets of management practices have been 

selected as six of the several possible combinations of the 

management rings defined in Chapter 3. This was done in order to 

simulate the village cropping system at six different stages of 

land use intensification. Each management system has been selected 

so as to include at least two major food items in the crop mix a~d 

to allow for sufficient degrees of freedom for the statistical 

analysis. The selected management systems are as shown in Table 

25. 

The average intensity of land use is computed as a weighted 

version of Joosten's characteristic "R" which was defined earlier 

in the first section of Chapter 4. In this case it is computed 

as follows for each subsystem; R; = EAiCi/(IAiCi + EAiFi) for 

i = 1, 2, ... , n. Ai is the area of field #i measured in 

hectares, Ci is the number of years of cultivation of Field #i 

since the last lengthy fallow, and F; is the nubmer of years of 

fallow since the beginning of the last lengthy fallow. 

186 



187 

Table 25. The Studied Management Systems 

Average Intensity Number of 
Management Included of Land Use Observations 

System Rings "R" Ranking or Fields 

M1 Ring 5 30 Low 61 

M2 Rings 4 and 5 45 Medium-Low 85 

M3 All Rings 50 Medium 185 

M4 Rings 2, 3 and 4 80 Medium-High 81 

M5 Rings 2 and 3 94 High 57 

M6 Ring 1 96 High 43 

Following the definitions in Chapter 4, the "intensity of land use" and 

the intensity of cu1tivation" simi1arily increase from M1 to M6. Ring 5 

or M1 corresponds to a marginally shifting cultivation system. M2, M3 

and M4 correspond to various stages of semi-permanent cultivation 

systems (Terra, 1958; Nye and Greenland, 1961). M5 and M6 correspond 

in Ruthenberg's terminology to permanent cultivation systems 

(Ruthenberg, 1971, p. 4). 

Farming systems in the study region have evolved and are still 

evolving from shifting cultivation systems to permanent cUltivation 

systems. The entire village cropping system under study in its 

current evolutionary stage M3 is a semi-permanent cUltivation which is 

gradually shifting toward a permanent mode of cultivation (M5 or M6). 

However, the hybrid nature of the present cultivation system may 



allow an understanding of both its static and dynamic aspects when 

the analysis is carried out with respect to some of its 

evolutionary components (Ml to M6) in the same way the biologist 

or the geologist studies natural history with cross-section 

analyses of vegetal tissues or geological formations. 

The major technical characteristics of the defined 

management systems are shown in Tables 26 and 27. In terms of the 

percentages of the total cultivated area occupied by each crop, 

maize and red sorghum are the major crops when the intensity of 

land use exceeds 50. Millet and white sorghum are the major crops 

when the intensity of land use is at or below 50. The total amount 

of food grains produced per hectare increases with the intensity 

of land use. It increases from four hundred kilograms of grains 

per hectare in Ml to two tons of grain per hectare in M6. There

fore, an increase in the intensity of land use by 10 units results 

on the average in a 230 kilogram increase in grain yield per 

hectare cultivated. Such an increase occurs as a result of changes 

in soil-crop management practices as well as a result of changes in 

the amount of each input used. 

As shown by Table 27, the average size of fields is 

inversely related to the average intensity of cultivation, and the 

average amount of oth~r inputs employed per hectare in general, 

increases with the average intensity of cultivation. Therefore, 

a proper evaluation of changes in the cropping system's 
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Table 26. Crop-Mix Characteristics of the Studied Management 
Systems. 

Crop-Mix Area Distribution (Percentages)a 

Management System M1 M2 M3 M4 M5 M5 
(Intensity of Land Use) (30) (45) (50) (80) (9~) (96) 

Maize/Sauce Plants a a 2.4 a a 93 
Red Sorghum/Cowpea a 10 28 70 97 7 
Red Sorghum/Millet, 

Cowpea a 8 5 13 a 0 

Millet/White Sorghum/ 
Cowpea 75 60 45 14 a a 

White Sorghum/Mi11et/ 
Cowpea 21 17 13 a a a 

Groundnuts 2 3 2.5 3 3 a 
Earth Peas 2 3 1.3 0 0 a 
All Crops 100 100 100 100 100 100 

------- - - - -
- Crop-Mix Grain Yield Distribution per Hectare (ki1ograms)b - - -

Maize a a 46 a 2 1,775 
Red Sorghum 25 142 446 1,170 1,457 243 
Whi te Sorghum 91 81 60 14 a a 
Millet 213 206 156 75 8 a 
Cowpea 34 33 32 31 31 1 

Groundnuts 11 13 12 10 13 a 
Earth peas 9 10 6 a a a 
Rice 5 4 3 1 1 a 
Total Amount of Food 
Grain per hectare (kg) 388 489 761 1,301 1,512 2,091 

aTnis table shows the percentage of cultivated area found under each 
major crop association per management system. 

bThis table shows the amount of each crop in kilograms in the total 
food grain yield per hectare for each management system. 
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Table 27. Technical Characteristics of the Management Systems and 
Their Coefficients of Variation 

Management System M1 M2 M3 M4 M5 M6 
Intensity of Land Use "R" 30 45 50 80 94 96 

Field Area (hectares) .82 .726 .447 .375 • 331 .050 
(122 ) (124) (153) " (100) (100) (90) 

Organic Fertilizers in kg/ha 0 35 487 702 1,013 8,902 
(0) (788) (266) (230) (202) (180 ) 

Mineral Fertilizers in kg/ha 4.9 5.9 7.0 10.1 10.1 8.4 
(303) (260) (283) (200 ) (248) (283) 

Years of Fertilizer Application over 6 yrs .67 1.01 2.7 3.1 3.6 5.0 
(172) (150) (100) (84) (72) (40 ) 

Years of Fallow in the Past 25 Yrs 13.0 10.5 6.1 3.2 2.5 2.5 
(142 ) (150 ) (200) ( 188) (250) (200) 

Years of Groundnut Planting over 6 yrs .36 .42 .24 .30 .20 0 
(154) (138) (192) (165) (220) (0) 

Hand Tool Labor (hours/ha} 
Fleld Clearing and Burning 43 44 43 44 42 39 

\ (257) (244) (290) (112 ) ( 114) (180 ) 
Seedbed Preparation and Planting 101 110 118 141 137 171 

(14"1 ) (130 ) (162) (126) (149 ) (B8) 
Weeding 112 126 145 191 191 300 

( 113) (108) (165 ) (180) (225) (119) 

Late Ridging 32 32 28 23 25 15 
(152 ) (170) (300 ) (290) (275 ) (460) 

A.T. Labor (hours/hal 
Seedbed Preparation 45 44 47 49 54 56 

(265) (270) (300) (172) (153) ( 163) 
Weeding 45 35 58 81 85 14 

(210 ) (202) (223) (168) (171) (373) 
Late Ridging 27 30 34 47 43 4 

(150 ) (143) ( 167) (127) (120) (500 ) 

A.T. EguiEment (hours/hal 
Seedbed Preparation 17 17 19 21 22 24 

(200 ) (200) (217) (150) (110) (184) 
Weeding 20 22 23 35 38 5 

(200 ) (200) (190 ) (138) (130 ) (384) 
Late Ridging 10 12 1.5 26 23 3 

(138) ( 131) (135 ) (134 ) (940) (445) 

Seeds 
14.72 23.4 26.6 22.0 mITlograms/ha 9.02 10.84 

(200) (182 ) (364) (382) (450) (80) 

In CFA francs/ha 598 629 1,157 2,059 2,600 2,115 
( 167) (158) (490) ( 1,045) (684) (741) 

Yield per Hectare 
Kg of grain/hi! 388 4R9 761 1.~01 1,512 2.109 

(89) (931 ) (100) (l08) (113) (132 ) 
Francs/ha 24,025 27,635 39,595 54,237 60,483 200,617 

(82) (82) (102) (102) ( 120) (133 : 

Note: Figures in parentheses are the coefficients of variation. 
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productivity (from Table 27), as the intensity of land use increases, 

requires some knowledge of factor prices. Nevertheless, as 

previously mentioned in Chapter 3, there exists no market for 

land in the study region. There exists no visible landless social 

class,and off farm jobs are generally considered to be more 

remunerative than on farm jobs. Consequently, there exists no 

competitive labor market in rural areas. Labor is often 

exchanged as a form of social premium; thus, the ceremonial 

wage received by a laborer is generally affected by the nature of 

the social obligation between the laborer and the farmer. 

Therefore, the visible wage varies greatly from one farm to the 

other and from one laborer to the other. Assuming that farmers 

in the village sample allocate resources in an efficient manner, 

the estimates of marginal value products from the production 

functions analysis could be used as close approximations of the 

marginal factor costs needed to undertake a productivity analysis. 

Major Crop Associations 

As previously mentioned in Chapter 3, there exists 

practically no field in the village sample where a cereal crop 

is planted alone without an intercrop. The production function 

analysis has also been carried out separately for each of the 

three major crop associations found in the village fields. This 

was done in order to access changes in resource productivities 
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from one major crop association to the other. The major crop 

associations studied are: 

(1) maize/sauce plants (39 fields) 

(2) red sorghum/cowpea (73 fields) 

(3) millet/white sorghum/cowpea (61 fields) 

The production function analysis ,has also been carried out on a 

pool of all the above cereal fields. The technical characteristics 

of these major crop associations together with the major technical 

characteristics of pure groundnuts fields (9 observations) are 

presented in Table 28. 

The Production Function Analysis 

Identification 

As pointed out by two of the most famous pioneers in 

agricultural production functions analysis (Heady and Dillon, 1961, 

p. 225), the use of estimated production functions to evaluate 

resource allocations is fraught with problems, and the conditions 

under which error-free statistical inferences can be made are 

extremely severe. Nevertheless, estimates of production functions 

have proved to be of considerable value in the past in understanding 

and managing production systems. Similarly it is with such an 

optimistic belief that they are used in this study with a clear 

understanding of their limitations. 
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Table 28. Technical Budgets of Major Crop Associ at ions 
and Coefficients of Variation. 

Maize/ Red Sorghum/ Mi 11et/ Groundnuts 
Crop Sauce Cowpea Whi te 

Plants Sorghum/ 
Cowpea 

Field Area (hectares) .051 .344 .864 .179 
(100) (100 ) (115) (106 ) 

Organic Fertilizers in 8,887 897 0 0 
kg/ha (180) (209) (0 ) (0) 
Mineral Fertilizers 7.0 10.6 5.1 10.0 
in k~/ha (300) (270) (300 ) (175) 
Hand Tool Labor (hrs/ha) 
Field Clearing & Burning ?6 45 41 31 

(100) (120) (250) (168) 
Seedbed Preparation 157 150 102 94 
and Planting (87) ( 137) (131 ) (118) 
Weeding 266 205 106 283 

(123) (190 ) ( 114) (136 ) 
Late Ridging 14 23 31 0 

(500) (275) ( 152) (0) 
A.T. Labor in hours/ha 
Seedbed Preparation 58 53 43 36 

(157 ) (178) (262) (150) 
Weeding 10 90 48 2 

(480) (168 ) (188) (300) 
Late Ri dgi ng 0 45 31 0 

(0) (120 ) (130) (0) 

Activit~ Timing Ida~s) 
Date of Plantlng 49 20 29 42 
beginning May 1, 1981 (28) (70) (72) (40) 
Date of First Weeding- 18 26 35 37 
Date of Planting (72) (177 ) (S7) (S4 ) 
Date of Late Ridging- 66 72 
Date of Planting (45) (41 ) 
Harvest Labor in hrs/ha 126 196 107 

(76) (148) (120) 
Seeds in kg/ha 21.4 11.6 8.S 60 

(80) (100) (184) (240) 
Yields in kg/ha 1,560 1,504 384 390 

(78) (105 ) (82) (l1S) 
Yields in francs/ha 165,968 63,129 23,000 52,S21 

(79) (lOS) (80) (l1S) 



The Ordinary Least Squares (OLS) estimator has been used to 

approximate the production functions. The main problem generally 

encountered in estimating production functions with OLS and cross

section data is an under-identification problem. Since the levels 

of employment of inputs observed and used in approximating the 

technological relationship are dependent upon exogenous relative 

prices which are not variable across firms in a competitive 

equilibrium situation, efforts to estimate the production function 

under these conditions mostly aim at identifying a single point on 

each isoquant rather than the entire set of isoquants67 . 

In the case of the predominantly subistence farming 

system under study, most relative marginal factor costs are 

endogeneous1y determined on each farm and vary across fields, 

crops and farms. This situation inc~eases the number of 

identifiable points on the isoquants, but it enhances the depen

dency of the observed input levels on behavioral factors and 

thereby the correlation between the explanatory variables and the 

error term of an OLS single-equation estimation of the production 

function. This would lead to biased and inconsistent OLS estimates 

of the technological parameters. The appropriate subsistence 

farmer production function could be estimated with a set of 

simultaneous equations (production function and input demand 

67This problem is known in the literature as the Marschack
Andrew problem (Desai, 1976, p. 113). 
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functions) using, for instance, grain stocks, household 

subsistence grain consumptions, wealth, distance to the field 

and other exogenous variables as instruments68 . 

However, the entire matter can be dismissed if one accepts 

the view that in the case of agriculture, in general, input 

demand by commercial and subsistence farmers depends mostly on 

anticipated output rather than on the actual output used in 

estimating the production function. The application of OLS in such 

a case becomes appropriate since the assumption implies no or 

little transmission of errors between the technological function 

and the behavioral functions. 

Specification 

The general implicit form of the estimated production 

functions is as follows: 

F(Y,A,CM,MN,ATN,SFM,S,C) 

where Y stands for total output, A for field area, CM for crop 

management factors, MN for manual or hand tool labor, ATN for 

animal traction labor, SFM for soil fertility management factors, 

S for soil type and C for crop mix. Further details about each 

variable are presented on the following page: 

68Such an exercise has been prevented by time and financial 
constraints. 
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A - Dependent and Explanatory Variables 

Output, Y. It is measured in kilograms of the food grain har

vested in each field (Yg). It is also measured in the December rural 

market retai 1 value of the crop (Y v) because of the composite nature of 

the output from most fields. December retail prices are used because 

all crops are harvested by December, and it is the time when 

most prices are found at their lowest ebbs. during the year. The 

December minimum prices are expected to reflect better the farmers' 

relative minimum valuations of their crops than any other prices. 

This holds true because the post-harvest period from November to 

January is the time when farmers are most actively engaged in the 

rural market operations, selling their marketable surplus to both 

traders and consumers69. 

Field Area, A. It is measured in hectares and it was 

introduced inside the production function mainly for the purpose 

of estimating the productivity of land under different sets of soil 

fertility management practices. 

Crop Management Factors, CM. Because of the seasonal and 

rain-fed nature of the region's agriculture, the timing of the 

69The prices were cbtained by purchasing crops on a weekly 
basis from neighboring rural markets and by weighing the crop 
purchased to derive the exact price per kilogram. Farm gate 
prices were not used because they varied from farm to farm and 
were also affected by social and financial obligations between 
the farmer and the buyer. They were less precise because they 
were based partly on farmers' recalls. Wholesale prices at 
which traders purchased the crops from farmers in the rural 
markets could not be used because the traders would not allow 
the enumerators to check their units of measurement. 



various cropping activities constitutes the overall most important 

component of crop management. Late weeding, for instance, is known 

to be a major cause of crop failure in the region. The crop 

management factors introduced in the estimated equations are: 

CM1: The date of planting, measured in days as the 

time lag between the first seasonal rains 

(May 1, 1981) and the average date of the 

plantings. 

CM2: The time lag between the average date of the 

plantings and the date of the first weeding 

measured in days. 

Labor Factors, MN and ATN. Labor factors are subdivided 

into hand-tool labor factors (MN) and animal traction labor factors 

(ATN). Such factors are evaluated in hours of labor spent on each 

major cropping activity70 Hours spent on individual tasks are 

grouped so as to avoid as much as possible the appearance in the 

production function of explanatory variables which are more or 

less perfect substitutes or compliments of each other. The 

labor factors used as explanatory variables are as follows: 

MN,: Hand tool labor for seedbed preparation and 

planting. 

70Labor was aggregated as the simple sum of hours of work by 
laborers of all sexes and ages. See details and justification 
in Appendix B. 
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MN2: Hand tool labor for weedings (first, second 

and third weedings). 

MN3: Hand tool labor for late ridging. 

ATN1: Animal traction labor for seedbed preparation. 

ATN2: Animal tracti on labor for weedings. 

ATN3: Animal traction labor for late ridging. 

Although labor data is available for harvesting, it has not 

been used as an explanatory variable, because it does not explain 

output. From statistical and agronomic standpoints, harvest labor 

is not an independent variable with respect to output unless one 

is dealing w'ith a pure harvest economy. In the present case the 

direction of causation is output that acts as the determinant of 

harvest labor, not the reverse case71 . 

71Delgado (1979, p. 198) following Collinsort (1972, pp. 219-223) 
used harvesting and processing labor as an explanatory variable 
for output. This approach assumes that valuable products might 
be left on the field after harvest. This is inconceivable in 
the study area given the relatively efficient manner in which 
crops are harvested and the scarcity of food grains in the region. 
The harvesting technique in the study area consists of cutting 
every stem at its base and cutting off the head that contains 
the grains. The heads are sorted in the compound and stored 
in the granaries. Processing is done only shortly before 
consumption or sale. 
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Soil-Fertility Management Factors. SFM. These include the 

major management factors which in one way or another determine soil 

fertility. They are the following: 

SFM1: The quantity of organic fertilizers measured 

in kilograms that was applied in 1981. The 

quality is mixed and includes both animal and 

vegetative manures. 
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SFM2: The quantity of mineral fertilizer applied 

during the 1981 crop season. The quality is 

homogenous (cotton complex) and the quantity 

is measured in kilograms. 

SFM3: The absolute frequency of fertilizer application 

during the 1976-1981 period measured as the number 

of years any type of fertilizer was applied 

during that period. 

SFM4: The age of the fields measured as the number of 

years of cultivation since the last six-year 

minimum fallow. 

SFMS: The absolute frequency of groundnuts planting 

in the past years. measured in the number of years 

groundnut was planted in the five years (1976-1980) 

preceeding the 1981 crop season. 



SFM6: The cereal-legume crop density ratio. measured 

as the total number of legume plants per hectare 

over the total number of cereal plants per 

hectare. multiplied by 100. 

Soil Type Factors, S. These are the local soil types intro

duced in the regression equation as dummy variables. The upland 

sandy soi) (S20) which is the most widely spread soil type across 

all management rings is used as the reference soil type. The dummy 

variables are as follows: 

SO= Upland sandy soil (S20) 

S1= Upland rocky soil (SlO) 

S = Upland gravelly soil (S11) 2 

S3= Upland sandy-gravelly soil (512) 

5 = Lowland clayey vertisoil (S40) 4 

55= Lowland sandy soil (S60) 

56= Leached sandy soil (521) 

Crop Mix Factors, C. These are the major crops found in 

the field. Each crop is introduced as a dummy variable except 

cowpea which is found in almost every cereal field. The dummy 

variables are as follows: 
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C1= Maize 

C -2- Red sorghum 

C -3- White sorghum 

C = 4 1·1i llet 

C = 5 Groundnuts 

C = 6 Earth peas 

Statistical Models 

The Cobb-Douglas and the linear functional forms have 

been retained in specifying the production functions. These 

simple functi ona1 forms were preferred to more compl i cated 

functional forms such as the trans10g function because of (1) the 

relatively large amount of explanatory variables whose parameter 

estimates are being sought, and (2) the relatively small size of 

the samples being used for each management system. The Cobb

Douglas production function is theoretically less rigid than the 

linear function. However, because of a relatively small range of 

variability in the dependent and explanatory variables, only one 

small portion of the actual production function is actually being 

estimated. As a result, the linear approximation may be as good 

as any other functional approximation. For handling zero 

observations the linear approximation is also more suitable than 

the Cobb-Douglas approximation. The estimated statistical models 

are as follows: 
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Statistical Models of Production Functions for the Management 

Systems. The generalized form of the statistical models is: 

g(y) = Ct + o 

3 5 6 6 
+ ~ Q".g(ATN.) + ~ ¢1. g(SFM,') + ~ A'S, + ~ a.I·C,. + u 

.1 1 1 1 1 1 1 1 

Models 1. Linear Models: 

Model 1.1: Y = Yg; g(y) = Yg; g(X) = x; X = A, ""C, 

Model 1.2: Y = Yv; g(Y) = Yv; g(X) = X; X = A, ... ,C. 

Models 2. Cobb-Douglas Models (with Log-linear transformation). 

Model 2.1: Y = Yg; g(Y) = lnYg; g(X) = lnX, X=A, ... , C. 

Model 2.2: Y =Y v; g(Y) = lnYv g(X) = lnX, X=A, ..• ,C. 

X stands for explanatory variable, Yg is output measured 

in kilograms of food grain produced in the field. Yv is output 

measured in CFA francs as the local market value of the field's 

output in 1981. The explanatory variables are as defined in the 

previous paragraphs, the Greek letters indicate the parameters and 

u stands for the error term 



Statistical Models of Production Functions for the Major 

Crop Associations. The generalized form of the statistical models 

is as follows: 

233 
Y = ao + alg(A) + ~ Sig(CM i ) + ~Yig(MNi) + ~ 0ig(ATN i ) 

5 5 
+ ~¢.g(SFM.) + ~ A'S, + ~ ~.R. + u. 

1 1 111111 

Models 3: Linear Models: 

Model 3.1: Y = Yg; g(Y) = Yg; g(X) = X, X = A, ... , R. 

Mode 1 3.2: Y = Y v; g (Y) = Y v; 9 (X) = X, X = A, ... , R. 

Models 4: Cobb-Douglas Models (with log-linear transformation) 

Model 4.1: Y = Yg; g(Y) = ln Yg; g(X) = lnX, X = A, .. , R. 

Model 4.2: Y = Yv; g(Y) = lnYv; g(X) = lnX, X = A, .. , R. 

These models differ from the management systems' statistical 

models by the fact that the dummy variables representing the crop

mix (Ci ) are replaced by dummy variables (Ri ) which indicate the 

management ring to which the field belongs. The purpose of the 

substitution is to estimate the effect of the management rings 

on the yield of each major crop. The effect of the cereal-cowpea 

203 



density ratio (SFM6) is also analyzed in these models only because 

they are more meaningful in these models than in the former. Other 

variables remain as defined in the previous paragraphs. 72 

Estimation Problems 
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The application of OLS and of classical tests of significance 

to the above models requires that at least some basic statistical 

assumptions be satisfied. The most important of such assumptions 

is that the unexplanined portions of output and yields be 

normally and independently distributed with a zero mean and finite 

variance. 

Besides the errors in the measurement of output, the type of 

omitted variables that are expected to influence the 

residual output are the following: spatial microvariations in rain

fall from one field to another, pests and crop diseases, crop damages 

by birds and animals, genetical load, other differences in 

managerial skill from one farmer's field to another farmer's field 

due to factors such as education, awareness, wealth, social status, 

experience in using animal traction equipment, and in detecting symptoms 

of crop diseases; spatial microvariations in omitted soil 

fertility factors, such as the mineral content of the soil, drainage 

721n the case of the Cobb-Douglas models, the logarithm of all zero 
observations is set equal to zero. Consequently, explanatory 
variables (X) which have many of their observed values equal to 
one have been transformed to X' = eX where e = 2.72, so as to 
enable the statistical analysis to pick up the effects of the non
zero observations ,which values are equal to one. 
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and microorganisms activities, etc. Many of such factors are 

expected to influence output and yields in one direction or another 

except for factors such as crop diseases and crop damages. However, 

these two factors are less likely to occur in fields under high 

managerial skills. Therefore, it is not inconceivable to 

assume that in the end the central tendency of the error term is 

likely to be zero. This should normally be the case with the 

presence of constant terms in the estimated equations. 

The variances of the disturbances caused by some of the 

excluded variables on output are likely to depend on some of the 

included variables. The variances of the disturbances caused 

by excluded variables whose relative importance and influence on 

output increase with land area, are likely to increase with the 

size of the field. Such excluded variables are, for instance, 

the microvariations in rainfall, incidences of crop diseases and 

crop damages, microvariations in natural soil fertility and 

errors in the measurement of total field output. Similarily, the 

variance of the disturbances caused by possible differences in 

managerial skills and in labor productivity are likely to 

increase with the total amount of labor employed in the field. 

The parameter estimates from the equation, whose error term is 

subjected to the resulting heterscedastic scheme, will be 

inefficient but will remain statistically unbiased (Koutsoyannis, 

1973, p. 178). 



A large degree of correlation between the included variables 

and the omitted variables and relatively large influences of the 

omitted variables on outputs are likely to introduce specification 

bias in the parameters estimates and lead to innacurate 

statistical inferences (Johnston, 1972, p. 169). This is one 

major justifacat;on for the relatively large numbers of explanatory 

variables used in the estimated equations.' Excluded variables such 

as education, age and experience, for instance, are expected to be 

largely correlated with the included crop management and soil 

fertility management factors. The incidence of Striga (a parasite 

weed) ;s also expected to affect yields highly and to increase the 

amount of weeding labor, the amount of fertilizers applied and 

the frequency of fallow. In any case the influences of the omitted 

. variables on outputs are expected to be by far less than those 

of the included variables if not negligible. 

There is no strong a priori reason to expect an auto

correlation of the output residuals from one field to another. 

Nonetheless, the fact that most of the data was obtained through 

interviews with farmers makes it highly possible that the 

inevitable measurement errors in the explanatory variables might 

lead to inconsistent estimates of the regression coefficients 

(Johnston, 1972, p. 282). The relatively small degrees of freedom 

in the estimated equations and the interdependency of some 

explanatory variables may diminish the precision of the estimates. 
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However, the simple correlation coefficients between the selected 

explanatory variables were, in general, much less than .50. Fields 

under handtool technology and fields under animal traction technology 

are likely to be on two different production functions. Still, the 

relatively small number of handtool fields (less than thirty) and 

the relatively large number of explanatory variables (twenty to 

twenty-five) prevented the estimation of separate production 

functions for the two types of technology. 'The estimated production 

functions are actually hyarid production functions that describe 

some hyperplanes crossing over the true production functions. 

Because of the relatively small range of variations of the 

dependent and explanatory variables within each management class 

and within the village sample fields in general, at least one of 

the retained functions {the linear function and the Cobb-Douglas 

function} is expected to provide a close approximation of the true 

functional relationship. Therefore, ti1e adverse effects of any 

misspecification of the functional relationship on the residuals 

and on the parameters estimates are likely to be small. The small 

range of variation observed in the values taken by some explanatory 

variables, such as the timing of cropping activities and the 

quantities of mineral fertilizers applied, is likely to be 

detrimental to the utility of the parameters estimates in ex-post 

prescriptive analyses. Nevertheless, the parameters estimates 

remain useful at least for comparative analyses as long as the 

sub-samples being compared are similarly affected by the same 

estimation problems. 



Analysis of the Regression Results 

The regression results obtained for the defined management 

systems and crop associ ati ons are shown in Tab 1 e s 29 t h ro ugh 

36. The regression estimates are obtained for output measured 

in francs on one hand and for output measured in kilograms of food 

grain on the other hand. The adjusted R2 was in general above .60, 

and the F-test of goodness of fit of the regression equations was 

in general highly significant at .00 for both the linear and the 

Cobb-Douglas specifications. In general, the degrees of freedom 

were above 35 observations. 

The linear equations fitted the data as well as the Cobb

Douglas equations, and did so even better than the Cobb-Douglas 

equations in some cases. However, the emphasis ;s placed on the 

Cobb-Douglas estimates in the following discussion simply because 

the Cobb-Douglas production function is theoretically more flexible 

and more consistent with neoclassical production theory than the 

linear production function. The major theoretical reason for pre

ferring the Cobb-Douglas production function is because it 

assumes that the productivity of a given factor of production 

depends on the amounts of all the factors used. In contrast, the 

linear production function lacks such a realistic underlying 

assumption. Nevertheless, the parameter estimates of the linear 

function are presented in the appendix. They are not ignored in 

the discussion to follow because they provide more credible 

productivity estimates in some cases than the Cobb-Douglas 
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Table 29. Cobb-Douglas Production Function Estimates for the 
Management Systems. Dependent Variable=Value of 
Output in CFA Francs. Model 2.2. 

Management Ststems 
Ml M2 M3 M4 M5 M6 

R2 .786 .728 .587 .708 .809 .668 

~ .633 .606 .519 .583 .711 .367 

F 5.1 6.0 8.64 5.7 8.3 2.2 

Degrees of Freedom 37 59 158 57 37 22 

Land (hectares) .255** .084 .342*** .357** .547*** .409* 
(2.08) ( .57) (3.99 ) (2.13) (4.77) (1. 72) 

Age (years) .150+ -.114 -.172* -.409* .044 .008 
(1.46) (-.90) (-1.89 ) (-1.89 ) ( .08) ( .03) 

Organic Fertilizers (kg) .197* .10*** .095* .043 .144 
( 1.67) (2.72) (1. 76) (1.13) (1.09 ) 

Mi nera 1 Ferti 1 i zers (kg) -.168* .089 .039 -.037 - .001 .108 
(-1.77) ( .92) (.69 ) (-.44) (-.02) (.33) 

Frequency of Fertilizer Application .205 - .141 .155 -.034 .104 -.06 
(years) (1.12) (-.80) (.18) (-.23) (1.04) (-.23) 

Frequency of Groundnut Planting (years) .655*** .423+ .266+ .276 .067 
(2.76 ) (1.60 ) (1.40 ) ( .96) (.33) 

Date of Planting (days) .123 .70*** .427*** .450*** -.075 .002 
(.81) (4.81) (5.50) (3.55) (-.067) (.01 ) 

Time Lag Planting - First Weeding .070 .593*** .270*** 
, 

.235* -.050 -.53 
(days) (.55) (4.78) (3.56) (1.89) (-.57) (-1.26) 

Hand-Tool Labor for Seedbed Preparation -.044 - .166 -.082 .148 .144+ -.191 
and Planting (hrs) (-.39) (-1.14) (-1.03) (.95 ) (1. 34) (- .87) 

A.T. Labor for Seedbed Preparation .184** .046 -.058 -.160+ .039 .091 
(hrs) (2.06) (.42 ) (-.87) (-1.45) ( .45) (.30) 

Hand Tool Labor for Weeding (hrs) .103 .308** .247*** .261*** .064 .224 
(1. 20) (3.30) (4.23) (2.67 ) (.85) (.76 ) 

A. T. Labor for Weeding (hrs) -.038 .133* .071 .035 .074 -.510 
(.56 ) (1.65) (1.11) (.28) (.82) (-.91) 

Hand Tool Labor for Late Ridging .071 .248*** .116** .099 -.009 .134 
(hrs) (1.07) (3.22) (2.10) ( .99) (-.12) (.38) 
A. T. Labor for Late Ridging .024 .152+ .126* .171 - .030 -2.02* 
(hrs) (.31) (1.47) (1.66 ) (1.0) (-.22) (-1. 82) 
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Table 29, Continued. 

Management S~stems 

Ml M2 M3 M4 M5 M6 

Upland Rocky Soils (510) -.85* -.90+ - .65*** -.49 -.46+ -.47 
(-1.93) (-1.59) (-2.50) (-1.13) (-1.69) (-.82) 

Upland Gravelly Soils (511) -.06 .18 .05 -.09 .08 .91+ 
(-.21) ( .49) (.24 ) (-.25) (.35 ) (1.49) 

Upland Sandy-Gravelly Soils (512) -.20 -.58* -.58*** -.55+ -.06 -.97* 
(-.79) (-1. 83) (-2.93) (-1.55) (-.25) (-1.90) 

Upland Sandy Soils (520) 0 0 0 0 0 0 
Leached Sandy Soils (521) -.92* -1.65** -1. 55* 

(-1.71) (-2.19 ) (-2.25) 
Lowland Vertisoils (540) .27 -.55+ -.58** -1.68*** .13 -.15 

(.95 ) (-1.62) (-2.25) (-3.17) ( .30) (-.22) 
Lowland Sandy Soils (560) -.27 .10 -.13 -.01 .04 .13 

(-1. 05) ( .29) (-.64 ) (-.03) ( .16) ( .27) 

Maize .36+ -1.30+ 
(1. 40) (-1. 36) 

Red Sorghum 1.38*** .82*** 1.15*** 1.13** 
(3.99) (3.97) (2.82) (2.38) 

White Sorghum .541** .59** .39+ -.22 
(2.36 ) (2.03) (1.57) (- .41) 

Mi llet -.19 -.81* -.45** -.68* 
(-.53) (-1. 89) (-1.93) (-1. 92) 

Groundnut -.14 .12 .13 .07 
(-.51 ) (.37) (.47) (.11 ) 

Earth Peas .57 .18 .24 
(.74) (.17) (.25) 

Constant 7.960*** 4.279*** 6.92*** 7.120*** 9. 340**" 11 .85**" 
(7.24) (3.82) (11.08) (5.83) (4.08) (5.05 ) 

Note: Figures in parentheses are the t-statistics. +=significance between the. 10 and 
levels; ~=significance at the. 10 level; **=significance at the .05 level; 

.20 

***=si9nificance at the .01 level or under. 
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Table 30. Cobb-Douglas MVP Estimates for the Management Systems. 

-,-
Management System 

Ml M2 M3 M4 M5 M6 

Land (hectares) 8,156 2,656 19,539 17,900 32,725 68,182 

Age (years) 306 -176 -100 -179 15.4 1.5 

Organic Fertilizers (kg) 2077 125 "101 23 8.3 

Mineral Ferti 1izers (kg) -2793 1142 503 -416 -14 1316 

Frequency of Fertilizer 
Application (years) 

4,578 -2,400 1,066 -220 585 -90 

Frequency of Groundnut 7,507 4,319 
Planti ng (years) 

2,468 2,768 754 

Date of Planting (days) 3.1 812 211 395 -75 .3 

Time lag Planting- 31.7 308 150 177 -38 -219 
First Weeding (days) 

Hand-Tool Labor for Seedbed -1.5 -56.0 -41.8 62.5 76.7 -206 
Preparation and Planting 
(hrs) 

A. T. Labor for Seedbed 913.6 82.8 -121.0 -303.8 74.4 280 
Preparation (hrs) 

Hand-Tool Labor for 28.6 85.5 107.7 127.8 39.5 149 
Weedi ng (hrs) 

A. T. Labor for -72.4 278.1 160.2 48.7 101.5 -2,580 
Weeding (hrs) 

Hand-Tool Labor for Late 167.4 739.2 488.0 564.0 -53.8 690 
Ridging (hrs) 

A. T. Labor for Late 60.0 303 310.8 271.3 -55.5 -11 ,278 
Ridging (hrs) 

Note: All MVP's are measured in CFA francs. 
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Table 31. Cobb-Douglas Production Function Estimates for Major Crops 
Dependent Variable=Value of Output in CFA francs. Model 4.2. 

Major Crop 

Maize Red Millet/Whi te All 
Sorghum Sorghum Cerea 1 s 

R2 .608 .744 .714 .527 

~ .255 .631 .572 .451 

F 1.7 6.6 5.0 6.9 

Degrees of Freedom 20 50 40 148 

Land (hectares) .425+ .551*** .336* .397*** 
(1 .58) (4.98) (1.84 ) (4.10) 

Age (years) -.126 .487** -.224 -.120 
(-.44) (2.06) (-1. 36) (-1. 09) 

Organic Fertilizers .041 .042 .116*** 
(kg) (.25) (.126) (2.98) 

Mineral Fertilizers -.143 -.007 .095 .059 
(kg) (-.39) (-.12) (.76 ) (.95) 

Frequency of Fertilizer .059 .174** .006 .024 
Application (years) ( .20) (2.03) (.02 ) ( .25) 

Frequency of Groundnut -.230 .762** .157 
Planting (years) (-.66) (2,,09 ) ( .61) 

Date of Planting (days) -.158 -.080 .790*** .372*** 
(-.49) (-.83) (4.12) (4.39) 

Time lag Planting- -.445 .020 .397** .164** 
First Weeding (days) (-.92) (.23) (2.44) (2.00) 

Hand-Tool Labor for - .110 .200* -.324* -.117+ 
Seedbed Preparation and (-.47) (1. 79) (-1.87) (-1. 34) 
Planting (hrs) 

A. T. Labor for Seedbed .041 .052 -.003 -.07 
Preparation (hrs) (.12) ( .63) (-.02) (-1.01) 
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Table 31, Continued. 

Major Crop 

Maize Red Mi llet/Whi te All 
Sorghum Sorghum Cereals 

Hand Tool Labor for .575* -.05 .405*** .260*** 
Weedi ng (hrs) (1. 72) (-.78) (3.08) (4.05) 

A. T. Labor for -.024 .082 .157+ .144** 
Weedi ng (h rs ) (-.04) (1.01) (1.53) (2. 10) 

Hand-Tool Labor for .021 .122* .208* .092+ 
Lage Ridging (hrs) ( .05) (1.71) (1. 94) (1. 50) 

A. T. Labor for Late - .107 .156 .073 
Ridging (hrs) (-.82) (1. 24) (.90 ) 

Upland Rocky Soils .70 -.72** -.45 -.47+ 
(SlO) (1.00) (-2.39) (-.51) (-1.58) 

Upland Gravelly Soils 1.37** -.21 .02 .18 
(Sl1 ) (2.01) (-.92) (.05 ) ( .81 ) 

Upland Sandy-Gravelly - .63 -.22 -.76* -.58*** 
Soils (512) (-1.05 ) (-.97) (-1. 79) (-2.60) 

Upland Sandy Soils (520) 0 0 0 0 

Leached Sandy Soils -2.51** -1.19 
(521) (-1. 97) (-1.14) 

Lowland Vertisoil (540) -.37 .08 -.58 -.61** 
(-.50) ( .20) (-1.18) (-2.06) 

Lowland Sandy Soil .72 -.02 -.42 - .19 
(560) (1. 25) (-.08) (-.96) (-.87 ) 

Ria 0 
Rl Rlb .84* .37 .42 

(1. 96) (.79 ) ( 1. 05) 

R2 -.74** .43+ 
(-2.08) (1. 34) 



Table 31, Continued. 

Major Crop 

Maize Red Mi 11et/Whi te All 
Sorghum Sorghum Cereals 

R3 -.34 .55 
(-.82) (1.16) 

R4 0 -.38 .07 
(- .82) ( .26) 

R5 0 0 

Cereal-Cowpea -.082 -.400 
Density Ratio (-.75) (-1.12) 

Constant Term 10.339*** 8.506*** 5.113*** 7.47*** 
(3.91) (9.78) (3.76) (11.57) 

Note: Figures in parentheses are the t-statistics; +=significance 
between the .10 and .20 levels; *=significance at the .10 
level; **=significance at the .05 level; ***=significance 
at the .01 level or under. 
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Table 32. Cobb-Douglas MVP Estimates for the Major Crops, (CFA francs). 

Land (hectares) 

Age (yea rs) 

Maize 

67,408 

-22.5 

Organic Fertilizer (kg) 1.9 

Mineral Fertilizers (kg) -1,729 

Ferquency of Fertilizer 83 
Application (years) 

Frequency of Groundnut 
Planting (years) 

Date of Planting (days) -22 

Time lag Planting-First -167 
Weeding (days) 

Hand-Tool Labor for -119 
Seedbed Preparation and 
Planting (hrs) 

A. T. Labor for Seedbed 117 
Preparation (hrs) 

Hand Tool Labor for 
Weedi ng (hrs) 

A. T. Labor for 
Weeding (hrs) 

379 

-122 

Hand-Tool Labor for Late 107 
Ridging (hrs) 

A. T. L~bor for Late 
Ridging (hrs) 

Cer'eal-Cowpea Density 
Ratio 

Major Crops 

Red Millet/White All 
Sorghum Sorghum Cereals 

36,340 

219 

35 

-92 

1,129 

-2,753 

-80 

18 

105 

124 

-29 

131 

808 

-206 

-503 

8.690 

-380 

1,395 

117 

7,500 

455 

187 

-99 

-5 

109 

259 

459 

245 

-725 

22,950 

-70 

132 

800 

613 

1,485 

195 

97 

-59 

-150 

119 

303 

390 

166 
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Table 33. Cobb-Douglas Production Function Estimates for the 
Management Systems. Dependent Variable=Grain Output 
(kilograms). Model 2.1. 

Management S~stem 

Ml M2 M3 M4 M5 M6 

R2 .841 .781 .735 .768 .814 .697 

if2 .,727 .683 .692 .669 .719 .422 

F 7.4 7.9 16.9 7.7 8.5 2.5 

Degrees of Freedom 37 59 158 57 37 22 

Land (hectare s) .30** .174* .403*** .410*** .542*** .424* 
(2.45) (1.48) (5.64) (3.31) (4.78) (1. 84) 

Age (yea rs) .158+ .015 -.079 -.164 .131 -.030 
(1. 54) (.14) (-1.04 ) ( -1.03) ( .23) (-.12 ) 

Organic Fertilizers (kg) .212** .087*** .084** .050+ .106 
(2.26) (2.84) (2.09) (1. 30) (.83) 

Mineral Fertilizers (kg) - .195** -.021 .002 -.059 -.001 .029 
(-2.06) (-.27) (.05 ) (-.95) (-.02) ( .09) 

Frequency of Fertilizer Application .216 .010 .053 .029 .101 -.015 
(years) (1.18) (.07) ( .73) ( .27) (1.03) (-.06) 

Frequency of Groundnut Planting (years) .720*** .404* .261* .188 .061 
(3.04) (1.91) ( 1.67) ( .89) ( .30) 

Date of Planting (days) .167 .463*** .257*** .235*** -.068 -.026 
(1.10) (3.99) (3.97) (2.52) (-.61) (- .10) 

Time Lag Planting First Weeding .068 .379*** .151*** .148* -.049 -.527+ 
(days) (.54) (3.84) (2.38) (1.61) (-.57) (-1.29) 

Hand-Tool Labor for Seedbed Preparation -.049 -.123 -.069 .181* .143+ -.175 
(-.43) (-1. 06) (-1.04 ) ( 1.58) (1. 34) (-.83) 

A. T. Labor for Seedbed Preparation .200** .102 .0007 - .081 .040 .082 
(hours) (2.24) (1.16) (.01) (-.98) ( .50) (.28) 

Hand-Tool Labor for Weeding (hours) .106 .229*** .190*** .162** .071 .215 
(1.24) (3.08) (3.90) (2.26) (.96 ) (.76) 

A. T. Labor for ~leeding (hours) -.034 .085+ .041 .033 .080 -.508 
(- .50) (1. 34) (.78) ( .36) (.89 ) (-.93) 

Hand-Tool Labor for Late Ridging (hours) .075 .202*** .105** .104+ -.036 .069 
(1.13) (3.29) (2.29) (1. 42) (-.15) (.20) 

A. T. Labor for Late Ridging (hours) .006 .105+ .108* .108 -.OlD -1.552+ 
(.07) ( 1.28) (1. 71) (.86) (-.27) (1. 44) 
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Table 33, Continued. 

Management Slstem 

Ml M2 M3 M4 M5 M6 

Upland Rocky Soils (Slo) -.79* -.90** -.64*** -.55* ... 45* -.40 
(-1. 80) (-1.98) (-2.99) (-1.74) (-1.67) (-.73) 

Upland Gravelly Soils (Sll) -.108 .087 .06 -.11 .08 .98+ 
(-.35 ) (.30) (.35) (-.42) (.35) (1.67) 

Upland Sandy-Gravelly Soils -.18 -.34+ - .43*** -.30 -.05 -.79+ 
(S12) (-.69) (-1.33) (-2.59) (-1.16) (-.20) (-1. 60) 

Upland Sandy Soils (520) 0 0 0 0 0 0 

Leached Sandy Soils (521) -.93* -1. 24** -1.36*** 
(-1.73) (-2.05) (2.38) 

Lowland Vertisoils (54o) .38 -.077 - .19 -.87** .17 -.07 
(1. 36) (-.28) (- .il7) (-2.20) (.41) (-.11) 

Lowland Sandy Soils (560) -.28 .082 - .10 .02 .04 .19 
(-1. 09) (.31 ) (-.61) ( .08) (.15) ( .40) 

Maize .20 - .16 -1.63* 
(-.73) (-1.76) 

Red Sorghum 1.45*** 1.07*** 1.24*** 1.24*** 
(5.26) (6.18) (4.11) (2.72) 

White Sorghum .556** .57*** .33* -.08 
(2.43) (2.47) (1.88) (-.21) 

Mi 11et .29 -.27 -.23 -.38+ 
(.80) -.78) (-1.19) (-1.46) 

Groundnuts -.44* -.23 -.29+ -.15 
(-1.61 ) (-.86) (-1. 26) (-.36) 

Earth Peas .80 .69 .47 
(1.05 ) ( .80) (.58) 

Constant 3.263 1.220 3.563'*** 3.375*** 5.262** 7.794**-
(2.97) (1. 34) (6.83) (3.76) (2.33) (11. 76) 

Note: Figures in parentheses are the t-statistics; +=significance between the .10 and 
.20 levels; *=significance at the .10 level; **=significance at the .05 level; 
***=significance at the .01 level or under. 
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Table 34. MPP Estimates from the Cobb-Douglas Production Functions 
of the Management Systems. 

Management System 

Ml M2 M3 M4 M5 M5 

Land (hectares) 142.6 91.4 383.3 484.8 805.2 709.5 

Age (years) 4.79 .38 -.79 -1.72 1. 14 -.057 

Organic Fe~ti1izers (kg) 37.12 . 1.83 2.14 .66 .061 

Mineral Fertilizers (kg) -48.1 -.03 .43 -15.9 -.35 3.53 

Frequency of Fertilizer 
Application (years) 

70.7 2.83 6.10 4.50 14.10 -.083 

Frequency of Groundnuts 122.5 68.5 40.5 45.2 17.0 
Planting (years) 

Date of Planting (days) 1.35 4.37 2.13 4.91 -1.68 -.039 

Time Lag Planting-First .46 3.27 1.40 2.68 -.93 -2.18 
Weeding (days) 

Hand Tool Labor for Seed- -1.72 -6.88 -.59 1.80 1.89 -1.91 
bed Preparation (hours) 

A. T. Labor for Seedbed 5.26 3.06 .024 -3.70 1.89 2.54 
Preparation (hours) 

Hand Tool Labor for .44 1.06 1. 39 1. 90 1.09 1.44 
Weeding (hours) 

A. T. Labor for Weeding -1.22 2.95 1. 55 1.10 2.74 -25.5 
(hours) 

Hand Tool Labor for Late 2.66 10.0 7.4 14.4 -5.4 3.57 
Ridging (hours) 

A. T. Labor for Late 
Ridging (hours) 2.23 3.48 4.46 4.10 -.45 -87.1 

Note: All MPP's are measured in kilograms of food grain. 
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Table 35. Cobb-Douglas Production Function Estimates for the Major 
Crops: Dependent Variable=Grain Output (kilograms). Model 4. 1. 

Maize Red Millet/White All 
Sorghum Sorghum Cereals 

R2 .596 .778 .691 .644 

if .232 .680 .537 .587 

F 1.6 7.9 4.5 11.2 

Degrees of Freedom 20 50 40 148 

Land (hectares) .431+ .558*** .345** .414*** 
(1.57) (5.53) (2.45) (4.37) 

Age (years) -.107 .437** -.108 -.050 
(-.37) (2.02) (.86 ) (.52 ) 

Organic Fertilizers .051 .045+ .088*** 
(kg) (.31) (1. 49) (2.57) 

Mineral Fertilizers -.147 -.010 .041 .041 
(kg) (-.39) (0.20 ) ( .43) (. 76) 

Frequency of Fertilizers .033 .162** .095 .058 
Application (years) (. 11 ) (2.07) (.51) (.70) 

Frequency of Groundnut -.240 .639** .164 
Planting (years) (-.75) (2.28) (.73) 

Date of Planting -.156 -.085 .483*** .212*** 
(days) (-.47) (-.98) (3.28) (2.81) 

Time Lag Planting- -.44 .003 .189+ .038 
Fi rs t Weedi ng (days) (-.89) (.03) ( 1. 52) ( .52) 

Hand Tool Labor for - .101 .186 -.275** -.088 
Seedbed Preparation (hrs) (-.42) (1 .83) (-2.06) (-.21 ) 

A. T. Labor for Seedbed .02 .054 .073 -.013 
Preparation (hrs) (.06 ) (.74) (.70) (-1.15) 

Hand Tool Labor for .575* -.040 .312*** .206*** 
Weeding (hrs) (1. 68) (-.64) (3.08) (3.66) 
A. T. Labor for Weeding ·,.048 .080 .075 .111* 
(hrs) (-.08) { 1.08} (.96 ) (1. 84) 
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Table 35, Continued. 

Millet/White All 
Maize Sorghum Sorghum Cerea 1 s 

Hand Tool Labor for .02 .109* .161** .080+ 
Late Ridging (hrs) (.05) (1. 69) (1.94) (1.48) 

A. T. Labor for Late -.096 .123+ .048 
Ridging (hrs) (.81) (1.27) ( .67) 

Upland Rocky Soils .69 -.64** -.52 -.43* 
(S10) ( .97) (-2.35) ( .761) (-1.65) 

Upland Gravelly Soils 1.38* -.16 .05 .22 
(Sll ) (1.98) (-.75) ( . 12) (1.13) 

Upland Sandy-Gravelly -.61 -.11 -.60* -.40** 
Soils (S12) ( -1.00) (-.53) (-1.85 ) (-2.07) 

Upland Sandy Soils (520) 0 0 0 0 

Leached Sandy Soils -2.10** -.93 
(521) ( -2. 14) (-1. 05) 

Lowland Vertisoi1s -.42 . 16 -.19 -.34+ 
(S40) (-.55) (.43 ) (-.51) (1. 30) 

Low1and Sandy Soils .70 .008 -.43+ -.17 
(S60) (1. 20) (.04 ) (-1.27) (-.89) 
R1a 
R1b .86 .26 -.16 

(1.97) ( .61) (-.45 ) 

R2 - .63** .63** 
(2.25) (2.22) 

R3 -.25 .70* 
( .67) (1.69) 

R4 0 -.31 .29 
(-.87) (1.23) 

R5 0 0 
Cereal Cowpea Densi ty 
Ratio 
Constant Tem 5.611** 4.927*** 2.746** 4.206*** 

(2.08) (6.22) (2.62) (7.42) 



Table 36. MPP Estimates from Cobb-Douglas Production Functions for 
the Major Crops (kilograms). 

Land (hectares) 

Age (years) 

Maize 

640.0 

-.18 

Organic Fertilizers (kg) .022 

Mineral Fertilizers (kg) -6.12 

Frequency of Fertilizer .44 
Application (years) 

Frequency of Groundnut 
Planting (years) 

Date of Planting (days) -.20 

Time lag Planting- -1.54 
First Weeding (days) 

Hand Tool Labor for -1.02 
Seedbed Preparation (hrs) 

A. T. Labor for .53 
Seedbed Preparation (hrs) 

Hand Tool Labor for 
Weeding (hrs) 

A(. T~ Labor for Weeding 
hrs J 

Hand Tool Labor for 
Late Ridging (hrs) 

A. T. Labor for Late 
Ridging (hrs") 

Cereal-Cowpea Density 
Ratio 

3.55 

-2.28 

.95 

Red Millet/White All 
Sorghum Sorghum-- Cereals 

892.3 

4.77 

.91 

-3.23 

25.5 

-69.7 

-2.06 

.07 

2.36 

3.12 

-.56 

3.10 

17.5 

-4.48 

'156.6 

-3.13 

10.6 

32.9 

110.4 

4.90 

1.56 

-1.47 

2.02 

1.48 

2.23 

6.25 

3.40 

417.9 

-.51 

1. 75 

9.71 

6.83 

27.0 

1.94 

.39 

-.78 

-.49 

1.64 

4.08 

5.92 

1. 91 
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equations, especially in the case of explanatory variables which 

have many zero observations and/or present little variability 

in the data matrix. Although it is more convenient to focus 

on the productivity estimates from only one type of production 

function, many erroneous statistical inferrences are likely to 

result from such a method of analysis. This happens because of 

data imperfections such as the lack of sufficient variability in 

the values taken by some explanatory variables. It also occurs 

because of uncertainty regarding the actual shape of the production 

function for various inputs and at various levels of input 

employment. The probability of a Type II error may be reduced 

for some explanatory variables, by trying to determine, from more 

than one production function, an interval at which the true 

parameter of a given explanatory variable is likely to be found 

rather than by relying on a specific parameter estimate. The 

evaluation of the productivity estimates to determine which ones 

are possible or not depends mostly on the researcher's judgement 

or technical knowledge regarding production possibilities in the 

research environment. 

To evaluate changes in resource productivity along the 

intensity of land use scale, one may select to compare only the 

productivity estimates across disjoint management systems such as 

Ml - M4 - M6 or M2 - M5 - M6, so that the involved management 

systems have no observations in common (i.e., M3 = Ml + M4 + M6 = 
M2 + M5 + M6). One may also select to compare the productivity 
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estimates across all joint and disjoint management systems such 

as: Ml - M2 - M3 - M4 - M5 - M6. so as to obtain a broader picture 

of the cropping system's dynamic aspects. All three directions of 

analysis were used in drawing the conclusions 'presented below 

with a greater emphasis on the last alternative. However, the 

conclusions remain essentially the same whatever the method of 

analysis selected.-The suggestions of the regression estimates 

regarding each of the factors of production studied are discussed 

below. The discussion of the regression estimate5 involves the 

levels of significance of the parameter estimates. The level of 

significance is used to indicate whether a given factor has sig

nificant effects on production under a given management system or 

not. However, some factors may in theory significantly affect 

production and yet have insignificant regression coefficients 

because of a lack of sufficient variability in the values taken 
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by observations on such factors in the data matrix. The minimum level 

of statistical significance used in the conclusion is in general 

the .10 level. The major parameters of interest discussed in the 

conclusions are the marginal productivity estimates followed by the 

output elasticities. The return-to-scale estimates provided by 

the Cobb-Douglas equations are also discussed. The parameters 

estimates used in drawing the conclusions are in general the 



Cobb-Douglas estimates. The linear estimates are occasionally used 

along with the Cobb-Douglas estimates, for some variables, to draw 

the proper conclusions. 

Land. The parameter estimates of land surface are overall 

significantly different from zero at least at the .10 level of 
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statistical significance. The marginal productivity of land in terms 

of food grain {MPP}, or in terms of the market value of output (MVP), 

generally increases with the average intensity of land use. It 

remains approximately constant for small differences in the average 

intensity of land use. The output elasticity with respect to land 

surface provided by the Cobb-Douglas estimates follows the same trend. 

Therefore, the marginal productivity trend applies at any given level 

of land surface since, as pointed out in Table 27, the average yield 

per hectare increases with the average intensity of land use. In 

other words, the marginal productivity curve for land shifts upward 

or remains unchangea as the intensity of land use increases. 73 

Where land has a market value and is uniquely or mostly 

subjected to agricultural uses, especially cropping, the economic 

value of soil productivity is reflected in the market value of 

land or in differential rents. In a perfectly competitive situation, 

and in absence of uncertainty and risk aversion, the value of land 

would be equal to its marginal productivity. The lack of a market 

for land in the study area prevents one from directly observing the 

73With Cobb-Douglas estimates MP=cx(Y Ix). Whatever X, ex and (Y Ix) 
increase with the average intensity of land use. 
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land values and differential rents, but one may use the marginal land 

productivity estimates as a direct estimate of soil productivity. In 

such a case the implication of the regression estimates is that the 

economi c vallie of soil producti vi ty does not generally decl i ne as the 

intensity of land use increases. This is because of the adjustments 

in the crop mix and in the soil-crop management system that accompany 

an increase in the intensity of land use. 

Regarding the various crop associations, the MVP of land is 

highest in maize fields followed by red sorghum fields and millet/ 

white sorghum fields. The MPP in terms of food grain is highest in 

red sorghum fields followed by maize fields and millet/sorghum fields. 

Thus, one may conclude that the increase in the marginal productivity 

of land as the intensity of land use increases ;s partly due to an 

increasing substitution of red sorghum to millet and white sorghum. 

Another major explanation would be the cumulative effect of fertilizers 

that raise the soil's chemical fertility as suggested by the ring 

effects discussed in Chapter 4. 

Soil Fertility Management Factors74 

Field Age. Field age or the duration of cultivation since the 

last lengthy fallow, exerts a negative effect on output under the 

medium intensities of land use systems. The negative effects on the 

74Analyses of covariance carried out during the preliminary analysis 
showed that the soil fertility management factors explain, depend'jng 
on the statistical model, 10 to 20 percent of the total variations 
in output and 20 to 30 percent of the explained variations in output. 
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value of output are significantly different from zero, but they are 

not significantly different from zero on grain output. The decline in 

output or yield is, however, small and remains below 180 francs and 

1.8 kilograms of food grain per year for an average field of .45 

hectares. Therefore, under a medium intensity of land use system, 

when two fields differ only by their ages, yields are higher on the 

younger field than on the older field. However, the field age effect 

under low and high intensity of land use systems is positive and not 

significantly different from zero. One explanation for this is that 

farmers sUbstitute fallow for crop before any noticeable decline in 

yields occurs under the low intensity of land use management system. 

As for the high intensity of land use systems, the cumulative effects 

of fertilization may be responsible for the positive effect of field 

age on yields. Under the medium intensity of land use systems the 

crop ·mix is more diversified than it is under the other management 

systems, and the degrees of freedom are greater than elsewhere. This 

allows the data matrix to capture a negative age effect which is more 

significant on the market value of output than it is on output 

measured in kilograms of food grain. Therefore, any negative effect 

of the duration of cultivation on yields would be more significant 

on the value of output than on the amount of food grain produced 

within the village :ropping system. This is probably due to changes 

in the degrees of crop associations as the field age increases. 

For instance, crops such as cowpea and millet which are more 
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valuable but less grain productive compared to both sorghum plants tend 

to become relatively less important than sorghum in the crop associa

tion as the field age increases. 

Regarding the major crop associations, the age effect is 

negative but not significantly d~fferent from zero in maize 

fields and millet/white sorghum fields. Contrary to the case of maize 

and millet/white sorghum fields, the age affect is signifi

cantly positive in red sorghum fields on the value of output as well 

as on output measured in kilograms of food grain. Thus, the 

substitution of red sorghum for the other cereals is likely to improve 

yield stability and income stability in general as the duration of 

cultivation increases. The estimated declines in yields 

in maize and millet/white sorghum fields are, however, small and are 

only about 4 kilograms per hectare for an additional year 

of cultivation. The increase in yield that would result fron an 

additional year of cultivation of the average red sorghum field is 

estimated to be around 14 kilograms of food grain per hectare. 

Fertilizers. The effect of organic fertilizers on field 

output or yield is, in general, significantly positive at the 

.10 level of significance. The marginal productivity of organic 

fertilizers and the elasticity of output with respect to organic 

fertilizers decline or remain approximately constant as the 

intensity of land use increases from M2 to M6. The marginal pro

ductivity of organic fertilizer is much higher in red 
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sorghum fields than it is in maize fields. Nothing is known about 

the productivity of organic fertilizers in millet and white sorghum 

fields because farmers do not usually apply organic fertilizers in 

such fields. The above results imply that a great deal of the organic 

fertilizers which are usually dumped in the first ring, inside maize 

fields, would be more efficiently used if applied outside the first 

ring, inside red sorghum fields. However, transporatation costs of 

the organic manure are a major constraint which if relaxed are 

likely, according to the above results, to increase resource produc

tivity inside the cropping system. 

The Cobb-Douglas estimates suggest that the mineral fertilizer 

is productive only in millet/white sorghum fields and has 

insignificant and probably negative effects in maize and 

red sorghum fields. This results is surprising particularly in 

the case of red sorghum since, according to the farmers, red 

sorghum responds quite well to mineral fertilizers. That is the 

reason why it receives the largest applications of mineral fertili

zers. The Cobb-Douglas production function also suggests 

that the mineral fertilizer is unproductive wherever the crop 

mix is clearly dominated by red sorghum (i.e., M4 and M5). 

However, it also suggests that the mineral fertilizer is 

significantly unproductive inside the fifth ring (i.e., Ml) 

even though millet/white sorghum are the dominant crops in 

that ring. 



The productivity estimates of the mineral fertilizer as 

suggested by the linear production function ar'e more consistent 

with each other and more consistent with the farmers' beliefs than 

those provided by the Cobb-Douglas equations. The productivity of 

the mineral fertilizer, as suggested by the linear production 

function is probably more reliable than that suggested by the 

Cobb-Douglas production function because of the large number 

of zero applications and the very small variability that is 

observed in the amounts of mineral fertilizers employed. The 

linear production function suggests that the mineral fertilizer 

is productive in both red sorghum fields and millet/white sorghum 

fields. In addition, it suggests that the mineral fertilizer is 

more productive in red sorghum fields than it is in millet/white 

sorghum fields. It further agrees with the Cobb-Douglas production 

function estimates that the mineral fertilizer is probably 

unproductive when applied in maize fields or inside the fifth ring. 

Therefore, the production functions analysis suggest overall that 

the mineral fertilizer is probably most productive inside the 

intermediate rings where most of it is applied. The negative 

coefficients recorded may be due, for instance, to the fact that 

fields that are fertilized inside the fifth ring are mostly those 

fields that are infested by Striga or that have a particularly 

low soil quality. The negative productivity estimate inside the 

fifth ring could also imply that the use of the mineral fertilizer 
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is technically inefficient when it is extensively combined with other 

means of soil fertility regeneration such as fallow and legumes, 

as is the case inside the fifth ring. 

The suggestion of the regression estimates regarding the 

comparative effects of the frequency of fertilizer application across 

the management systems is somewhat ambi guous. However, both the 

Cobb-Douglas and the linear estimates suggest that overall, the 

frequency of fertilizer application has positive effects on yields 

everywhere, except probably inside the first ring (i.e., M6) where 

fertilizers are most frequently applied. It is, therefore, quite 

possible that the technical efficiency of the production system could 

be improved by lowering the frequency of fertilizer application inside 

the first ring. Still, the suggested negative effect remains statis

tically insignificant inside the first ring. 

According to the elasticities of output with respect to the 

fertilizers that are suggested by the Cobb-Douglas estimates, if 

the average application of fertilizers were doubled from 500 kilo

grams to 1,000 kilograms of organic fertilizer per hectare 

and from 7 kg to 14 kg of mineral fertilizer per hectare, the 

resulting increases in output would be about 10 percent with the 

organic fertilizer and less than 4 percent with the mineral 

fertilizer. Therefore, doubling current yields would require that 

approximately five tons of organic fertilizers be applied per 

hectare or that about 200 kilograms of mineral fertilizers be 



applied per hectare. Such increases, however, will occur only if 

the genetical load of the crop varieties that are being planted 

permit. 

Legumes. Both the linear and the Cobb-Douglas equations 

suggest that the frequency of groundnut planting has, in general, 

a positive effect on yields. Such effect is highest and most 

significantly positive under the low intensity of land use system 
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Ml. The elasticity of output, with respect to the absolute frequency 

of groundnut planting and to the marginal productivity of one year 

of groundnut planting, declines significantly as the average 

intensity of land use increases. Furthermore, the elasticity 

of output, with respect to the frequency of groundnut 

planting and the marginal productivity of one year of groundnut 

planting in the past, are significantly higher in millet/white 

sorghum fields than they are in red ~orghum fields. The major 

implication of the above results is that crop rotation with 

groundnut improves yields. In addition, it is technically most 

efficient as a way of increasing cereal yields when it is combined 

with fallow and millet/white sorghum, as is the case in the fifth 

ring. The technical efficiency mentioned above is lower when 

groundnut is rotated with red sorghum alone, as is the case in 

the third ring. These observations are fairly consistent with 

farmers' beliefs on the subjects. 



Regarding the effect of cowpea on yields, the regression 

coefficient of the cereal-legume density ratio, as estimated in the 

production functions of red sorghum and of millet/white sorghum, 

was negative but not significantly different from zero even at 

the .50 level. Therefore, cereal fields with a relatively larger 

number of cowpea plants may have a smaller yield than cereal fields 

with a smaller number of cowpea plants. However, the yield 

difference is far from being statistically different from zero and 

the latter remark is also consistent with farmers' beliefs on 

the subject. 
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Indexes of Soil Productivity. Besides the marginal produc

tivities of land, the contribution to yields of the major determinants 

of land quality that appear in the production functions, such as 

land and all the soil fertility management factors discussed above, 

may be used as a measure of the soil's economic productivity under 

different soil-fertility management systems. 

Given the Cobb-Douglas production function 

el 1 Bi Y' 
y= KoA rr SFM

1
· • rrOF. J; Ko is the constant term, A is the 

i j J 

field area, SFM i is the soil-fertility management factor #i and 

OF stands for all other factors of production. The explained 

contribution of land and soil-fertility management factors to 
eli f3. 

output can be computed as qcd = A rr 5FM 1. This measure as 
i i 

designed is actually a multiplier of the productivities of other 



factors in the final determination of output. In the case of the 

linear production functions V = K + ~lA + ~a. SFM. + ~y. OF., o 1 1 J J 

the contribution of land and soil fertility management factors to 

output can be computed as qL = ~lA + ~ai SFMi . This stands for the 

absolute contribution of land and soil fertility management 

factors to output. 

qcd and qL were evaluated per hectare for each field using 

parameter estimates that apply to the field. First, the parameter 

estimates obtained for Ml, M4 and M6 were used to compute qcdl and 

qLl. The parameter estimates of Ml were applied to fields in the 

fifth ring. The parameter estimates of M4 were applied to fields 

inside the intermediate Rings 2, 3 and 4. The parameter estimates 

of M6 were applied to the fields inside the first ring. The 

parameter estimates of the disjoint subsystems Ml, M4 and M6 were 

used because those subsystems are more identifiable with the usual 

classification of fields into "bush fields", "village fields" and 

"housefields". Secondly, the parameter estimates of M3 which apply 

to all fields were used to compute another version of qcd and qLl' 

These were denoted qcd2 and qL2' The mean values of qcdl, qcd2' 

qLl' qL2 were then evaluated per hectare for the fields inside 

each of the five management rings and inside each of the defined 

management systems Ml to M6. The. results of the computations 

appear in Table 37. qL is measured in CFA francs per hectare, 

and being a coefficient, qcd has no unit of measurement. 
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Table 37. Indexes of Soil Productivity. 

Productivity Indexes 
Management Systems 

Ring 1 10.20 8.90 94,661 86,319 

Ring 2 .55 2.19 60,169 15,704 

Ring 3 .70 2.77 55,535 26,655 

Ring 4 .61 1.67 37,563 14,866 

Ring 5 1.55 .88 9,686 8,844 

Ml == Ring 5 1.55 .88 9,686 8,844 

M2 == Rings 4 and 5 1.37 1.03 14,904 9,967 

M3 == Rings 1 , 2, 3, 4 and 5 1.42 1.51 27,116 13,683 

M4 == Rings 2, 3, and 4 .59 2.05 51,144 16,564 

M5 == Rings 2 and 3 .58 2.29 59,367 17,600 

M6 :: Ring 2 10.20 8.90 94,661 86,319 

Note: Refer to the definition of qcd1' Qcd2' QLl' QL2 in the text. 



With the exception of qcdl' which suggests that the contri

bution of land resources to output is probably smaller in the 

three intermediate rings than it is inside the two extreme rings, 

all the other 'three indexes of soil productivity suggest that such 

a contribution increases from the fifth ring to the first ring and 

from Ml to M6. Therefore, the above results suggest that overall 

soil productivity, most likely, increases with the average 

intensity of land use.within the village's cropping system75 • Such 

an increase is mostly due to crop substitutions and to greater 

employments of fertilizers, especially organic fertilizers. 

Soil Types Effects and the Cultivation-Induced Soil-Type 

Hypothesis. The productivity ranking of the major local soil types 

under the various management systems and crop associations as 

suggested by the parameter estimates of the soil-type dummy 

variables in the Cobb-Douglas equation are as discussed below. 

The leached sandy soil (S21) known as "Rassempouiga" is the 

least productive soil type under all management systems and crop 

associations. This result significantly supports farmer's beliefs 

that the leached sandy soil is the poorest arable soil. This soil 

type is, however, a minor soil type rarely subjected to cultivation. 

75 qCd1 may be less accurate than qcd2 and ql2 because the parameter 
estlmates used in its computation were obtained with smaller 
degrees of freedom. qLl is likely to be more accurate than qcdl 
because of the large number of zero observations, recorded for 
most soil-ferti 1 i ty management factors. 
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Regarding the major soil types, the rocky upland soil type (S10) 

is significantly less productive than other soil types under the 

low intensity of land use system Ml. Other soil types are more or 

less equally productive under M1. Under the medium intensity of 

land use systems M2, M3 and M4, the upland rocky soil (S10), the 

upland sandy gravelly soil (S12) and the lowland vertisoi1s (S40) 

are significantly less productive than the sandy soils (S20, S60) 

and the upland gravelly soil (Sll). Under the high intensity of 

land use systems, the upland rocky soil is significantly less 

productive than other soil types in M5 where red sorhgum is the 

dominant crop. The upland sandy gravelly soil (S12) is signifi

cantly less productive than other soil types in the first ring 

(M6) where maize is the dominant crop . 

. Regarding the effects of soil type on the major crops' 

yields, maize is significantly more productive on gravelly soils 

(S11) than on other soil types. The next most productive soils 

in maize fields are the rocky soils (S10) and the lowland sandy 

soils (560), followed by the upland sandy soil (520), the lowland 

vertisoil (540) and the upland sandy gravelly soil (S12). The 

last of these appears to be the least productive soil in maize 

fields. In red sorghum fields, the most productive soils are 

the lowland vertisoi1 (540) and the sandy soils (S20, S60). 

They are followed by the gravelly soils (Sll) and the sandy 

gravelly soil (512). However, these soils are not significantly 

less productive than the first two. The rocky soil (S10) appears 
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to be significantly less productive than all other major soil types 

in red sorghum fields. In millet/white sorghum fields, the upland 

sandy soil (520) and the upland gravelly soil (511) are the most 

productive soils, followed by the lowland sandy soi~5 (560), the 

upland rocky soils (S10) and the lowland vertisoils (S40). The 

sandy gravelly soil (S12) in millet/white sorghum fields is 

significantly less productive than the uplaDd sandy soils. It is 

the least productive major soil type in such fields. 

As one may notice, these rankings of local soil types, as 

suggested by the regression estimates, are not exactly the same 
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as those suggested by the farmers and shown in Table 13 of Chpater 3. 

Nevertheless, the indications regarding the most productive soil 

under each major crop are practically the same in both cases. 

The major implication of the soil type parameter estimates are 

related to the CUltivation-induced soil-type hypothesis mentioned 

earlier in Chapter 4. Does a possible change in the soil's status 

from sandy texture (S20) to a sandy gravelly texture (512) lead to 

a decline in soil productivity? The answer according to the 

regression estimates appears to be yes! With the upland sandy soil 

(S20) used as the reference soil type, the regression coefficient 

of the dummy variable representing the sandy gravelly soil (512) 

is negative in every case of management system and crop association. 

The Cobb-Douglas estimates suggest as much as a 50 percent decline 

in yield from S20 to S12, Ceteris Paribus. The productivity 



difference between the two soil types is greater and more signifi

cantly different from zero in the presence of millet/white sorghum 

and maize than it is in the presence of red sorghum. Therefore, a 

substitution of red sorghum for millet/white sorghum tends to 

minimize the negative effect of the change in soil texture on 

resource productivity. Considering, in addition to the above, the 

suggestion of the results of Chapter 4, that the major change in 

soil fertility resulting from the textural change is likely to be 

a drop in the field moisture holding capacity and not a decline in 

the chemical fertility, the minimum effect of the textural change 

on resource productivity in the presence of red sorghum is 

probably due to the drought resistant character of red sorghum 

mentioned by the farmers and stated earlier in Chapter 3. 

The above results imply that crop substitution is an important 

and successful alternative for coping with problems related to 

changes in soil quality as cUltivation is intensified. 

Crop Mix and Crop Rotation. The parameter estimates of the 

dummy variables representing each major crop suggest the following: 

white sorghum and earthpeas are the most productive crops under the 

low intentsity of land use system where fallow is the major means 

of soil fertility regeneration. Under the medium and the high 

intensity of land use systems, where fertilizers are the major 

means of soil fertility regeneration, red sorghum is by far the 

most productive crop, followed by white sorghum, earthpeas 

groundnut and millet. 
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Regarding the productivity of each major crop in the 

management rings where they are found, the parameter estimates of 

the management rings introduced as dummy variables in the production 

functions of the major crop associations suggest the following: 

Maize is more productive where it is rotated with red sorghum (as 

in Rlb) than where it is permanently planted (as in Rla). Red sorghum 

is more productive in the first ring than it is in the fourth ring, 

but not significantly so. Red sorghum is more productive in the 

fourth ring than it is in the third ring. Moreover, red sorghum 

is least productive when subjected to the second ring's type of 

management practice. Therefore, red sorghum is more productive 

when rotated with another crop than when it is permanently 

planted as ;s the case inside the second ring. As for millet and 

white sorghum, they are more productive inside the fifth ring where 

they are rotated with fallow and legumes than they are inside the 

fourth ring where they are mostly rotated with red sorghum, legumes 

and fallow. However, the difference' is not significantly 

different from zero. 

Crop Management. The parameter estimates of the variables 

representing the date of planting and the time lag between planting 

and first weeding are highly significant under the medium intensity 

of land use systems. Interpretations of the regression estimates 

are, however, very difficult in the case of the management systems 

because of thp. cor,lposite nature of their crop mix. Regarding the 

major crop associations, the effect on yields of the timings of 



planting and of first weeding are significantly different from zero 

only in millet/white sorghum fields. 

The Cobb-Douglas estimates did not produce the expected 

negative parameter estimate for the timing of weeding for all of 

the major crop associations. Only the linear equations did so for 

millet and sorghum but with non-significant coefficients. The 

Cobb-Douglas estimates suggest that late planting and late weeding 

depress yields only under high intensity of land use systems in 

permanent red· sorghum fields (i.e. t M5) and in maize fields. 

This result is consistent with the farmers' greater concern to 

provide a timely supply of labor to the corresponding fields than 

to other fields 76. 

Labor Factors. The marginal productivity estimates and 

the output elasticity estimates from the Cobb-Douglas equations 

suggest the following conclusions regarding labor factors within 

the village's cropping system. Most of these conclusions are also 

consistent with those suggested by the linear equations. 

76Regarding the positive signs of the parameter estimates observed 
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in many cases, there obviously exists an optimal date for weeding 
and farmers are more likely to weed at the optimal date or sometime 
before, since they know that late weeding depresses yields. If 
weeding too soon is less productive than weeding later near the 
optimal date of weeding, and if most farmers weed sometime before 
or around the optimal date of weeding there would' be nothing 
surprising about a positive sign of the parameter estimate for the 
weeding timing variable. 



Within the low intensity of land use system (M1), the most 

productive labor factor is the animal traction labor for seedbed 

preparation. It primarily concerns the scarification of the soil 

before planting, and it affects yields more significantly than any 

other labor factor. It is followed in terms of labor productivity 

by hand tool labor for late ridging, by animal traction labor for 

late ridging and by hand tool labor for weeding. The marginal 

productivity of animal traction labor for weeding is negative but 

not significantly different from zero. This can be explained by 

the fact that the presence of numerous stumps under the weeds in 

the recently cleared fields is likely to render the use of animal 

traction implements very difficult for weeding. 

Within the medium intensity of land use systems (M2, M3, M4) 

yields are most significantly affected by hand tool labor for both 

weeding and late ridging. A laO-percent increase in the first 

would result in 25 to 30 percent increases in yields while a 

100 perc~nt increase in the second would result in 10 to 25 

percent increases in yi,elds. Hand tool labor for late ridging is, 

however, the most marginally productive labor factor followed by 

animal traction labor for late ridging, animal traction labor for 

weeding and hand too'l labor for weeding. The animal traction labor 

for seedbed preparation is the least productive labor factor in 

thi s case. 
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Within the high intensity of land use systems (MS, M6), the 

effects of labor factors on yields are less significant than in the 

previous subsystems. Where red sorghum is the dominant crop (i.e., 

MS), the most productive labor factor is the animal traction labor 

for weeding. It is followed by animal traction labor for seedbed 

preparation and by hand tool labor for weeding. Labor for late 
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ridging appears tD be the least productive labor factor in this case. 

However, where maize is the dominant crop (i .e., M6 or first 

ring) hand tool labor for late ridging is the most productive labor 

factor followed by animal traction labor for seedbed preparation and 

by hand tool labor for weeding. Animal traction labors for weeding 

and late ridging appear unproductive in this case probably because 

crops inside the first ring are not generally planted in lines. The 

use of animal traction implements in such a case is also likely to 

result in crop damages. 

The above results clearly imply that the relative importance 

of weeding and late ridging labors for food crop production tends 

to increase as the average intensity of land use increases 

above the low level. It also appears overall that animal traction 

labor for seedbed preparation is more productive where millet/white 

sorghum are the dominant crops and fallow and legumes are the major 

means of soil fertility regeneration. Elsewhere it seems to be moder

ately productive where maize or red sorghum are the dominant crops and 
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organic fertilizer is the major means of soil fertility regeneration. 

Weeding labor is least productive where millet/white sorghum and 

legumes are the dominant crops and fallow-legumes are the major 

means of soil fertility regeneration. Labor for late ridging is 

least productive where red sorghum is permanently planted or rotated 

with groundnuts and where organic and mineral fertilizers are the 

major means of soil fertility regeneration (i.e., M5). 

Labor productivities are, however, quite different from the 

above under the major crop associations when considered under given 

soil and management conditions. The production functions estimates 

of the major crop associations suggest that under a given set of soil 

and management conditions, labor for seed-bed preparation is most 

productive in red sorghum fields. This is followed by maize fields 

and by millet/white sorghum fields. Hand tool labor for weeding 

is most productive in maize fields followed by millet/white sorghum 

fields and by red sorghum fields. Animal traction labor for weeding 

is more productive in millet fields than in red sorghum fields when 

output is measured in francs. The inverse occurs when output is 

measured in kilograms of grain. Animal traction labor for weeding 

is unproductive in maize fields. With the exception of maize 

fields, weeding labor with animal traction implements is marginally 

more productive than weeding labor with hand tools in red sorghum 

fields as well as in millet/white sorghum fields. Hand tool labor 

for late ridging is most productive in red sorghum fields, followed 



by millet/white sorghum fields and maize fields. However. animal 

traction labor for late ridging is more productive in millet/ 

white sorghum fields than it is in red sorghum fields. In any case 

of management system or crop association, the marginal productivity 

of late ridging is more productive with hand tool implements than 

it is with animal traction implements. 

The marginal productivity estimates suggest that within the 

village cropping system the largest increases in yields will result 

from an increase in hand tool labor for weeding in maize fields 

and from some increase in hand tool labor for late ridging. Some 

increases in yields will also result from an increase in animal 

traction labor for weeding in red sorghum fields and in millet/ 

white sorghum fields. With respect to the soil fertility 

management systems, the statistical results suggest that yields 

will be maximized by using more animal traction labor for seedbed 

preparation in the fifth ring than elsewhere and by using weeding 

and late ridging labor, more outside the fifth ring than inside it. 

Hand tool labor for late ridging is, in general, the most 

marginally productive labor factor under medium intensities of 

land use and in sorghum as well as in millet fields. Therefore, 

late ridging labor appears to constrain yields and output more in 

the village cropping system than the well-publicized weeding labor. 

With the exception of hand tool labor for weeding and of A.T. labor 

for late ridging, labor is generally more productive in red 
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sorghum fields than it is in millet/white sorghum fields. This is 

especially true when productivity is measured in terms of food 

grain. This result provides a fair confirmation of farmers' 

beliefs on the subject. 

Returns to Scale. Returns to scale measured with the 

Cobb-Douglas estimates for each management system' and crop 

association using the parameters estimates of land, fertilizers 

and labor are as shown in Table 38 below. 

Table 38. Estimates of Returns to Scale. 

Management Systems 
and 

Returns to Scale 
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Crop Associations With Output Measured With Output Measured 

Ml 

M2 

M3 

M4 

M5 

M6 

Maize 

Red Sorghum 

Millet/White Sorghum 

in Francs 

.387 

1.091 

.901 

.969 

.871 

.919 

.850 

.930 

1.033 

in kg of Grain 

.413 

.965 

.868 

.942 

.879 

.950 

.849 

.886 

.855 



With the exception of the Ml case, the above figures are 

not significantly different from 1.00. Thus, the above results 

suggest that returns to scale are declining in the fifth ring 

at the low level of land use intensification (Ml) while they are 

practically constant within the medium and high-intensity levels 

of land use. Therefore an increase in the average intensity of land 

use creates no adverse eff~ct on the returns to scale. Returns to 

scale are also practically constant in the field of each major crop 

under given soil and management conditions. These results support 

the common view that cultivation technologies are neutral to scale 

in semi-permanent cultivation systems of the study region. Returns 

to scale are also likely to remain constant in the future as the 

average intensity of land use increases. 

Marginal Physical Productivity Estimates. The major 

marginal physical products (MPP) estimated in kilograms of food 

grain within the entire village cropping system are the following: 
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The MPP of land for one hectare is estimated to be over 800 kilograms 

in red sorghum fields, over 600 kilograms in maize fields and about 

150 kilograms in millet/white sorghum fields. For all fields in 

the village sample, the mean MPP of land is about 400 kilograms of 

77The variances of the estimates which are reflected in the statistics 
shown in Tables 29 through 35 are sufficiently large to allow this 
conclusion. 



food grain per hectare. The MPP of most soil fertility management 

factors, as suggested by the Cobb-Dougl~s production function, are 

probably less reliable than those suggested by the linear production 

function. This is so because of the large number of zero values 

taken by the involved variables (especially mineral fertilizer) 

inside the data matrix78 . The MPP of organic fertilizers, as 

suggested by the Cobb-Douglas estimates, is for one kilogram of 

manure: about .90 kg of food grain in red sorghum fields, .02 kg 

in maize fields and about 1.80 kg over all of the sample fields. 

The linear production function suggests that the the MPP of one 

kilogram of organic manure is about .05 kg of food grain for all 

sample fields. Both the linear and the Cobb-Douglas estimates 

suggest an MPP of about 8 kilograms of food grain for one 

kilogram of mineral fertilizers inside cereal fields. However, 

the results remain ambiguous concerning which cereal displays the 

highest productivity. The linear production function suggests red 

sorghum while the Cobb-Douglas production function suggests millet/ 

white sorghum. Both functions suggest that one previous year 

of fertilization adds from 15 to 50 kilograms of food grain per 

hectare. In contrast, one previous year of groundnut planting 

78This is also due t,o the fact that the MVP's of the Cobb-Douglas 
production function are evaluated at the geometric means. MVP 
estimates at the arithmetic means may be obtained from Tables 
26 and 27 and the regression coefficients presented in Tables 
29 through 35 for a comparative evaluation. 
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would add approximately 125 kilograms of food grain per hectare 

to the yield in an average cereal field. Thus, one previous season 

of groundnut planting in a cereal field lead on the average to 

appr'oximately a 17 percent increase in the yield observed during 

the current year. However, the yield increasing effect of a 

previous year of groundnut is according to the statistical results, 

effective only in ,millet/white sorghum fields (over a 30 percent 

increase in the yields). The effect is apparently negative in red 

sorghum fip,lds. 

The MPP's of labor estimated for all sample fields from the 

Cobb-Douglas production function are as follows: .024 kg of grain 
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for one hour of seedbed preparation with animal traction implements, 

1.39 kg of grain for one hour of weeding with hand tools and 1.55 kg 

of grai~ when weeding is done with animal traction implements. The 

MPP of labor is about 7.40 kg of grain for one hour of late 

ridging with hand tools and about 4.5 kg of late ridging is done 

with animal traction implements. 

Overall Evaluation and Comparison of Resource Productivity 

across Management Systems and Crop Associations. Using the 

marginal value products estimates obtained with the whole village 

cropping system data (i.e., M3) as proxies for marginal factor 

costs, a productivity ratio r was computed to compare resource 

productivity across the five management rings and the defined 

subsystems. r was defined as r. = V./r. MVPi X .. , where V. stands 
J J i lJ J 



for the mean value of output (i.e., total revenue in the average 

field) in the jtb ring or management system. MVPi stands for 

the marginal value product of factor Xi at its mean level of 

employment. during the 1981 crop season within the entire cropping 

system. Xij stands for the mean amount of factor Xi used in the 
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jth ring or management system in 1981. The denominator of rj stands 

for the mean opportunity cost of the major factors of production 

used inside the jth ring or management system. The factors of 

production Xi used in computing r were land, organic fertilizer, 

mineral fertilizer, hand tool labors and animal traction labors used 

in 1981 during each of the following cropping activities: seedbed 

preparation, weeding and late ridging. Given the above definition 

of r, the difference between the numerator and the denominator of 

r may be viewed as an estimate of returns to management and to 

resources used during harvest and processing. Since r itself is 

a benefit-cost ratio, it may be viewed as a simple measure of 

efficiency within the restricted analytical space where only output 

prices and crop production possibilities matter. 

Three versions of r were computed using three different sets 

of MVP estimates. (rl ) was computed using only the MVP estimates 

of the Cobb-Douglas production functions. However, as mentioned 

and explained earlier, the MVP estimates of the Cobb-Douglas 

production function for fertilizers were less reasonable than those 

suggested by the linear production function (see Tables 29-36). 
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(r)2' the second version of r, was computed using both the Cobb

Douglas MVP estimates for the land and labor, and the MVP estimates 

of the linear production function for organic and mineral fertilizers. 

(r)3 was computed using uniquely the MVP estimates of the linear 

production function. Once again, all MVP estimates used were derived 

from the production functions of M3 which apply to all fields. The 

three versions of r were also computed for the three major crop asso

ciations using the MVP estimates of the hybrid production functions 

which apply to all three major crop associations and are shown in 

Tables 31 and 35. The computed values of r for the management rings, 

the management systems and the major crop associations are as shown 

in Table 39 on the following page. 

Because the Cobb-Douglas production function suggests excessively 

high MVP's for organic fertilizers (i.e., 125 francs per kilogram), 

the opportunity costs of organic fertilizers computed with the para

meter estimates of the Cobb-Douglas production function are excessively 

high. Consequently, the productivity ratio inside the first manage

ment ring tends to be surprisingly low when such estimates are used 

in computing (r)l. Therefore, the most reasonable productivity trends 

are probably those suggested by (r)2 and (r)3. The latter suggests 

that, in general, the productivity ratio increases from the fifth ring to 

the first and from Mlto H2. Therefore, the cropping system's resource 

productivity tends to increase with the average intensity of land 

use. One may also notice that resource productivity is slightly 

higher in the third ring where red sorghum is rotated with 

groundnut than it is in the second ring where red sorghum 
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Table 39. Productivity Ratios of the Management Rings, Management 
Systems and Major Crop Associations. 

System 

Ring 1 

Ring 2 

Ring 3 

Ring 4 

Ring 5 

Ml :: Ring 5 

M2 :: Rings 4 and 5 

M3 :: All Rings 

M4 :: Rings 2, 3 and 4 

M5 :: Rings 2 and 3 

M6 :: Ring 1 

Maize/Sauce Plants 

Red Sorghum/Cowpea 

Millet/White Sorghum/ 
Cowpea 

(r)l 

.39 

.98 

1.07 

.76 

.80 

.80 

.79 

1. 10 

.96 

1.00 

.39 

.30 

1.08 

.64 

Productivity Ratios, 

(r)2 

1.77 

1.13 

1.27 

.73 

.76 

.76 

.76 

1. 12 

.95 

1.16 

1.77 

1.59 

1. 18 

.62 

(r)3 

4.29 

1.94 

2.60 

1.64 

1.24 

1.24 

1.39 

1.33 

1.98 

2.12 

4.29 

3.50 

1.98 

1.16 
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is permanently planted. This result could be due to the fact 

that the lighter soils of the third ring lead to lower labor 

requirements. Resource productivity or the efficiency of input use 

is also higher in red sorghum fields than it is in millet/white 

sorghum fields. It is much higher in maize fields. Although these 

productivity trends may be fairly close to reality, one should, 

however, notice that the ouptut prices and production function 

estimates alone are insufficient for a proper and complete evaluation 

of the allocative efficiency within the whole farming system. 

This is because other economic activities besides crop production 

are carried out on the farm, and they interact to some extent with 

the crop production activity to determine the actual opportunity 

costs of inputs. 



CHAPTER 6 

FARM LEVEL ANALYSIS OF SOIL FERTILITY 
MANAGEMENT AND FOOD CROP PRODUCTION 

Relationships between the Intensity 
of Land Use and Some Social and 

Economic Characteristics of Households 

In this section, the household sample has been divided into 

three groups of households, using the average farm level intensity of 

land use as the grouping variable. The latter is computed for each 
n n n 

R = 100 [EA.C./EA.C. + LA.F.]. A. is the 
1 111 1 1 111 1 

individual household as: 

area of Field i. Ci is the number of years of cultivation of Field #1 

since the last lengthy fallow (minimum seven years) and Fi is the total 

number of years of fallow since the beginning of the last lengthy 

fallow period. n is the number of fields cultivated by the household. 

As previously mentioned, the characteristic R approximately indicates 

the percentage area of land cultivated during a cycle of land use. 

The first group of households contains all households with 

80 ~ R < 100 and is referred to as the high intensity of land use 

group of the high -R group. The second group of households contains 

all households with 50 < R < 80 and is referred to as the medium 

intensity of land use group or the medium -R group. The third 
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group of households contains all households with R < 50 and is 

referred to as the low intensity of land use group or the low -R 

group. Average levels of selected demographic and economic charac

teristics of the household sample and of the defined groups are computed. 

An attempt is made to identify statistically significant differences 

among the defined groups and to relate the observed differences to 

the intensity of land use. However, less than ten households are 

found in each group and the statistical inferences, although certainly 

not powerful, are suggestive. 

Relationships between the Intensity of Land Use 
and Some Demographic Characteristics of the Household 

The statistics regarding the demographic characteristics of 

the three intensity of land use groups and of the whole village sample 

are shown in Table 40. The most apparent differences among the 

various intensity of land use groups are in general significant 

at a confidence level of .10. They suggest the following: (a) the 

size of the household is inversely related to the average intensity 

of land use on the farm, as one would expect from the discussion in 

the first section of Chapter 4; (b) a relatively larger number of 

dependents inside the household coincides with a lower intensity of 

land use; (c) the average intensity of land use on the farm is 

inversely related to the natural rate of population growth inside 

the household and is positively related to the rate of out-migration 

within the typical household. 
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Table 40. Intensity of Land Use and Demographic Characteristics of 
Households. 

Land Use Group 

1 2 3 
(High-R) (Medium-R) (Low-R) All 

Number of Households 9 8 8 25 

Average Intensity of Land Use 95.8 71.4 33.4 68.0 

Age of Household Head 60.6 66.5 54.8 60.6 

Size of the Household 7.00 6.38 8.63 7.3 

Number of people 15 ~Age ~ 60 3.8 3.5 4.0 3.8 

Total Growth during Past 
5 years (percent) 11.2 10.9 22.9 15.0 

[Annual Rate of GrowthJ [2.15J [2.10J [4.21J [2.84J 

Total Migration during 
Past 5 years (percent) -11.6 -15.6 -1.9 -9.8 

[Annual Rate of MigrationJ [- 2. 22J [- 2. 94J [ - .37J [-1. 89J 

Net Growth of Household Size 
during Past 5 years 
(percent) -.4 -4.7 +21.0 4.0 

[Net Annual Rate of GrowthJ [ .J 0.0 8J [-.92J [3.89 J [0.80J 

Note: The annual rates of growth and of migration are computed in 
percentage terms. 
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The rate of migration was measured in terms of twelve months 

of absence from the household by a household member (out-migration) 

or of visiting by outside members (in·-migration). As shown by 

Table 40, the rate of migration was negative inside every intensity of 

land use group thereby indicating a greater tendency toward out

migration than toward in-migration inside the village. 

In summary, the statistics suggest that farms inside the 

low intensity of land use group coincide with the largest households. 

The latter experience a higher rate of population growth and a lower 

rate of out migration than farms with higher intensities of land use 

inside the other two groups. 

Out-migration, in this case, could be either a cause or an effect 

of land use intensification. If an exogenous variable such as population 

density is the major cause of land use intensification, out-migration is 

more likely to be an effect rather than a cause of land use intensifi

cation. However, if attractive off-farm wages and job opportunities 

are the principal factors that drive young adults in their prime off the 

farm, the lack of sufficient labor inside the household to clear fallowed 

lands could lead to an increase in the intensity of land use on the farm 

and slow down the land use intensification in the region. This causal 

relationship would be mostly true for those households whose social 

status and structure favor out-migration. The relatively low average 

age of the households' residents inside the low intensity of land use 

group, in addition to the large size of such households and their low 

rate of out-migration, suggest that this explanation is quite possible. 



This would imply that the households inside the low-R group are 

socially more stable and respond less to the off-farm labor market 

incentives than households inside the other two groups. 
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Nevertheless, most farn~rs in the village argue that the 

intensity of land use in the region is increasing, not so much as a 

result of the population growth in the rural area or as a result of 

off-farm employment opportunities, but mostly as a result of an 

increasing demand for land due to the following factors: (a) the 

breakdown of households into smaller units; (b) a desire to maximize 

marketable surpluses because of an increasing profitability of the 

food crop production enterprise due to increasing urban demands for 

food grain; (c) the increasing monetization of the economy. These 

three factors would interact to cause simultaneously both land use 

intensification and out-migration. 

Relationships between the Intensity of Land Use, 
Land Holding, Land Tenure, Soil Types and Soil 
Fertility Management 

The land holding and land tenure statistics shown in Table 41 

suggest that the farm level average intensity of land use is inversely 

related to the average farm size. The households in the high inten

sity of land use group cultivated about 2.54 hectares per household 

and .36 hectares per head in 1981. Most of the members of the 

second largest family (the TONDE family) are found in this group where 

they have the largest holdings (3.72 hectares per household). About 

90 percent of the fields cultivated by members of the high -R group, 
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Table 41. Intensity of Land Use, Land Holding, Land Tenure and Land 
Distribution among Families. 

Intensity of Land Use 

Cultivated Hectares per 
Household 

(Standard Deviation) 

Cultivated Area per Head 

Controlled Fallow 
(Standard Deviation) 

(High-R) 
1 

95.8 

2.54 
(1.27) 

.36 

.75 
(1.69) 

Members of first largest family 22% 
Cultivated area per household 2.20 

Members of second largest family 45% 
Cultivated area per household 3.72 

Members of third largest family 11% 
Cultivated area per household 1.57 

Members of other families 22% 
Cultivated area per household 1.02 

All Families 100% 

System of Tenure 
Percentage of 

Gifts Cul ti vated Area 
(Percentage of Fields) 

Inheritance 

Borrowed 

All Cases 

18 
(21) 

62 
(70) 
20 
(9) 

100 
(100) 

Land Use Group 

(Medium-R) (Low-R) All 
2 3 

71.4 

3.46 
(1.88) 

.54 

.32 
(.84 ) 

12% 
.90 

0% 

25% 
4.50 

63% 
3.56 

100% 

21 
(35) 
29 

(41) 

50 
(24) 
100 

(100) 

33.4 

4.04 
(2.07) 

.47 

.37 
( .75) 

75% 
3.60 

13% 
5.83 

0% 

12% 
4.81 

100% 

13 

(40) 
28 

(43) 
59 

(16 ) 

100 
( 100) 

68 

3.31 
(1. 79) 

.45 

.49 
(1 .17) 

36% 

20% 

13% 

31% 

100% 

17 
(31) 

38 
(52) 
45 

(16 ) 
100 

(100) 
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corresponding to about 80 percent of their total cultivated area, 

have been inherited or received as gifts. The households in the 

medium intensity of land use group cultivated about 3.5 hectares per 

household and about .50 hectares per head in 1981. Practically all 

members of this group belong to the third largest family (the BOUDA 

family) and to smaller families. The largest holdings in this group 

belong to members of the thlrd largest family (about 4.50 hectares 

per household). About 75 percent of the fields cultivated by members 

of the medium -R group, corresponding to about 50 percent of their 

cultivated area, have been either inherited or received as gifts. The 

other fields were borrowed from relatives, neighbors or friends. The 

households in the low intenstiy of land use group cultivated over 4 

hectares of land per household and about .50 hectare per head in 1981. 

Most members of the first largest family (the TIEMTORE family) are 

found in this group where they make up 75 percent of all households 

found in the group. Their holdings (about 3.60 hectares per household) 

however, are relatively smaller than the holdings of members of smaller 

families in the same group. Over 80 percent of the fi~lds cultivated 

by members of the low -R group, corresponding to about 40 percent of 

the cultivated area, have been inherited or received as gifts. The 

remaining fields, corresponding to about 60 percent of the area cul

tivated by the low -R group, were borrowed from relatives, neighbors and 

friends in the village and in less densely populated villages in the 

region. 



The above facts may be briefly reconciled as follows. Each 

family originally controls a certain amount of land in the village 

territory with larger families originally controlling more land 

than smaller families. However, as the size of families grows and 

households break down into smaller units, individual members of 
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larger families progressively have access to less family land than 

individuals from smaller families. However, they have larger social 

interactions as well as alliances with family members and members of 

other families in the village and in neighboring villages. The greater 

social intercourse gives them more opportunities to borrow from 

individuals in the village and in neighboring villages additional 

lands that they cultivate extensively with the fifth ring type of 

management practices. The latter places them inside the brackets 

of farms with low intensity of land use. The rapid expansion of the 

largest family restricts the amount of good quality land available for 

loan by the second largest family members when the latter arrive at 

a point where the family land becomes insufficient to fulfill the 

household consumption needs under extensive types of cultivation 

pactices. Therefore, they are forced to use more land intensive 

cultivation practices than most members of the largest family. Members 

of the third and smaller families who face a less rapid spatial 

expansion and atomisation of their households pursue medium intensity 

of land use cultivation practices on family land and borrowed land 

mostly acquired before the rapid expansion of the larger families. 
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The land use evolution for the various social groups as suggested by this 

.interpretation of the statistics may be illustrated as shown in Figure 23. 

One remark from the above, which appeared previously in the 

land tenure section of Chapter 3, is that a higher security of land 

tenure (proportion of cultivated land inherited or received as gift) 

coincides with a higher intensity of land use. It thereby coincides 

with more intensiv~ soil fertility management practices which lead 

to a higher employment of fertilizers, especially organic fertilizers, 

and to a lower employment of fallow. However, a higher security of 

land tenure only reduces the proportion of cultivated area subject 

to the extensive fifth ring management practices. It does not 

eliminate them. Such practices continue on at least fifty percent 

of the cultivated area as shown by Table 42. As pointed out earlier 

in Chapter 3, practically all borrowed lands are subjected to the fifth 

ring type of management practices. This remains true regardless of the 

proportion of the total cultivated land owned by the household. 

The distribution of local soil types across the various inten

sity of land use groups (Table 42) shows that sandy gY'avelly soils 

(512) do not exist on the lands cultivated by the households in the 

low intensity of land use group while they exist on lands cultivated 

by the medium and high intensity of land use groups. This result 

provides an additional support to the cultivation induced soil type 

hypothesis discussed in Chapters 4 and 5. The proportion of lowland 

vertisoils in the total cultivated area appears to be inversely related 

to the average intensity of land use (Table 42). No such lands are 
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Owned Family Land 

t First 
Largest 
Family 

>R2 .. R, 

t Second 
Largest 
Family 

t Last 

Figure 23. Hypothetical Land Use Evolution for the Various 
Social Groups. 

Settlers 

Note: The inside cone stands for owned family land while the space 
between the inside cone and the outside cone stands for borrowed 
land. At a given point in time, a vertical section of both cones 
gives the land tenure structure of the farmed land (i.e., the 
amount of the farm land which is owned and the amount which is 
borrowed). The size of each section is inversely related to the 
average intensity of land use. At a given point in time (t), the 
larger the proportion ~f borrowed lands the lower the average 
intensity of land use R. 



Table 42. Intensity of Land Use, Soil-Crop Management Mix and Soil 
Types on the Farm (percentage areas). 

Land Use Group 

1 2 3 
(High-R) (Medi urn - R) (Low - R) 

Managemen t Mi x 

Ring 1 03 03 02 
Ring 2 24 16 14 
Ring 3 10 08 07 
Ring 4 13 13 07 
Ring 5 50 60 70 

All Cases 100 100 100 

Soil T~2es 

Rocky Soils (SlO) 06 00 02 
Upland Gravelly Soil 

Soi 1 s (511 ) 10 16 18 
Sandy Gravelly 
Soil (S12) 24 17 00 

Upland Sandy Soil 
(,S20 ) 49 33 36 

LowliJ'ld 
Clayey Vertisoils 

(.540) 00 14 33 
Soils Sandy silt soils 

(S60) 11 20 10 

All Cases 100 100 100 
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cultivated by households in the high intensity of land use group. 

Fields on lowland vertisoils are generally borrowed from less densely 

populated neighboring villages, most of which are located as far away 

as 30 kilometers from the village. The lack of lowland vertisoils in 

the high intensity of land use group's fields may be the result of a 

reduced access to such lands created by social and economic factors 

(transportation costs, labor availability for an economic exploitation 

of such lands, etc ••.• ). 

The results presented in this section, therefore, suggest 

overall that (1) the access to land factor is highly influenced by the 

size and social standing of the social group to which the household 

belongs within the village community. It may also be constrained by 

economic factors such as the availability of means of transportation 

and of labor inputs inside the household. (2) The access to land 

factor is a major determinant of the farm size and of the structure of 

property rights over the farmed land. All of these have a significant 

influence over the pattern of soil crop management practices employed 

on the farm and in so doing are major determinants of the intensity of 

land use on the farm. (3) The sandy-gravelly soils (512) are probably 

the result of high intensification of land utilization. 

Relationship between the Intensity 
of Land Use and Farm Capital 

The statistics shown in Table 43 indicate that the ownership of 

carts for the transportation of manure, water, crops, people and other 

goods occurs only inside the low and medium -R groups and particularly 



Table 43. Intensity of Land Use and Animal Traction Equipment, 
Bicycles, and Livestock Ownership on the Farm. 

Land Use Group 

1 2 3 
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(High-R) (Medium-R) (Low-R) Sample 

Intensity of Land Use 95.8 
Percentage of Households with 
A.T. Equipment 78% 

Donkey or Horse and A.T. Plow 
Average # per owner-household 1.15 

Percentage of Households with 
Carts 0% 
Average # per owner-household 0 

Percentage of households with 
bi cycles 56% 
Average # per owner-household 1.4 

Percentage of Households with 
cattle 22% 
Average size of cattle on farm 4.5 

Percentage Households with 
goats and sheep 100% 
Average # of goats and sheep 
per Household 7.2 

Note: A.T. = Animal Traction. 

71.4 

63% 

1 

12% 
1 

62% 
1.2 

38% 
5.3 

100% 

5.2 

33.4 

88% 

1 

38~~ 

1 

62% 
1.6 

25% 
4.0 

100% 

7.9 

68 

76% 

1.05 

16% 
1 

60% 
1.4 

28% 
4.6 

100% 

7.0 
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inside the low- R group where 38 percent of households own carts as 

compared to 12 percent in the medium- R group. Overall, only four 

households out of twenty-five in the sample own carts. The statistical 

results suggest in general that ownership of animal traction cUltivation 

and transportation equipment may occur more often among those households 

who use land in a relatively less intensive manner (i .e., the low - R 

group) • 

The ownership of livestock is a major form of savings in the 

study region, especially the ownership of cattle. However, it is 

difficult to access exactly how much cattle is owned by a household 

since it is often entrusted to Flilani herdsmen who live a nomadic 

or semi-nomadic life away from the household's farm. The ownership of 

cattle is a sensitive information that most farmers are not willing to 

give awaY for fear of an increase in their tax load. Furthermore, the 

exact knowledge of such information by the rest of the community is 

likely to increase their social premiums or obligations more than 

their social prestige or status. The households in the sample declared 

no cattle entrusted to the herdsmen, and one may assume that the size 

of the cattle held on the farm more or less reflects the true size of 

cattle owned by the household. 

Among the twenty-five sample households, seven own and hold 

cattle on the farm (i.e., 28%). The on-farm herd of cattle is com

prised of an average of five head of cattle. On-farm cattle ownership 

occurs inside all intensity of land use groups. The statistics shown 

in Table 43 su~gest that the ownership and raising of cattle on the 
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farm may occur more often among the households in the medium intensity 

of land use group than among the households of other groups. The 

probable greater ownership of cattle in the medium intensity of land 

use group coincides with the fact that the average age of the house

hold head is highest in such groups and that the average household 

contains the smallest number of people, has the highest rate of out

migration, and belongs to the smallest families in the village. These 

are four factors which may increase the chances for savings and wealth 

accumulation. Small livestock such as goats and sheep are owned by all 

households with an average of seven goats or sheep per household. 

The value of farm capital in the forms of animal traction 

equipment and livestock, estimated at the end of the 1981 crop season, 

was approximately $500.00 per household and about $80.00 per head in the 

village sample (Table 44). Cash expenses made during the 1981 crop 

season to reimburse credits obtained from the regional development 

agency (ORO: Organisme Regional de Development), along with cash 

expenses made in purchasing new animal traction equipment and other crop 

production fixed and variable inputs, amounted to 12,000 francs per 

household ($43.00). On the average 13 percent of such expenses were used 

to purchase mineral fertilizers (Table 45). Households inside the low 

intensity of land use group appear to spend more on mineral fertilizers 

than other households, and the amount of money spent on mineral ferti

lizers apparently declines from the low intensity of land use group to 

the high intensity of land use group. However, the amount of mineral 
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Table 44. Intensity of Land Use and Average Values of Animal Traction 
Equipment and Livestock on the Farma {evaluated in CFA Francs 
a t the end of the 1981 crop season}. 

Land Use Group 

1 2 3 4 
(High-R) (Medium-R) {Low-R} Sample 

Animal Traction EguiEment 
Donkey and Horse per Hhld. 16»725 18,875 32,375 22,460 
A.T. Plow per Hhld 23,155 19,537 22,795 21,882 
Cart per Hhld. ° 5,884 17,640 7,527 

Average per Household 39,880 44,296 72,810 51,869 
Average per Head 4,431 6,921 8,437 7,105 

Livestock on the Farm 
Cattle per Household 50,000 100,000 50,000 66,000 
Goats and Sheep per Hhld 21,667 15,750 23,625 20,400 

Average per Household 71,667 115,750 73,625 86,400 
Average per Head 10,238 18,143 8,531 11,836 

Livestock and A. T. EguiEment 
Average per Household 111,545 160,043 146,447 138,233 
Average per Head 15,035 25,085 17,500 18,936 

aHhld=Household; A.T.=Animal Traction 
Note: The 1981 average prices used are in CFA francs (1 franc=.36 

cents). Horse: 65,000 francs, Donkey: 21,500 francs, 
A.T. Plow: 26,000 francs, Cart: 47,000 francs. Livestock 
prices are average farm gate prices. Cattle: 50,000 francs, 
Goat: 3,000 francs. All equipment is valued in current prices 
without accounting for depreciation, inflation and discount 
rates. Practically all A.T. equipment was purchased during the 
past six years. 



269 

Table 45. Intensity of Land Use and Crop Production Cash Expenses 
on the Farm during the 1981 Crop Seasona• 

Land Use Group 

1 2 3 4 
(High-R) (Medium-R) (Low-R) Sample 

Annuity and Interest Payment 
on A. T. Equipment per Hhld 521 1,111 529 712 

Cash Outlay to Purchase A.T. 
Equipment in 1981 per Hhld 2,165 13,530 6,250 7,110 

Other Fixed and Variable Costs 
Cash Expenses (seeds, 
fertilizers, tools, repairs, 
etc.) per Hhld 3,500 3,930 4,811 4,050 

Average Seasonal Cash Outlay 
for Crop Production per Hhld 6,186 18,571 11,590 11,872 

Mineral Fertilizer Ex~enses 

Expenses per Hhld 914 1,207 2,481 1,309 

% Variable Input Cash Expenses 26% 31% 52% 37% 

% Total C. P. Cash Expense 15% 7% 21% 13% 

- - - - - - - - - - - - - - - - - - - - - - - - - -

Value of 1981 Cro~ Out~ut ~er 
Hhld 122,812 133,126 128,464 127,921 

Average Seasonal Crop 
Production Cash Outlay as 
Percent of Value of Season's 
Crop Output 5% 14% 9% 9. 3~~ 

aHhld=Household; A.T.=Animal Traction; C.P.= Crop Production 
Note: All figures other than percentages are measured in CFA francs. 
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fertilizers actually applied per hectare during the season follows 

the reverse trend. In 1981 the households inside the medium intensity 

of land use group appear to have spent relatively more money on the 

purchase of animal traction equipment than other households; one may 

recall that fewer households own animal traction equipment in this 

group than in other groups. Overall, total cash expenses on crop pro

duction amount to over 9 percent of the value of the crop output of the 

season in the average sample household. The households in the medium-

R group spent a relatively greater proportion of the 1981 crop output as 

cash expenses (i.e., 14%) than households in other groups. 

Relationship between the Intensity of Land Use, 
Manure Production and Labor Use on the Farm 

The average household produced a maximum of three metric tons 

of fresh organic manure per year (Table 46), that is no more than 

one ton per hectare of cUltivated land per year79. The statistical 

results suggest that a more intensive mode of land utilization 

coincides with a larger production of organic manure per cultivated 

hectare. Assuming that the farmer efficiently applies all of the 

manures produced, the amounts produced remain insufficient when 

79These are manure productions measured during the three months 
following in the harvest of millet where relatively more crop 
processing and consumption occurs. The quantities measured 
during that period were linearly extrapolated to obtain the 
annual productions. Thus, the reported amounts represent 
maximum amounts. 
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Table 46. Annual Manure Productions on the Fann. 

Land Use Group 

1 2 3 
(High-R) (Medium-R) (Low-R) Sample 

Animal Manure (kg/household) 1,850 2,039 1,770 1,883 

Vegetative and mixed manure 
(kg/Hh1d) 1,670 1,150 920 1,260 

Average per Household (kg) 3,520 3,189 2,690 3,143 

Average per Head (kg) 503 500 312 430 

Average per Hectare (kg) 1,386 922 666 950 

Note: Hhld=household 

compared to the minimum recommended level of five tons of manure per 

hectare and per year to raise and maintain soil fertility at an 

average level (Seze, 1979; P;chot et al., 1980). At least 4,000 

additional kilograms of manure per hectare and per year would be 

needed to raise and maintain yields near the potentials of the 

local varieties. 

The average household spent a total of about 2,000 hours on 

food crop production during the 1981 season. That is about 275 hours 

per individual worker and about 600 hours per cultivated hectare 

(Table 47). The average amount of labor applied per hectare 

increases with the average intensity of land use. In other words, 

crop production becomes increasingly labor intensive as the intensity 
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of land use increases. The additional amounts of labor are mostly 

spent on weeding and late ridging (Table 48). There is enough evi

dence in Tables 43 - 46 to suggest that crop production also becomes 

increasingly fertilizer intensive as the intensity of cUltivation 

increases. Nevertheless, there is not enough evidence to suggest 

that it also becomes more capital intensive in the process. 

Relationships between the Intensity of Land Use, 
Help Labor and Labor tosts on the Farm 

About 10 percent of the total labor employed on the average 

farm was provided by outsiders who were invited or hired to help 

during the crop season (Table 49). Such help was mostly requested 

during the harvest period, where it accounted for about one-third of 

the labor used during that period. During the preharvest period, such 

help was requested during weeding and late ridging. The average 

household used only 25 hours of such labor during that period (less 

than 2% of the total production labor). Households inside the medium 

intensity of land use group used more outside help than households in 

the other two groups (14% of total labor) probably because of the 

smaller number of people living in such households and the relatively 

higher average age of the household head. 

The helpers who come mostly from neighbors and relatives' 

households receive mostly food and kind gifts (colanuts, food grains) 

in return for their help. Such kinds of help in the study region 

often come out of the work clubs that farmers form to help one another 
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Table 47. Intensity of Land Use, Total Labor and Animal Traction 
Inputs on the Farma• 

Land Use Group 

1 2 3 
(High-R) (Medium-R) (Low-R) Sample 

Manual Production Labor 
per Hh1d 1,022 1,185 1,132 1,109 

A.T. Production Labor per 
Hh1d 396 360 622 457 

Harvest Labor per Hh1d 385 491 483 450 

Average per Hh1d ',803 2,037 2,237 2,016 
(hours) 

Average per Head 258 318 259 276 
(hours) 

Average per Hectare 710 589 554 609 
(hours) 

Animal Traction Hours 

per Househo1 d 165 173 253 196 

per Head 24 27 29 27 

per Hectare 65 50 63 59 

aHh1d=Househo1d; A.T.=Anima1 Traction 
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Table 48. Intensity of Land Use and Input Allocation per Hectare on 
the Farm. 

CROP PRODUCTION 
Manual Labor 

Field Clearing (hrs/ha) 
Seedbed Preparation and 

Planting (hrs/ha) 
Weeding (hrs/ha) 
Late Ridging (hrs/ha) 

Total 

A.T. Labor 

1 
(High-R) 

42 

129 
182 
50 

403 

Seedbed Preparation (hrs/ha) 34 
Weeding (hrs/ha) 71 
Late Ridging (hrs/ha) 

Total 

Capi ta 1 F1 ow 
Seeds (value in CFA 

49 
154 

francs/ha) 2,256 
A.T. hours seedbed 

preparation/ha 14 
A.T. hours weeding/ha 29 
A.T. hours late ridging/ha 22 , . 

Total A.T. Hours 65 

CROP PRODUCTION LABOR/HA 557 
CROP HARVESTING LABOR/HA 152 
PRODUCTION AND HARVEST LABOR 710 

APPLIED FERTILIZERS 
Organic Fertilizer (kg/ha) 780 
Mineral Fertilizer (kg/ha) 8.7 

Land Use Group 

2 3 
(Medium-R) (Low-R) Sample 

34 

128 
147 

31 

340 

32 

46 

26 
104 

533 

16 

22 

12 
50 

444 

141 
585 

425 
7.3 

52 

100 
117 

11 
280 

64 

59 
28 

154 

915 

24 
25 
14 
63 

434 
120 
554 

335 

5.2 

43 

120 
145 
28 

336 

47 
58 
30 

139 

1 ,131 

19 

23 

15 
59 

482 
138 

620 

487 
7.0 
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Table 49. a Intensity of Land Use, Amounts and Costs of Help Labor. 

Help Labor Hours per Household 

for Crop Production 

for Harvest 

Total 

Percentage of Total Labor 

Labor Costs 

1 
(High-R) 

26 

140 

166 

9.2% 

Production Labor Expenses 674 

Average Cost per Hour 26 

Harvest Labor Expenses 2,700 

Average Cost per Hour 20 

Total Help Labor Expenses 

per Household 

per Head 

per Hectare 

3,374 

482 

1,328 

Land Use Group 

2 3 
(Medium-R) (Low-R) Sample 

37 

250 

287 

14.0% 

1,375 

37 

4,205 

17 

5,580 

872 

1,613 

12 

113 

125 

5.6% 

490 

41 

2,265 

20 

2,755 

320 

682 

25 

167 

162 

9.5% 

875 

35 

3,173 

19 

4,048 

554 

1,223 

aA1l costs are measured in 1981 CFA francs per household. 



during the crop season in order to relax the major work timing 

constraints. Therefore, any farmer who is a Inember of such clubs 
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at one time or another returns the help received from his partners. 

Even when such help is not provided by a work club, social relation

ships and obligations between the parties involved affect wages so 

that the compensations received by the workers cannot be seen as 

true competitive wages. The values of such compensations were 

observed to vary between zero and 100 francs per hour of labor for 

various tasks while it was generally believed that the true rural 

wage in the region in 1981 was somewhere in the neighborhood of 50 

francs per hour of work. Within the village sample, the average value 

of foods and gifts received by workers was about 35 francs per hour 

during the preharvest period (13 cents) and only about 20 francs 

during the harvest period (7 cents). In real terms, such costs 

correspond respectively to .66 kilograms and .33 kilograms of millet 

grain per hour of labor. One explanation for the wage difference 

is probably farmers' belief that late harvesting is less costly 

than late weeding. This would explain the increase in the interfarm 

supply of labor during the harvest period. 



Relationships between the Intensity of Land Use, 
Labor and Fertilizer Invest~nts in Soil Quality 

As shown in Table 50, the a.verage household spent about 120 

hours to transport and apply organic and mineral fertilizers in 

the fields during the 1981 crop season. That is about 36 hours 

per hectare or 7.5 percent of production labor and 6 percent of 

the total production and harvest labor. The average amount of 

fertilizers applied by the average household as reported by the 

farmers were 500 kg of organic manure, and 7 kg of mineral fertili

zer per hectare cultivated. 

277 

Table 50. Intensity of Land Use and Labor Invested in Soil Fertility 
Management on the Farm. 

Land Use Group 

1 2 3 
(High-R) (Medium-R) (Low-R) Sample 

Slash-burning & Dykes 
(hours/Hhld) 107 117 212 144 

Fertilizer transportation and 
application (hours/Hh1d) 125 112 128 122 

Total 
(hours/Hhld) 232 229 340 266 

Note: Hhld = household 
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The average household spent about 145 hours of labor during 

the crop season to clear old fields, open up new fields and slash and 

burn trees, bush and crop residues. The households in the low 

intensity of land use group naturally spent more labor on such 

activities (212 hours per household) since they clear fallows more 

often than households in the other groups (about 110 hours per house

hold). Those households which slashed and. burned fallows in the lowland 

vertisoil areas spent about 170 hours per hectare in doing so. While 

the amount of labor used by the household to slash and burn fallows 

declines as the average intensity of land use increases, the total 

amount of labor used for the transportation and application of ferti

lizers per household remains practically constant. 

Overall, the average household spent a total of 266 hours of 

labor to clear the land, to burn the residues and to transport and apply 

fertilizers in the field in 19B1. Such labor hours, in addition to the 

value of organic and mineral fertilizers applied, represent the bulk 

of investments in land quality during the crop season with residual 

effects expected for the next two to five years. By applying to such 
. M 

factors the lower average cost of help labor , and the lowest marginal 

value product of organic fertilizers estimated during the yield function 

analysis (2.11 francs per kg), one comes up with 13,B90 francs as the 

BOThe opportunity cost of labor during field clearing and burning is 
likely to be lower than the opportunity cost of labor in the middle of 
the crop production period. The opportunity cost of labor during 
harvest is probably closer to the opportunity cost of labor at the very 
beginning of the crop season. 
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total value of those fertilizers and labor' resources invested in land 

quality on the average farm during the 1981 crop season. That is about 

11 percent of the total value of crops produced during the 1981 crop 

season. Such a percentage increases from 8 percent in the low-R group 

to 10 percent in the medium-R group and to 12 percent in the high-R 

group. Thus, the net propensity to invest in land quality tends to 

increase with the average intensity of land use. 

Relationship between the Intensity of Land Use, 
Crop Output and Consumption in the Household 

The relevant statistics appear in Tables 51 and 52. The value 

of all crops produced by the avearge household during the 1981 season 

was abqut 128,000 francs per household ($460.00). It remained prac

tically the same across all intensity of land use groups. The value of 

the crop output per head was about 17,500 francs ($62.50). It was 

relatively higher in the medium-R group than inside the other two groups 

(Table 51). The average sample household produced about 39,000 francs' 

worth of food grains per hectare. The average value of the yield per 

hectare increases with the average intensity of land use from 32,000 

francs per hectare in the medium-R group and to 48,000 francs per hectare 

in the high-R group. The rural market value of the crop per hour of 

total production and harvest labor was about 64 francs during the 

1981 season (23 cents) for the average sample household. As shown by 

the statistics in Table 51, the average value of output per hour of 

labor increased with the average intensity of land use. 
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Table 51. Intensity of Land Use, Amounts and Grain Composition of 
Fann Output. 

Grain Output (kg/Hhld) 

Millet 
White Sorghum 
Red Sorghum 
Maize 
Rice 
Groundnuts 
Cowpea 
Pigeon Pea 

Total Grain Produced (kg) 

1 
(High-R) 

445 
158 

1,637 
136 

o 
28 
65 
o 

per Household 2,469 
per Head 353 
per Hectare 972 
per Hour of Production Labor 1.75 
per Hour of Total Labor 1.37 

Value of Output (CFA francs) 

per Household 
per Head 

122,812 

per Hectare 
per Hour of Production Labor 
per Hour of Total Labor 

Note: Hhld=Household. 

17 ,545 
48,352 

87 
68 

Land Use Group 

2 3 

(Medium-R) (Low-R) Sample 

640 
147 

1,490 
150 

3 

7 
96 
56 

2,586 
405 
748 

1.69 
1.28 

133,126 
20,866 
38,476 

86 
65 

475 
296 

1,283 
85 
32 
61 

158 
o 

2,390 
277 
592 

l.37 
1.07 

517 
199 

1,478 
124 

12 
32 

105 
18 

2,482 
340 
750 

1.61 
1.25 

128,464 127,921 
14,886 
31,800 

73 
57 

17,535 
38,670 

82 
64 
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In real tenms, the average sample household produced about 2,500 

kilograms of food grains during the 1981 season with red sorghum as the 

major food grain (Table 51). Such an average remained approximately the 

same across all intensity of land use groups. An average of 340 

kilograms of food grains was produced per household resident, the 

average was smaller in the low- R group (277 kg) than in other groups 

(360 to 405 kg) because of the larger number of residents in the low - R 

households. About 750 kilograms of grains were produced per hectare in 

the average sample household. The yield increases from about 600 kg per 

hectare in the low-R group to 750 kg per hectare in the medium-R group 

and to about 1,000 kg per hectare in the high - R group. The average 

amount of food grains produced per hour of total production and harvest 

labor was about 1.25 kilograms in the whole village sample. It increases 

with the average intensity of land use from 1.10 kg in the low - R group 

to about 1.30 kg in the medium-R group and to 1.40 kg in the high-R 

group. 

Regarding consumption, the average household consumed, with two 

major meals a day, about 5.40 kg of food grains per day in 1981. That 

is about .74 kg per household resident and per day (Table 52). 

Consumption was measured during the three months following the harvest 

of millet and probably represents a maximum. The average amount of food 

grains consumed per head and per day rises slightly from .64 kg in the 

low - R group to .74 in the medium - R group and to .84 in the high - R 

group. This can be positively related to the proportion of adult workers 

in the households. 



282 

Table 52. Intensity of Land Use, Food Grain Consumptions and Total 
Daily Meals Produced per Crop. 

Millet (kg/day) 
White Sorghum (kg/day) 
Red Sorghum (kg/day) 

Average 

Da;l~ ConsumEtion of Each CroE 
Grai ns Eer Head 

Millet (kg/day/head) 

White Sorghum (kg/day/head) 

Red Sorghum (kg/day/head) 

Average 

1 
(High-R) 

6.16 
5.74 
5.67 

5.86 

.88 
(.37) 

.82 
(0 ) 

.81 
(.30 ) 

.84 

Total Daill Meals Produced Eer Household 

Millet (days) 72.2 
Whi te Sorghum (days) 27.5 
Red Sorghum (days) 288.7 
Ri ce and Legumes (days) 15.9 

Total 404.3 

Surplus over 365 days (days) 39.3 

Land Use Group 

2 3 
(Medium-R) (Low-R) Sample 

5.36 5.35 5.65 
3.70 5.44 5.00 
4.85 5.70 5.42 

4.64 5.50 5.36 

.84 .62 .79 
(.34 ) (.05 ) (.17) 

.58 .63 .68 
( .14) ( .07) (.06 ) 

.76 .66 .75 
( . 32) (.10) ( .16) 

.73 .64 .74 

119.4 88.8 91.5 
39.7 54.4 39.8 

307.2 225.1 272.7 
34.9 45.6 31.2 

501.2 413.8 435.2 

136.2 48.8 70.2 

Note: Figures in parenthesis are standard deviations. 
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Given the total amount of grains of each crop produced and the 

average amounts of each crop consumed per day, the total amounts of 

daily meals produced by the households were computed (Table 52). The 

average sample household produced about 435 days of grain meals in 

1981. It, therefore, produced a surplus of about 70 days of grain meals. 

The average household inside the medium intensity of land use group 

produced relatively more grain meals (500 d~ys of grain meals) than the 

average household inside the other groups (400 days of grain meals). 

The average household in the medium intensity of land use group, there~ 

fore produced a greater surplus of grains (135 daily grain meals) than 

the average households inside the other groups (40 dai ly grain meals). 

The relatively smaller number of consumers inside the medium intensity 

of land use group may provide one of the explanations for such a 

difference. 

Finally, the evolutions of the crop mix and of the consumption 

mix show that the household produces greater amounts of red sorghum and 

smaller amounts of cowpea as the intensity of land use increases. The 

relative importance of red sorghum in the consumption mix also increases 

in the process. 

In summary, the above results all together imply that 

(1) Farm output remains fairly stable along the intensity 

of land use scale; i.e., an increase in the intensity 

of land use has no significant effect on the total farm 
,,'J ." 

output. 
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(2) With total farm output maintained at a more or less 

constant level, input substitutions, crop and cropping 

techniques substitutions are the major components of 

the cropping system's adjustment mechanism as the 

i ntens i ty of 1 and use increases. 

(3) The changes in technology and in resource allocation 

that accompany an increase in ·the intensity of land 

use lead to an increase in the average productivity 

of labor. 

(4) The intensification of land use is accompanied by a greater 

propensity to save and to invest in land quality and in farm 

capital formation when out-migration reduces the size of 

the household without reducing its worker/dependent ratio 

and if a sufficient amount of land is available for a semi

permanent cultivation system (i.e., rnedium- R group). 

Farm Level Resource Productivities 
and Allocative Efficiencies 

This section is designed to obtain estimates of marginal 

productivities that are readily applicable to the whole farm and to 

use such estimates to evaluate allocative efficiency and compare the 

overall resource productivity across the three groups of households. 

Marginal Productivities and Allocative 
Efficiency 

The major productivity estimates sought in this section are the 

marginal productivities of the total hand tool labor and of the total 



animal traction labor that are used for all cropping activities on 

the farm. Additional productivity estimates for land and fertili-
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zers are also obtained in this section using mostly inter-farm varia

tions in inputs and outputs. 

The production functions used in estimating the resource 

productivities have either one of the following implicit forms: 

(1) G (V, A, Qma' Qf' MN, ATN) 

(2) G (V, A, Qmp' Qf' MN, ATN) 

where V is the farm crop output. The marginal physical product (MPP) 

estimates are obtained with V measured in kilograms of food grain. The 

marginal value product (MVP) estimates are obtained with V measured 

in CFA francs using the rural market retail values of the crops. 

A, is the cultivated area measured in hectares 

Qma' is the amount of dried manure applied by the household 

during the 1981 crop season. It is measured in kilograms. 

Qmp' is the total amount of fresh manure produced by the 

household during the 1981 crop season, and it is 

measured in kilograms. Unlike Qma' which is obtained 

in interviews with farmers, Qmp is obtained from actual 

measures and may provide a better indication than Qma 

of the household's ability to apply organic fertilizers. 



Qf' is the amount of mineral fertilizer applied during the 

1981 crop seasons. It is measured in kilograms. 
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MN and ATN are respectively the total amounts of hand tool 

labor employed in all crop-production activities and the 

total amount of animal traction labor employed in all 

crop-production activities. They exclude harvest labor 

and are measured in hours. 

The production functions were specified using the Cobb-Douglas 

and the linear functions. The empirical models can be briefly described 

as follows: 

Models 5: Linear Models 

Y = a + ~a.X. + ~ o . 1 1 
1 

Models 6: Cobb-Douglas Models 

Y = 8 IT X .8j + v 
o j J 

Y indicates the crop output and X indicates the vector of 

explanatory variables. The above models are estimated with the two 

different sets of explanatory variables shown previously in the implicit 

form (l) and (2) of the estimated production functions. 

In Models (5.1) and (6.1) X = [A, Qma' Qf' MN. ATN] 

In Models (5.2) and (6.2) X = [A, Qmp' Qf' MN, ATNJ 
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a and a in the model specifications stand for the parameters 
, 

of the production function. u and v stand for the error terms. 

The parameter estimates were obtained with Ordinary Least 

Squares. Simple production functions estimates were preferred to al

ternative translog production functions, profit function or cost 

functions because of the small size of the sample (25 households) and 

because of the non-existence Df competitive markets for land and farm 

labor in the study area. The parameter estimates of the simple pro

duction functions specified above were obtained from inter-farms 

variations on one hand and from inter-fields variations on the other 

hand. In the first case output and explanatory variables, as measured 

for each of the 25 households, were used. In the second case~ output and 

explanatory variables, as measured for each of the 185 fields in the 

village sample, were used. The Cobb-Douglas function fitted the data 

almost as well as the linear function. The Cobb-Douglas estimates appear 

in Table 53. These estimates were selected for the discussion to follow 

mostly because of their theoretical advantage over the linear estimates 

(i.e., possible diminishing marginal productivities and non-additivity). 

The estimates of the linear production function appear in the Appendix. 

As one may notice from Tables 53 and 54, the parameter estimates 

obtained from the inter-field variations are quite similar to those 

obtained from the inter-field production functions of Chapter 5 with a 

larger number of explanatory variables. This remark implies that little 

estimation bias result from the absence of the other explanatory 

variables from the estimated equations. The remark, however, applies 

only to the parameter estimates of land and fertilizers, since the 



Table 53. Regression Coefficients of Farm Level Cobb-Douglas Production Functions. 

Variables Used in De~endent Variable 

the Estimation Grain Out~ut (kilograms} Value of Out~ut {CFA francs) 
Inter-Farm Variations Inter-Field Inter-Farm Variations Inter-Field 

Variations Variations 

Statistical Model (6.1) (6.2) (6.1) (6.1) (6.2) (6.1) 
Degrees of Freedom 19 19 179 19 19 179 
Land (A) in hectares .135 .119 .358*** .233 .216 .317*** 
Organi c Fe rti 1 i ze rs .051* .107*** .059* .104*** 
Applied (Qma) in kg (1. 54) (4.37) {l.85 } (3.70) 
Organic Fertilizers .042 .045 
Produced (~p) in kg ( .92) (1.06) 
Mineral Fertilizer .009 .010 .050 .011 .012 .070 
Applied (Qf) in kg ( .22) ( .23) ( .67) (.26) ( .28) ( .87) 
Hand Tool Labor .181 .222 .277*** .142 .186 .229** 
(MN) in hours (1.07) (1. 25) (3.30) ( .88) (1.07) (2.40) 
Animal Traction Labor .187** .217** .132*** .175*7" .209*** .058 
(ATN) in hours (2.51) (2.87) (2.90) (2.48) (2.85) (1.12) 
Constant Term 4.92*** 4.49*** 4.00*** 9.04*** 8.58*** 8.42*** 

(4.49) *3.56) (8.13) (8.66) (7 • 01 ) (15.02) 

R2 .662 .638 .552 .713 .680 .369 
[2 .573 .542 .539 .637 .596 .. 351 
F 7.44 6.68 44.09 9.43 8.07 20.94 

N 
co 
co 
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Table 54. Farm-Level Marginal Productivity Estimates from the Cobb
Douglas Production Functions. 

Variables 

Variations Used for the 
Estimation 

Inter-Farm Inter-Fields 
Variations Variations 

Statistical Model 
(6.1) (6.2) (6.1) 

A. Marginal Physical Products (MPP) Estimates in Kilograms of Grain 

Land (hectares) 105.5 93.4 376.0 
Organic Fert1izer Applied (kg) .21 2.20 
Organic Fertilizer Produced (kg) .050 
Mineral Fertilizer Applied (kg) 2.60 2.83 5.10 
Hand-tool Labor (hours) .43 .53 .72 
Animal Traction Labor (hours) 1.42 1.65 1.62 

B. Farm Level Marginal Value Products (MVP) in CFA Francs 

Land (hectares) 9,362 8,702 18,000 
Organic Fertilizers Applied (kg) 12.0 125.0 
Organic Fertilizers Produced (kg) 2.4 
Mineral Fertilizer Applied (kg) 153.0 170.0 667.0 
Hand Tool Labor (hours) 18.0 22.7 .35.3 
Animal Traction Labor (hours) 69.0 82.0 46.8 
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labor factors are differently specified in the two types of inter-field 

production functions. Nevertheless, the similarity between the 

parameter estimates of the common variables implies that the overall 

productivities of hand tool labor and of animal traction labor suggested 

by the simple inter-field production function estimated in this Chapter 

are also consistent with the productivity estimates obtained in Chapter 5 

for labor used in each cropping activity. The greater degrees of 

freedom allowed by the inter-field variations is another reason why the 

productivity estimates of the simple inter-field production function 

shown in Tables 53 and 54 are probably more reliable than the produc

tivity estimates of the two inter-farm production functions shown in 

the same tables. 

However, this holds true mostly for variables such as land and 

labor whose observed values are rarely equal to zero. The parameter 

estimates of organic and mineral fertilizers suggested by the simple 

inter-field production functions are likely to be biased upward because 

of the large frequency of zero applications of fertilizers that are 

observed across fields. Across farms, however, the frequency of zero 

applications of fertilizers is minimized so that the estimates of 

fertilizers productivities provided by the inter-farm production functions 

are likely to be more reliable than those suggested by the inter-field 

Cobb-Douglas production functions. The farm level aggregations are 

also likely to minimize the adverse effects of random measurement errors 

on the productivity estimates. However, the inter-farm variations occur 

over a small range of input and output values so that the confidence 
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of the inter-farm production function estimates are lower than those of 

the inter-field production function estimates. Thus, in order to mini

mize the Type II errors one may retain for the discussion to follow 

the productivity estimates of land and labor as suggested by the inter

field production functions, and the productivity estimates of fertilizers 

as suggested by the inter-farm production functions. 

The productivity estimates of Tables 53 and 54 suggest that the 

overall marginal physical product (MPP) of hand tool labor used during 

the crop production period is about .70 kilogram of grain per hour while 

the marginal value product (MVP) is about 35 francs per hour. These 

marginal productivity estimates of hand tool production labor are quite 

similar to the average costs of help labor discussed in the previous 

section. Therefore, since almost all the help laborers use hand tools, 

one may argue that the farmer, during the crop production period requests 

help labor up to the point where its direct marginal cost is approxi

mately equal to the marg1nal productivity of labor over all the crop 

productio~ activities. Furthermore, since the help labor during the 

crop-production period is almost entirely requested for weeding and late 

ridging, one may conclude that it receives a direct compensation far 

below its marginal productivity. This is true if one takes into account 

the productivity estimates obtained in the last chapter for labor em

ployed on weeding (1.39 kg/hr or 107 francs/hr) and for labor employed 

on late ridging (7.5 kg/hr or 490 francs/hr). In addition, the statis

tical results suggest that labor is employed up to the point where its 

MPP is approximately equal to the daily food grain consumption by the 

average household resident (i.e., .72 kg). 
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The MPP of animal traction labor i~ estimated to be about 1.60 kg 

of food grain or 47 francs per hour of work. The marginal productivity 

of animal traction labor over all crop production activities, therefore, 

is higher than that of hand tool labor. With productivity measured in 

terms of food grain, the marginal productivity of animal traction labor 

is at least twice as hi~h as that of hand tool labor. 
Assuming that the animal traction equipment lasts an average of 

ten years, it costs the average farmer at least 6,500 francs for approxi

mately 200 hours of use per season (Tables 44, 46 and 53) without 

accounting for maintenance costs. This estimation is based on prices 

and interest rates charged by the regional development agency in 1981. 

Given the fact that it takes 2.3 people to work with the animal traction 

equipment (Table 45), it costs about 113 fanes to use the animal traction 

equipment for one hour during the cropping season (including 2.3 hours 

of labor valued at 35 francs per hour). Since one hour of use of the 

animal traction equipment is completed with 2.3 animal traction labor 

hours, the marginal productivity of the animal traction unit is about 

108 francs for one hour of employment. Therefore, the marginal pro

ductivity of the animal traction unit is practically equivalent to its 

marginal cost. These computations ignore the maintenance costs of the 

animal traction equipment but they also ignore other benefits derived 

from the use of the donkeys and carts during the year. 

The marg~nal productivity of the mineral fertilizer known as 

Engrais Cotton is at least 2.60 kilograms of food grain or 150 francs 

for one kilogram of the fertilizer. That is over three times the 

kilogram-price at which the fertilizer was sold to farmers by the 
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regional development agency in 1981. One may, therefore, argue that 

the benefit-cost ratio of the mineral fertilizer is at least equal 

to 3 in the study area. 

The marginal productivity of one kilogram of organic fertilizer 

is about .21 kilogram of food grain or 12 francs when considering 

quantities obtained from farmers' recalls. The marginal productivity 

is about .05 kilogram of food grain or 2.4 francs for one kilogram of 

the yearly production of manure on the farm. The observed difference 

in productivity can be related to differences in the quantities and the 

qualities of the two measures of organic fertilizer. (l) The manure 

production as estimated from measures carried out on the farm is larger 

than the quantities recalled by the farmer. (2) The organic manure 

applied by farmers was drier than the manure with which the household 

manure production capacity was evaluated. However, actual applications 

of organic fertilizers are likely to be closer to the estimated manure 

production capacities of the household. This is because, unlike other 

inputs, the application of organic fertilizers begins before the 

beginning of the crop season and can be the object of greater recall 

errors. Therefore, the marginal productivity of the organic fertilizer 

is probably approximately .05 kilogram of food grain or 2.4 francs per 

kilogram. This productivity estimate is practically identical to that 

suggested by the linear inter-field production functions discussed 

in Chapter 5 and shown in the Appendix. 

The organic fertilizer is not sold and, therefore has no market. 

As a by-product of animal husbandry and of home food processing and 
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consumption, it bears no direct cost to the farmer and has a visible 

price in the neighborhood of zero. The marginal productivity of the 

organic fertilizer is. therefore, above its visible price. 

The marginal productivity of the average quality land is about 

375 kilograms of food grain or 18.000 CFA francs per hectare. Land 

has no visible market, and its acquisition cost in the form of trans

action costs and social obligations is difficult to evaluate. So;s 

its use cost in the form of travel cost between the house and the 

field, and in the form of net benefits forgone by removing the land 

from fallow. However, since fallowed lands exist in the study area, 

one may conclude that their marginal productivity is probably lower 

than or equal to their marginal acquisition and use cost. 

The sums of the output elasticities suggested by the simple Cobb

Douglas production function estimates are nominally less than one every

where. However, the sum of the selected output elasticities is not 

statistically different from one at the .05 level. Therefore, returns 

to scale are probably constant in the whole cropping system as previously 

suggested by the inter-field production functions analysis in Chapter 5. 

They may be declining when the fifth ring type of management practices 

are used on over 60 percent of the cultivated area. 

In conclusion, the results discussed in this section suggest that: 

(a) Given the uncertainty surrounding the rainfed crop pro

duction process and given risk aversion, the average 

farmer operating at a constrained equilibrium manages 

resources so as to approximately equate marginal cost 

and marginal benefit or to maintain marginal benefit 
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above marginal cost. He, therefore, allocates the avail

able farm resources efficiently within the crop produc

tion system. 

(b) Assuming that seasonal labor shortages and the seasonal 

and rainfed natures of the agriculture prevent yield 

increases through a simple reallocation of labor among 

the various cropping activities, increases in the 

quantities of fertilizers that are used are probably, over 

the short run the most feasible and economic ways of 

increasing yields within the village's crop production 

system. 

{c} Given the high marginal productivity of the average 

quality land, measures to reduce the acquisition and use 

costs of land that will enable the farmer to cultivate 

a greater amount of land are likely to raise the average 

farm's income. 

Intensity of Land Use and The 
Returns to Land and Management 

Farm budgeting offers another way of evaluating the returns 

to land and management under different soil and crop management systems. 

This section uses a simple crop production bugdet to evaluate the 

returns to land and management within each of the three intensity of 

land use groups of households. The average costs of help labor 

discussed in the previous sections {i.e., 35 francs/hour for crop 
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production, 20 francs/hour for harvest) were used to measure the total 

costs of labor inputs employed during the crop season to produce and 

harvest the crops. The cost of the animal traction equipment used 

during the crop season, the cost of seeds, mineral fertilizers and 

the cost of other variable inputs were measured using their rural 

market prices. The marginal productivity estimate of organic 

fertilizers (i.e., 2.4 francs per kilogram), obtained from the 

regression analysis discussed earlier in thi's Chapter, was used to 

obtain the opportunity cost of the organic fertilizers. The total 

returns to land and management were computed as the residuals of 

output obtained by subtracting the costs mentioned above from the 

total rural market value of the farm's crop output. 

The results of the simple budgeting exercise appear in Table 55. 

They clearly suggest that the returns to land and management per 

cultivated hectare increase with the average intensity of land use. 

Therefore, one may conclude that the average productivity of the land 

as well as the overall productivity of the cropping system increase 

with the intensity of land use. This, once again, is mostly the 

result of the adjustments in soil and crop management techniques 

that occur within the crop production system as exogenous factors 

force the latter to intenSify the utilization of the land. 
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Table 55. Intensity of Land Use and Crop Production Budget Averages 
per Household (1981 CFA francs). 

Value of Output 

Inputs-Costs 

A.T. Equipment seasonal 
costs of services: 

Principals: 
1981 Interests: 

Repairs and Variable Inputs 
Seeds 
Labor (including Help Labor) 

Producti on [Manual 
Labor A.T. 

Harvest Labor 
(A.T. and Manual) 

Organi c Manures 

Net Income = Returns to Land 
and Management 

Net Income per Hectare 
Cultivated 

1 
(High-R) 

122,812 

3,988 
997 

3,500 
5,730 

35,770 

13,860 

7,700 

8,448 

42,980 

16,921 

Land Use Group 

2 3 
(Medium-R) (Low-R) Sample 

133,126 

4,429 
1,107 
3,930 
1,822 

41,475 

12,600 

9,820 

7,654 

50,289 

14,704 

128,464 127,921 

7,281 
1,820 
4,811 
3,697 

39,620 

21,770 

9,660 

6,456 

33,349 

8,255 

5,182 
1,296 
4,050 
3,829 

38,815 

15,995 

9,000 

7,543 

42,210 

12,752 

Sources: Tables 44 to 52. A.T.=Animal Traction; all Figures are measured 
in 1981 CFA francs. 

Note: A.T. equipment is assumed to last a lifetime of ten years, the cost 
of each year's flow of services is computed as the 1981 value of 
new equipment divided by ten plus the annual share of the total 
interests paid on the equipment which financing by the Regional 
Development Agency calls for four and one half years of payments. 
Labor is priced at the food and gifts cost of help labor: Produc
tion labor 35 francs/hr, harvest labor; 20 francs/hr. Manure is 
priced at the lowest MVP of applied organic manure (2.4 francs/kg) 
and the quantities used are the estimated yearly productions. 



RelationshiV between Farm Output and 
The So; -Crop Management Mix 
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In order to evaluate the effect of each ring of management 

practices on the total farm output, the latter was regressed on the 

farm area under each of the five management rings. The following 

empirical linear model was used in estimating the relevant parameters8l : 

Model 7 

where: V is the total farm output measured in kilograms (Vg) or in 

francs (Vv). Aj is the cultivated farm area under the jth management 

ring Aj is measured in hectares. u is the error term, and S stands 

for the vector of parameters. The latter were estimated by Ordinary 

Least Squares. The results of the regression exercise appear in Table 56. 

The regression results suggest that, statistically speaking 

the largest returns to the farm land are provided by the fields 

inside the first and the second rings. These are followed in a 

declining order by the fields inside the fourth, the third and the 

fifth rings. However, because the amount of land devoted to the 

81 An alternative square-root model was also specified and used to 
estimate the parameter estimates, but the results of the 
regression analysis were less satisfactory than those provided 
by the linear model. 



Table 56. Regression Coefficients of the Farm Output-Management 
Mix Production Function (Linear Approximations) 

DeEendent Variable Y 

Explanatory Variables Farm Output Farm Output 
y • Y g' v 

(Kg of Grai n) (CFA Francs) 

Area under Ring 1 

Area under Ring 2 

Area under Ring 3 

Area under Ring 4 

Area under Ring 5 

Constant Term 

1851 
(.79 ) 

1638*** 
(4.96) 

568+ 
( 1.48) 

865** 
(2.62) 

160 
(1.17) 

614* 
(1. 65) 

.676 

.590 

7.92 

79056 
(.70 ) 

78101*** 
(4.88) 

24587+ 
(1.32) 

39049** 
(2.45) 

13441** 
(2.03) 

29171+ 
(1. 62) 

.696 

.616 

8.70 

Notes: All the explanatory variables are measured in hectares. 

The figures in Parentheses are the t-statistics 

+=significance between .20 and .10; 
*=significance at .10 

**=significance at .05 
***=significance at .01 
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first ring-types of management practice is usually very small and 

does not vary much from one farm to another, the tota 1 farm output 

depends mostly on how much land is subjected to the second ring-type 

of management practices on the farm. In other words the farm output 

depends mostly on how much of the farm land is covered by permanent 

red sorghum fields. Besides the second ring, the other management 

rings whose relative importance on the farm significantly affects 

the size of the farm output are in a declining order the fourth ring 

and the third ring. The amount of land de~oted to the fifth ring

type of management practices has no statistically significant effect 

on the total amount of food grain produced on the farm. However, 

it does have a significant effect on the market value of the farm 

output. This is because the average price of the crops produced 

inside the fifth ring (at least 58 francs/kg) is much higher than the 

average price of red sorghum (35 francs/kg) which is the major crop 

inside the inner rings. Nevertheless, land remains less productive 

inside the fifth ring than inside the other rings. 

The consequence of the above. is that as land becomes relatively 

more scarce and the household becomes more preoccupied with achieving 

the food self-sufficiency goal, greater proportions of the farm area 

are subjected to the intermediate ring-types of management practices 

(i.e., rings 2,3 and 4). This is shown by the statistics presented 

in Tables 42 and 52. An examination of Table 42, for instance, 

indicates that the proportions of farm area inside the intermediate 

rings increase from 28 percent inside the low-R group to 37 percent 
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inside the medium-R group, and finally to 47 percent inside the high-R 

group. The. increases are, however, most remarkable for the second 

ri ng. In the process, the propOl'ti on of farm area under the fi fth 

ring-type of management practices declines from 70 percent in the low

R group to 60 percent in the medium-R group, and finally to 50 percent 

in the high-R group. 

Given the indications by the statistical results obtained in 

Chapter 5 that returns to scale are probably declining in the fifth 

ring while they are more or less constant in other rings (Table 38), 

and that the farm resources are more productive inside the intermediate 

rings than inside the fifth ring (Table 39), the gradual increase in 

the proportion of the farmland subjected to the intermediate ring-types 

of management practices progressively raises the overall resource pro

ductivity on the farm. This is demonstrated by the increasing returns to 

land and management discussed in the preceeding section of this chapter 

and shown in Table 55. 

Therefore, one may conclude from the above results that the 

crop production system adjusts itself to pressures that lead to an 

intensification of the utilization of land by emphasizing the CUltiva

tion of the most productive food crop (i.e., red sorghum) and by pro

gressively extending the most productive soil-crop management tech

niques (i.e., intermediate rings) to the entire farm so as to achieve 

an increasingly permanent mode of cultivation. The overall physical 

and economic resource productivities of the cropping system gradually 

increase in the process. 



CHAPTER 7 

SUMMARY AND CONCLUSIONS 

This chapter is designed to briefly restate the major 

objectives pursued in this study, to summarize the major res~lts 

obtained in completing these objectives and to draw conclusions 

based on the implications of these results. 

Summary of Results 

Ojbective A 

The first objective was to construct a framework suitable 

for an analysis of the technical and economic aspects of a typical 

village farming system in the West African semi-arid region. This 

objective was completed in Chapter 3 by defining soil-crop management 

practices with the following management variables: (1) crop 

sequences or crop rotations, (2) crop association, (3) the employment 

of fallow and (4) the employment of fertilizers. A field was then 

said to be the object of a given soil fertility management practice 

depending on the nature of the vector defined by the management 

variables specified above. Contingency tables were used to show 

how the fields cultivated in four different farming systems of Upper 

Volta could be classified in management classes, depending on the 

values taken by each of the farm management variables specified earlier. 
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Objective B 

The second objective consisted of using the analytical 

framework obtained above to systematize, describe and explain 

the crop production system inside a typical Mossi Village of 

southern Upper Volta in relation to it~ soil fertility management 

component. 

This objective was also completed in Chapter 3. It led to 

the identification of five sets of soil-crop management practices 
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that correspond to five different levels of land use intensification. 

It has also been observed that when concentric circles are concep

tually drawn around the compound of a typical peasant household, the 

majority of the fields that are subjected to the highest intensity of 

land use practices are found inside the rings close to the household's 

compound. On the other hand, the majority of the fields that are the 

object of the lower intenSity of land use practices are found inside 

the rings located further away from the compound walls. For such a 

reason, the crop production system was said to be composed of five 

management rings. Each jth management ring is made out of all the 

fields that are subjected to the jth set of managment practices. 

The technical characteristics of the five management rings were 

fully described in Chapter 3. 

Overall, the spatial organization of the cropping system 

in management rings as well as the pattern of resource allocation 

across the rings are fairly consistent with the Von ThUnen location 

theory. (Leigh, 1946). Cultivation is increasingly labor and fertilizer 



intensive from the low intensity of land use ring to the high 

intensity of land use ring. Red sorghum which is the major food 

crop and also the major cash crop in the village area is the object 

of greater intensities of land use than the other major staple food 

items such as millet and white sorghum. 

An analysis of the determinants of the crop production 

system revealed that the crop production system is structured so as 

to satisfy a set of goals following a certain priority order and to 

make the best use of all the resource available on the farm by 

minimizing risks and production costs when satisfying the desired 

goals. The major determinants of the soil-crop management mix, 

defined by the relative importance of each management ring on the 

farm, are the production and consumption goals of the household. 

The most important goal is that of achieving self-sufficiency in 
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food crop production. The other major determinants of the management 

mix are land availability, access to land and land tenure, soil types 

and soil fertility, distance to fields and transportation costs, the 

availability of means of transportation and the availibility of labor, 

of manures and of cash resources to purchase mineral fertilizers. In 

addition, there are the social and economic values of the crops pro

duced, the amounts and compositions of grain stocks, crop-livestock 

interactions, the timings of the crop production activities (planting, 

weeding, ridging, harvesting) for each of the crops produced on the 

farm and the p~oductivities and interseasonal yield variabilities 
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of the crops produced with an emphasis on their adaptation to various 

soil types and their resistances to drought and plant diseases. 

Objective C 

The purpose of this objective was to identify some elements 

of the adjustment mechanism of the farming system with respect to 

land use intensification by comparing the characteristics of low 

intensity of land use fields and farms with those of higher intensity 

of land use fields and farms. This objective was completed throughout 

the study from Chapter 3 to Chapter 6. The major findings related to 

this objective were the following: 

1. In general, the size of the fields and the size of the 

farms decline when the intensity of land use increases. 

2. The household population declines when the intensity 

of land use increases. The households living on the 

low intensity of land use farms are relatively bigger 

than the households who live on the high intensity of 

land uSe farms. The former households also contain a 

relatively greater number of dependents. 

3. The natural rate of growth in the household declines 

when the intensity of land use increases. 

4. The rate of out-migration inside the household 

increases with the intensity of land use on the farm. 
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5. The relative importance of red sorghum in the farm's crop 

mix and in the household consumption mix increases with 

the average intensity of land use. Relatively greater 

proportions of the cultivated area are planted with red 

sorghum by extending the intermediate ring types of 

management practic~s (Rings 2, 3 and 4) to the rest of 

the farm. This is achieved mostly by substituting the 

permanent and semi-permanent types of management practices 

found inside the intermediate rings for the shifting 

cultivation types of management practices found inside 

the fifth ring. 

6. The crop production process becomes increasingly labor 

intensive and fertilizer intensive when the average 

intensity of land use increases. It does not, however, 

necessarily become more capital intensive. The addition

al amounts of labor applied per hectare are mostly spent 

on weeding and late ridging. 

7. The average propensity to invest in livestock and in soil 

fertility maintenance is highest at the medium intensity 

of land use level (semi-permanent cultivation) when the 

household population drops without a decline in the 

worker-dependent ratio. At this stage, the household 

displays the relatively highest crop income and savings 

per capita. 
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Other findings less directly connectable to any dynamic 

adjustment processes vis-a-vis land use intensification are as follow: 

8. The households who live on the low intensity of land use 

farms belong in general to larger extended families than 

the households who live on the higher intensity of land 

use farms. They also tend to own more animal traction 

transportation and cultivation equipment than the house

holds living on the higher intensity of land use farms. 

One may therefore infer from the above that members of 

large extended families have greater access to land than 

members of smaller extended families. This is mostly a 

consequence of the land tenure system that prevails in the 

village. One may also hypothesize that members of large 

extended families have a greater propensity to own animal 

traction cultivation and transportation equipment than 

members of smaller extended families in the village area. 

This is probably because membership in a large extended 

family lowers the household's financial risk aversion and 

because returns to animal traction equipment are probably 

higher when the Household has a greater potential access to 

land and cultivates a relatively larger amount of land. 

9. The households who live on the medium intensity of land 

use farms are in general members of the smallest families 

in the village. They have a relatively greater propensity 
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to invest in on-farm livestock than other households. 

They also display the highest rate of outmigration and 

have the smallest household size. One may infer from 

these observations that a relatively low potential access 

to land by members of small extended families causes the 

latter to have a greater propensity to invest in the 

livestock enterprise and to search for off-farm jobs than 

members of larger extended families. 

10. Practically all borrowed fields were shown to be the 

objects of the fifth ring types of management practices 

which correspond to the lowest intensities of land use. 

Given the characteristics of the mangement rings, one 

may hypothesize that the intensity of cUltivation and 

the propensity to invest in soil quality using fertili

zers, particularly organic fertilizers, increase with 

the security of land tenure. Rotation with fallow and 

legumes are the preferred means of soil fertility re

generation on borrowed lands. 

Ojbective 0 

This objective was designed to measure resource productivities 

and to discuss the economics of soil fertility management, as well 

as the economics of resource allocation in general within the crop 

production system. It was also designed to understand the economic 

rationale behind the inferred adjustment process with respect to 



land use intensification. This objective was partly completed in 

Chapter 3. but mostly in Chapters 5 and 6. Some of the results 

obtained can be briefly summarized as follows: 

1. The use of acacia trees to improve soil fertility 
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raises millet and sorghum yields by 50 to 100 percent. 

However, they are not widely used in the cropping system 

mostly because they are suspected of making cUltivation 

with animal traction implements more difficult and of 

increasing the incidence of crop damage by birds. 

2. The marginal physical product of land is estimated to 

vary from 150 kilograms of grain per hectare in the low 

intensity of land use ring (Ring 5) to about 800 kilograms 

per hectare in the high 'intensity of land use rings 

(Rings 1 and 2). 

3. On the average farm, the marginal physical product of 

one hour of the seasonal crop production labor is about 

.70 kilogram of food grain with hand tools and about 1.60 

kilogram of food grain with animal traction implements. 

4. The marginal productivity of labor for seedbed prepara

tion with animal traction implements is highest inside 

the fifth ring. The marginal productivities of labor for 

weeding and late ridging with hand tools or animal traction 



implements are higher outside the fifth ring and 

particularly inside the intermediate rings (Rings 

2, 3 and 4). Labor is marginally most productive 

in the fifth ring when employed during the seedbed 

preparation process for minimum tillage with animal 

traction implements. It is most productive inside 

the other rings when used for weeding and late 

ridging. 

5. The marginal productivity of late ridging labor is 

higher than the marginal productivity of weeding 

labor in all rings. Therefore, the seasonal labor 

constraint appears to limit yields and farm income 

more during the late ridging period than during 

the weeding period. 

6. In a given management ring (i .e., Ring 4), the marginal 

productivity of labor for seedbed preparation is 

higher in red sorghum fields than it is in millet/ 

white sorghum fields. During weeding and late 

ridging, the marginal productivity of labor is 

higher in red sorghum fields than it is in millet/ 

white sorghum fields except when late ridging is 

carried out with animal traction implements. The 

overall greater productivity of labor in red sorghum 

fields is more obvious when measured in kiloqrams of 

food grain than when measured in francs. 
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This is because the prices of millet and white sorghum 

are much higher than the price of red sorghum. 

7. The help laborer who works with the household 

during the crop production period receives a direct 

wage or compensation that is more or less equal to the 

marginal value product of labor over all the crop 

production activities carried out on the farm during 

the crop season. The compensation received is much 

less than the marginal value products of labor during 

weeding and late ridging periods when outside labor 

is mostly requested for crop production. 

8. During the crop production period, labor is employed up 

to the point where its marginal physical product in 

food grains is approximately equal to the daily food 

grain consumption by the average household resident. 

9. The marginal physical product of organic fertilizers in 

the entire cropping system was estimated to be at least 

.05 kilograms of food grain. For mineral fertilizers, 

it was estimated to be at least 3 kilograms of food 

grain with a minimal benefit cost ratio equal to 3. 
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10. Output per head and output per hour of labor increase 

with the average intensity of land use on the farm (i.e., 

with an increasing permanency of cropping). 



11. Returns to scale are diminishing inside the fifth ring 

which is characterized by shifting or bush fallow types 

of management practices. They are constant inside the 

other rings where cUltivation is semi-permanent or 

permanent. Overall. returns to scale appear to be 

more or less constant inside the average farm and may 

be diminishing only when more than 60 percent of the 

cultivated area are found inside the fifth ring. 
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12. Concerning the major staple food items: red sorghum, 

millet and white sorghum, various productivity estimates 

obtained from the interfie1d production function analysis 

(i.e .• coefficients of crop dummy variables and efficiency 

ratios) suggested that the farm resources are in general 

more productive when employed in red sorghum fields than 

when employed in millet/white sorghum fields. 

13. Evaluations of a110cative efficiency suggested that the 

crop production system is economically rational. Effi

ciency ratios computed for individual rings and sets of 

rings suggested that the economic efficiency of farm 

resource employment in food crop production increases with 

the permanency of cropping in the village farming system. 

Finally. the proportion of the cultivated farm area subjected 

to the intermediate ring of management practices was shown to 

increase with the average intensity of land use on the farm. A 
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simple budgeting exercise suggested that returns to land and manage

ment per hectare increase with the farm level intensity of land use 

and, therefore, with the proportion of the farmed area covered by the 

intermediate rings. It was also shown that the farm crop income 

depends most significantly on the amount of the farmed area subjected 

to the intermediate ring types of management practices. 

All together, the above results imply that the progressive sub

stitution of the intermediate ring types of soil-crop management prac

tices for the fifth ring types of management practices, when the average 

intensity of land use increases, results in an increase of the overall 

physical and economic productivities of the cropping system. Therefore, 

by progressively substituting red sorghum for millet and white sorghum 

using the intermediate ring types of management practices, the adjustment 

process vis-a-vis land use intensification essentially consists of crea

ting an upward shift in the production function of the cropping system. 

Objective E 

The purpose of this objective was to evaluate the effects of the 

cropping system on soil fertility and on land productivity in general 

when the intensity of land use increases as a result of a greater 

permanency of cropping. This objective was completed in five steps 

in Chapters 4 and 5. 

First, soil samples were taken from the upper 20 em of the 

soil in all five management rings. The soil samples were then 

analyzed in the laboratory, and the laboratory results were compared 

across all of the management rings. The results of the chemical 
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analyses carried out on the fine fraction of the soil suggested that, 

regarding upland soils, there exists no significant difference between 

the chemical fertility of the soils ~n fallowed lands and the 

chemical fertility of the soils inside the fifth ring. However, 

the chemical fertility of the soil increases from the fifth ring which 

is the lowest intensity of land use ring, to the first ring Which is 

the highest intensity of land use ring. This result obtained from 

cross-section variations led to the dynamic inference that an increasing 

permanency of cultivation inside the cropping system may not lead 

to a decline in the chemical fertility of the soil as measured in the 

upper layers of upland soils. Regarding lowland soils, the laboratory 

results suggested that the chemical fertility of the soil is higher on 

fallowed lands than inside the fifth ring fields. This is mostly due 

to a decline in the organic matter content of the soil as the latter 

is taken out of fallow and brought under cultivation. NeVertheless, 

soil fertility on lowlands increases from the low intensity of land 

use ring to the high intensity of land use ring but remains, in 

general, below the fertility level observed on fallowed lowlands. This 

led to the conclusion that the soil fertility management practices 

employed in the village help to maintain or improve the chemical 

fertility of the soil on uplands but not on lowlands. However, 

lowlands occupied about 30 percent of the cultivated area during the 

1981 crop season. Thus, the chemical fertility of the soil would at 

least be maintained on the larger portion of the cultivated area. 

Still, because of an increasing demand for land, the cropping system 
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is expanding itself mostly into the fallowed lowland areas. Therefore. 

the cropping system may face a decline in soil fertility on increasing 

portions of the cultivated area in the future if the current soil crop 

management practices are maintained. It was also pointed out during the 

analysis that following the ORSTOM scaling of tropical soil fertility, 

the chemical fertility of the soil under the village farming system is 

relatively low. It is about average on only 30 percent of the cultivated 

area which was subjected mostly to permanent cultivations of maize or red 

sorghum. The chemical fertility of the soil was shown to increase with 

the duration of cultivation in these fields. It was also concluded that 

a substantial increase in the productivitiy of the cropping system could 

be obtained by raising the average level of soil fertility in the village. 

Secondly, farmers claim that some of the local soil types 

found in the study village may result from intensive cultivation over 

the years of the widespread sandy soi 1 of the vi 11 age 1 ed to the 

formulation of a secondary hypothesis referred to as the "cultivation 

induced soil type hypothesis". This hypothesis was verified with soil 

survey results and historical field data and led to the conclusion that 

the upland sandy gravelly soil found in the village may indeed 

represent a degruded form of the upland sandy soil which resulted from 

erosion or mixing of adjacent soil layers. This view was further 

supported in Chapter 6 by the fact that sandy gravelly soils were not 

found on low intensity of land use farms. An evaluation of soil 

fertility across the relevant soil types was then used as a way of 

assessing long-term changes in soil fertility. Such an evaluation 



suggested that a change in the soil texture from sandy to sandy 

gravelly soil would not lead to a decline in the chemical fertility 
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of the soil but might lead to a decline in the field moisture holding 

capacity of the soil. Thus, an intensification of land use on upland 

m~ result in a long-term decline in the physical fertility of the soil 

and not necessarily in a decline in its chemical fertility. Such a 

decline in physical fertility entails a high user cost because it 

primarily leads over a long term to a decline in field moisture holding 

capacity in a semi-arid environment. and it is less reversible than a 

simple depletion of soil nutrients. 

Thirdly. the productivity of land in individual rings and 

in sets of rings representing various levels of land use 

intensification was estimated using interfield production functions. 

The results suggested that the marginal productivity of 

land increases with the average intensity of land use. The 

elasticities of output with respect to land and the mean 

levels of outputs also suggested that the marginal productivity 

curve for land shifts upward as the permanency of cropping 

increases within the cropping system. Changes in soil fertility 

management practices, especially crop substitutions and 

inputs substitutions were said to be responsible for the increasing 

economic value of the land following an increasing 

permanency of cropping. 
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Fourthly, the effect on yields of the duration of cultivation 

since the last lengthy fallow (i.e., field age effect) was measured 

during the interfield production function analysis. The statistical 

results suggested that under given soil and management conditions, the 

field age effect is negative in maize fields and in millet/white sorghum 

fields but positive in red sorghum fields. Consequently, the negative 

effect of the field age on yields was minimal in the rings where red 

sorghum is included in the crop mix. It remained positive in the 

rings where red sorghum is the major crop. One explanation is perhaps 

the fact mentioned earlier that soil fertility was found to increase 

with the duration of cultivation in permanent red sorghum fields, 

probably as a result of frequent applications of fertilizers in such 

fields. Another explanation could be some positive biological effects 

of the roots and residues of red sorghum on soil fertility. One 

implication of the above results, however, is that the progressive 

expansion of the intermediate rings types of management practices, as 

mentioned in the adjustement process with respect to land use inten

sification, is likely to minimize or reverse any negative effect of 

continuous cultivation on yields. The statistical results also 

pointed out with respect to all crops and management rings that where

ever the effect on yields of continuous cultivation is negative, it has 

a relatively small amplitude per year. In rings or sets of rings 

where more than two major crops are present in the crop mix, the age 

effect, when it is negative, is more significant on the value of output 

than on the output measured in kilograms of food grain. This is 



probably because within rings a greater permanency of cultivation 

leads to a substitution of less valuable but more grain-productive 

crops such as red sorghum for crops which are more valuable but less 

grain productive such as millet, white sorghum and cowpea. 
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Finally, the effects on yields of each soil type were estimated 

during the production function analyses. This was done so as to 

measure the productivity consequences of the changes in soil texture 

suggested by the cultivation induced soil type hypothesis. The 

statistical results suggested that any increase in the proportion of 

gravel in the local sandy soil that would, as a result of erosion or 

of mixing of adjacent layers, change the soil testure to sandy-gravelly 

would lead to significant yield declines in all rings. The statistical 

results suggested as much as a 50 percent decline in productivity when 

the soil texture changes from sandy to sandy gravelly. However, the 

decline in productivity was statistically less significant in red 

sorghum fields than in other fields. This was explained with a probable 

greater drought tolerance of red sorghum vis-a-vis other crops, since 

the change in the soil texture is more likely to result in a decline 

in the field moisture holding capacity and not in a decline in the 

chemical fertility of the soil. Therefore, the adjustment process 

with respect to land use intensification appears to select and to 

expand the production of a crop (i.e., red sorghum) which has the 

character'istics necessary (i.e. high yields and drought tolerance) 

to minimize the adverse effects of changes in the soil's physical 
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status (i.e., decline in field capacity) that result from a long-term 

intensification of land use. 

In summary, the laboratory analyses of the fine fraction of the 

soil samples taken from the upper layer of the cUltivated and fallowed 

lands suggested that the soil-crop management practices employed by the 

farmers in the village maintain the chemical fertility of the soil on 

uplands but not on lowlands. Nevertheless, the chemical fertility of 

the soil is brought up to an average level on only 30 percent of the cul-

tivated area, and it is relatively low elsewhere. Therefore the producti

vity of the cropping system can still be substantially increased by 

raising the average level of soil fertility. An increase in the perma

nency of cultivation by shifting from one set of management practices to 

another leads to an increase in the economic productivity of the land. 

However, under a given set of management practices, continuous cultiva

tion has some relatively small negative effects on the yields of maize, 

millet and white sorghum, but not on the yields of red sorghum. Severe 

yield declines are likely to occur over a long term if cultivation 

adversely affects the physical status of the soil and especially its 

field moisture holding capacity. Fertilizers alone will be of little 

use in reversing such a trend, and organic fertilizers will do better 

than mineral fertilizers. The substitution of red sorhgum for other 

crops appears to make continuous cultivation possible with minimal or no 

yield declines. Consequently selection of high-yielding and drought

resistant crop varieties in combination with economically and techni

cally feasible measures to minimize any phys·ica1 degradation of the 
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soil are likely to be more useful than fertilizers alone in maintaining 

yields and farm income inside the village. 

Conclusion 

With respect to the theoretical growth model, discussed in the 

first chapter, one may infer from the empirical results discussed 

throughout the study that the crop production system of the studied 

village is at a low output steady-state equilibrium characterized by 

a medium intensity of land use. The structure of the cropping system 

suggests that the farming system evolves or develops by gradually 

shifting to a higher growth path and thereby to a higher output level 

steady-state equilibrium with the following steps.82 

Step 1. An upward shift in the production function made 

possible by an increasing substitution of the 

intermediate or inner ring-types of management 

practices. Red sorghum is gradually substituted 

for millet and white sorghum in the process, and 

the average level of soil fertility is also main

tained or improved in the process, at least over a 

large portion of the cultivated area for some short 

or medium geological terms. 

Step 2. An out-migration to reduce the rate of growth (n) 

of the number of residents (N) on the farm, in face 

82These inferences are only valid to the extent that dynamic processes 
can be inferred from cross-sectional variations. 
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of a declining amount of available land (A) i.e., . . . 
A ~ 0 and N < 0 so that a ~ 0 with a = A/N. 

Step 3. An increase in savings and an investment of savings 

in the livestock enterprise, and in the acquisition of 

animal traction implements. These implements are likely 

to increase the productivity of labor and release more 

labor for the livestock enterprise and off-farm employ

ment. A greater importance of ~he livestock enterprise 

would increase the availability of organic manures and 

help to maintain or raise soil quality. 

The first step as demonstrated in the study is likely to result in 

a more efficient use of farm resources. However, many factors are likely 

to constrain or limit the household farm's ability to complete that step. 

The conclusion will focus on the limitations caused by such factors and 

on possible corrective measures. 

The inner rings involve the second, third and fourth rings 

types of soil-crop management practices. The second ring type of 

practices involve a permanent cUltivation of red sorghum/cowpea with 

organic and mineral fertilizers. The third ring type of management 

practices involve a rotation of red sorghum/cowpea with groundnuts, 

combined with applications of organic and mineral fertilizers. The 

fourth ring type of management practices involves a rotation of red 

sorghum/cowpea with millet, groundnuts, earthpeas and short fallows, 

combined with some application of organic manures and frequent 

applications of small amounts of mineral fertilizers. Any factor 



that would reduce the farmers' ability to apply such practices would 

constrain the completion of the first step mentioned before. Some 
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of such factors and their possible corrective measures are as follows: 

Organic Manure. One would normally expect crop substitution to be 

directed toward crops that have lower soil fertility requirements as the 

intensity of land use increases if the latter indeed results in a 

decline in soil fertility. The pattern of substitution appears to be 

quite different in the studied village. In this case red sorghum, which 

is known to have greater soil fertility requirements than millet and 

white sorghum, is substituted for the latter. This;s mostly because 

with some amount of organic manure red sorghum increases the productivity 

of farm resources more than any other crop. If the inner rings become 

dominant in the cropping system, the demand for organic manure, as 

suggested by the marginal productivity estimates, wi1i rise. 

The marginal productivity estimates suggest that, given the 

current set of management practices, farmers could increase farm income 

by purchasing the animal manure at any price below 2 francs per 

kilogram. The MVP of organic manure runs as high as 100 francs per 

kilogram in the inner rings. Therefore, the demand for manure is 

likely to rise considerably in the future as the inner ring types of 

management practices are progressively extended to the rest of the farm

land. The regional development agencies could initiate a market for 

organic manure by encouraging the gathering and sale of cattle dungs 

by herdsmen or others. As previously mentioned in the introduction, 

the bulk of cattle dungs is left along the cattle tracks in parts of 
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the country where land is not cultivated. Another alternative would 

be the treatment and sale of city refuse to farmers. Subsidies for 

the purchase of carts by farmers or some improvement in the current 

financial terms offered by the regional development agencies are also 

likely to be helpful and economically efficient, so would the design 

and construction of cheaper carts. Such carts might reduce the costs 

incurred by farmers in gathering and spreading the manures and 

thereby allow the fertilization of more fields. A cheaper alterna

tive could be to make a certain number of carts available for rent 

in each village. 

Mineral Fertilizers. The marginal productivity estimates suggest 

that the MVP of mineral fertilizer under the current set of management 

practices is three to twelve times higher than the current price of the 

widely used mineral fertilizer, which is a subsidized price. The true 

price of the fertilizer is twice the subsidized price. The Cobb-Douglas 

estimates of the marginal productivities of the mineral fertilizers 

suggested that the returns to mineral fertilizers are probably higher 

in millet/white sorghum fields than in red sorghum fields. The linear 

estimates, thought to be more reasonable, suggested the opposite. In 

many farmers' opinion~ millet and white sorghum do sometimes respond to 

mineral fertilizers better than red sorghum, depending on soils and 

weather conditions. However, most farmers contend that the risk factor 

is much higher in millet/white sorghum fields. That is, they say, the 

reason why they apply more mineral fertilizers on red sorghum than on 

millet or white sorghum. Therefore, the substitution of red sorghum 



for millet and white sorghum is likely to reduce the risk 

related to the application of mineral fertilizers and encourage the 

purchase and application of mineral fertilizers, given the MVP range 

mentioned above and the subsidized price of the fertilizer. 
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Greater purchases of mineral fertilizers by the farmers are likely 

to result from an increase in the flexibility of the financial terms 

offered by the regional development agencies. The farmers mostly find 

the deadlines for credit reimbursement too short. They also find the 

minimum amounts of fertilizers they are required to purchase with credit 

too high. An increase in the subsidy of mineral fertilizers for a 

certain period of time is also likely to trigger some increases in farm 

income and investment. An increase in the availability of the ferti

lizers at the village level, via family leaders, village heads or 

farmers' unions will also achieve the same purpose. A provision of 

technical assistance to farmers to improve the small livestock husbandry 

and an introduction of a highly profitable food-cash crop supported by 

adequate marketing facilities are likely to improve the farmer's 

ability to purchase and use mineral fertilizers on food crops. 

Efforts to combine mineral fertilizers with organic manures should also 

be emphasized since mineral fertilizers alone are likely to lead over 

the long term to soil acidification under the region's soil and climatic 

conditions. 

Crops. The progressive substitution of red sorghum for millet 

and white sorghum is mostly due to its higher productivity with 

respect to farm resources, its suspected lower yield variability 



under changing weather conditions and its s'uspected high drought 

tolerance. The intensive cultivation of the region's soils could be 

leading to textural and structural changes in the soil that result 

in a decline of field moisture holding capacity. As suggested by 
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the manner in which the farmers in the study village adapt to land use 

intensification, crop research should be directed toward the se1ction 

of food crop varieties that display high productivities with respect 

to the available farm resources (land and fertilizers in particular), 

that are drought resistant and that present a relatively small yield 

variability from one crop season to the next. It certainly helps if 

the selected food crop can be used for another purpose such as beer 

production, in the case of red sorghum. This increases the market 

demand for the crop and provides it with an appreciable cash value. 

The interfield yield functions analyses suggested that returns 

to weeding and ridging are significantly high in the cropping system 

and especially in the inner rings. Returns to crop management are also 

significantly high, especially returns to the timing of weeding and 

ridging. However, the seasonal characteristic of agriculture in the 

region seriously limits the amount of time that can be allotted to crop 

production. It also seriously limits the amount of time that can be 

spent on each crop-growing activity and results in labor bottlenecks 

especially during weeding and late riding. Previous studies and linear 

programming models have generally found the major labor bottleneck to 

occur duri ng the weedi ng peri od (Ruthenberg, 1976; Coll inson, 1972). The 

results of the interfie1d production functions analysis set forth in 
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this study suggested that the MVP of labor is high during weeding and 

ridging and even higher during ridging. Therefore, a selection of crop 

varieties with growth cycles of different lengths would allow farmers 

to better even out the available labor across fields and cropping acti

vities and thereby increase farm output. The selection could also seek 

high yielding varieties that are less sensitive to late weeding and late 

ridging (e.g., selection of plants less likely to verse so as to·reduce 

late ridging labor). The crop selection process also ought to take into 

account other farmer's producti on objecti ves such as the producti on of 

sufficient crop residues for fuel and forage. 

Regarding the leguminous crops that intervene in the intercrop

pings and crop rotations, the major constraints are the shortage of 

seeds at the beginning of the new crop season, the lack of a reliable 

market for leguminous crops and the lack of a sufficiently high com

parative advantage vis-a-vis cereal planting, which is partly due to a 

negative externality generated by the livestock enterprise on the legu

minous crops. Such problems could in part be solved by seed banks 

operated by the regional development agencies, by high yielding and less 

labor intensive leguminous crops such as improved erected varieties of 

cowpea, by an improvement of the crop marketing channel, by regulated 

cattle routes, by the introduction of severe penalties in the local 

justice system to enforce the local laws for guarding animals during 

the crop season and by an improvement in farmers' livestock management 

skills and facilities. 

Many of the problems related to land use intensification and 

soil fertility maintenance could also be solved by planting Acacia 



trees across fields in the region. The selection of trees with few 

surfacing lateral roots could be beneficial as well as future studies 

to determine the feasibility and the exact efficiency of such a 

possibility. Ultimately, the positive effects that such trees would 

have on the climate and the threat of desertification in the region 

should be noted as far-reaching advantages. Research 

development of animal traction implements capable of augmenting the 

productivity of labor in the presence of surfacing roots from the 

Acacia trees could also be undertaken. 
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Other Factors. It has been shown in the study that only the 

fifth ring types of management practices are used on borrowed lands. 

Such management practices involve the rotation of millet and white 

sorghum with legumes and fallow. These practices do not 

involve an application of organic fertilizers, only mineral fertilizers 

are used in relatively small amounts on the borrowed lands because 

their residual effects last less than the residual effects of organic 

fertilizers. Therefore, as the need to increase the intensity of 

land use occurs, farmers will be reluctant to apply the inner ring 

types of management practices on borrowed lands because they require 

that some form of organic manures be applied. The fourth ring 

types of management practices which involve less organic manures 

are likely to be the management practices that farmers would be less 

reluctant to apply on borrowed lands. An increase in the security of 

land tenure faced by the average household will be necessary to allow 



a full extension of the inner ring types of management practices to 

the entire farm land. However, since farmers are willing to apply 

some mineral fertilizers on borrowed lands, the security of land 

tenure problerrl could be solved simply by selecting food crop 
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varieties that are more productive than red sorghum without organic 

fertilizers and with mineral fertilizers only, provided that such 

crops display low-yield variability and sufficient drought resistance. 

Farmers who are members of larger families face a higher 

security of land tenure on borrowed lands than farmers from smaller 

families because the former. are capable of borrowing more land from 

other members of their family than the latter. Therefore, members of 

larger families will be more willing to intensify cultivation by 

applying fertilizers on borrowed lands than members of smaller families 

who will eventually lose all the land borrowed from the larger families 

as the latter grow and break down into a larger number of smaller, 

autonomous households. The latter phenomenon, as expressed by 

farmers, increases the demand for land. However, since larger families 

originally have a greater control over the land than smaller families 

their members are less adversely affected by the increasing demand 

for land than members of smaller families, most of which originated 

from more recent settlements. In the end, households that belong in 

or originated from larger families are more likely to be able to 

intensify cultivation on sufficiently large amounts of land in order 

to feed their residents than households that belong in or originated 

from smaller families. The above observation, in addition to the 



higher rates of outmigration and of investment in livestock associ

ated with the smaller families in the village, suggest that members 

of smaller families may have to join other economic activities 

besides crop production faster than members of larger families. 
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A continuous breakdown of families and households into smaller indepen

dent units is likely to accelerate the process. This would lead to 

an increase in the off-farm labor force which the national economy 

should be prepared to handle. 

The lowland vertisoils, which are the chemically richest soils, 

are mostly borrowed and found inside the fifth management ring. As 

suggested by the production function analysis, minimum tillage with 

animal traction implements results in large yield increases in the 

fifth ring. This is likely to be mostly true for the vertisoi1s which 

are the most difficult soils to cultivate because of their greater 

compaction and clayey texture. Incidentally, they are mostly cul

tivated by households who own animal traction cultivation and 

transportation equipment. Therefore, one may expect a greater 

colonization of the virgin clayey lands in the Volta river valleys 

to follow some improvement in farmers' means to acquire the animal 

traction cultivation and transportation equipment. The expansion 

of the farming system into the virgin land areas will increase the 

availability of land to the average household and is likely to at 

least help to maintain farm income and soil fertility. The average 

farmer is likely to find it more beneficial to begin the cultivation 



of the new lands with the fifth-ring type of management practices. 

However, because of the individual farmer's fear for the wilderness 

and diseases associated with the new lands, some form of col"lective 

action is needed for an effective exploitationof the new lands. A 

regulated shifting cultivation system in the virgin lands could be 

initiated by local authorities with contiguous plots periodically 

assigned to individual farmers. The farmers should also be left 

free to return to their villages to combine the cultivation of the 

old village lands with that of the new lands. 

In the long run, a progressive intensification of cultivation 

/on new lowlands will require, besides some prophylactic measures 

to eradicate diseases, some collectively installed erosion control 

devices. An intensification of cultivation with the inner-ring types 

of soil-crop management practices would require some form of organic 

fertilizer which farmers do not apply on lowlands unless some erosion 

control devices are present. Farmers are reluctant to install such 

devices not only because lowlands are mostly borrowed lands, but 

also because individual actions are inefficient. Unless all neigh

bors have installed such devices, any farmer who installs dikes in a 

lowland field will soon see them washed away during the next rainy 

season. Collective actions are necessary on all subjects regarding 

the control of soil erosion, and such actions could be efficiently 

initiated by the regional development agencies through the farmers' 

unions in each and every village. Such actions are particularly 
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important given the indications in the resuits of this study that 

maintenance of the physical status of the soil may constitute a bigger 

problem than the maintenance of its chemical fertility, as it is 

likely to entail greater user costs. 



APPENDIX A 

THE SIMPLE FARMING SYSTEM GROWTH MODEL 

The Mode1 83 

(1) Yt = F(Nt , Kt , 

(2) Yt = Ct + It 

(3) Ct = (l-s) Yt . . 
(4) K + L = It t t 

Lt ) as the Production Function 

as the Expenditure Identity 

as the Consumption Function 

as the Capital and Land Resources 
Accumulation Identity 

as the Population Growth Equation 

Derivation of the Fundamental Growth Equation 

k = K/N 1 nk = 1 nK - 1 nN, £ = L/N 1 n £ = 1 n L - 1 n N 

Differentiation of (6) with respect to time leads to 
. . . . . . 
k/k = K/K - N/N, £/£ = L/L - N/N . 

From (5) N/N = n Therefore (7) becomes 
.. ". .. 

(6 ) 

(7) 

k = K/N - nk, £ = L/N - n£, k + £ = (K + L}/N - nk - n£ (8) 
. . 

From (l), (2) and (4): K + L = F (N,K,L) - C (9) 

Equations (8) and (9) lead to 

k + i = F (N,K,L)-C - nk - n£ 
N 

Given the' assumption of constant returns to scale one may write 

the per capita production function as 

F (N,K,L}/N = f (k,£). 

83The variables are as defined in the text. 
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(10) 

(11 ) 



Equations (lO) and (ll) lead to . . 
k + ~ = f (k~~) - c - nk - n~, where c = C/N 

From equation (3), c = (l-s) f(k,~} 

Therefore, (12) and (13) lead to 
. . 
k + ~ = sf {k,~} - nk - n~ . . 

A steady state equilibrium is reached when k + ~ = 0 
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(12) 

{13} 

(14) 



APPENDIX B 

MEASUREMENT AND AGGREGATION OF LABOR 

Labor data were recorded per specific task, sex and age groups of 

the laborers. It is generally assumed that the productivity of labor 

varies across individuals, tasks, sex and age, and there is no doubt 

that the ideal measure of aggregate labor is an homogenous measure 

that takes into account such differences in productivity if they exist. 

To measure the availability of labor in the household, the French 

tradition has been to count the number of Actifs in the household. An 

Actif being defined as a person between ages 15 and 59. The French 

measure ignores productivity differences and the labor force provided by 

children between 10 and 15 years of age, and by people above 60 years 

of age. The Anglo-Saxon approach accounts for all individuals in the 

household and for productivity differences with the concept of "Man

Equivalent". However, as pointed out by Eicher and Baker (1982), 

"Most studies have used fairly arbitrary approaches for deciding on the 

weights to be used in aggregating labor inputs" (ibid., p. 78), and as 

pointed out by Collinson (1974, p. 201) no one has been able to demon

strate that age-sex differences in productivity exist in sub-Saharan 

peasant agriculture. According to the farmers themselves p the house

hold labor is allocated in such a way that children, women and elderly 

people are generally involved in doing what they do best, most of 
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which they do better than male adults in their prime (e.g., gathering 

and burning of crop residues, planting, bird scaring, thinning and 

transplanting, guiding of animals during animal traction works, har

vesting, etc.). Differences in endurance do exist on the most diffi

cult tasks such as weeding and ridging, but not necessarily in pro

ductivity. Such differences in endurance are reflected in the number 

of hours of work in the field. 
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Weights assigned to weeding and ridging labors by some authors are 

generally the most variable weights across sex and age. They vary between 

~5 and 1 for laborers above 10 years of age (Matlon 1977, p. 171, 

Crawford, 1982, p. 121), otherwise they vary between .75 and 1 for other 

tasks. Observations and subjective evaluations by the author places 

doubts on the validity of such weights in the study area. In the Nonghin 

village, for instance, the usual scene witnessed during weeding or 

ridging, which are generally done with animal traction equipment, is 

a child guiding the donkey which is pulling the weeder or the ridger 

across the field, an adult male young or old holding the weeder and 

women following behind usirg hoes to replenish the work done by the 

animal traction equipment. It is doubtful that a man in front to guide 

a donkey through the narrow alleys between the crop lines would have 

done a better job than the child. Because of such complexities and 

the arbitrariness involved in selecting any set of weights, many authors 

of recent studies have adopted a simple summation of working hours on 

the field by individuals of all ages and sex. (Delgado 1979, Eddy, 1979). 

The same approach has been adopted in this study in aggregating labor 

hours spent on each field by workers of ten and above years of age. 



APPENDIX C 

THE REGRESSION COEFFICIENTS OF THE 
LINEAR PRODUCTION FUNCTIONS 
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Table C1. Regression Coefficients of the Linear Production 
Function for the Management Systems. Independent 
Variable=Value of Output (CFA francs). Model 1.2. 

Management System 

Ml M2 M3 M4 MS M6 

R2 .806 .761 .660 .876 ·.892 .692 
~ .667 .654 .605 .823 .837 .412 
F 5.8 7.10 11.8 16.5 16.1 2.5 
Degrees of Freedom 36 58 158 57 37 22 
Land (hectares) 5658+ 3391 6442 .... 23127 ...... 35554 ...... 10703 

(1. 49) (1.09) (2.35) (4.24) (5.25) (.29) 
Field Age (years) 166.9 -.098 -81.4 172.3 -37.2 132.1 

(.66) (0) (-.79) (1.19) (-.11 ) ( .68) 
Organic Fertilizers (kg) -3.13 2.11 2.52 1.08 .52 

(-.44) (1.23) (1 .15) ( .43) ( .09) 
Mineral Fertilizers (kg) -93.0 110.4 315 ...... 177 322 -1440 

(- .49) (.76 ) (2.56) ( .82) (1.02 ) (-.82) 
Frequency of Fertilizer 426.8 2019 .... 1208 ...... 1052" 988+ -34 
Application (years) ( .29) (2.06 ) (2.58) (1. 90) (1.45 ) (-.03) 
Frequency of Groundnut 10581 ...... 5520 .... 4346" 1575 -778 
Planting (years) (2.78) (1. 94) (1. 75) ( .56) (-.21) 
Date of Planting (days) 11. 1 15.3 31.9 -42.7 -99.0 667" 

(.10) ( .19) (.55 ) (-.51) (-.78) (1. 84) 
Time Lag Planting-First 20.3 58.6 -21.9 -14.0 -24.4 412.8 
Weeding (days) (.20) (.70) (-.77) (-.58) (-.93) (1 .15) 
Hand-Tool Labor for Seedbed 23.4 -13.3 -65.4 ...... -13.6 -14.1 686.6+ 
Preparation and Planting (hrs) (.77) ( .48) (2.85) (-.39 ) (- .30) (1.64 ) 
A.T. Labor for Seedbed 42.0" 56.5 ...... 60.5 ...... -15.5 23.9 187.5 
Preparation (hrs) (1. 79) (2.66) (2.80) (-.30) (.33) (.26) 
Hand Tool Labor for Weeding -4.6 30.6+ 75.4 ...... 19.4 -.46 -70.7 
(h rs) . (-.18) (1.53) (5.62) (1.01) (- .02) (-.37) 
A.T~ Labor for Weeding (hrs) -36.8+ .55 46.3 .... 186.5 ...... 181.9 .... -932.4 

(-1. 501 ( .03) (2.00) (3.37) (2.35) (-.38) 
Hand-Tool Labor for Late 80.7+ 107.7 ...... 71.7 .... 67.9 -52.3 -509.8 
Ridging (hrs) (1.56 ) (2.73) (1.90 ) (1.24) (-.70) (- .88) 
A.T. Labor for Late Ridging .55 78.1+ 89.0" -47.4 -7.5 -12764 ...... 
(hrs) ( .0) (1.61) (1.84 ) (-.57) (-.06) (-3.08) 
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Table C1. Continued. 

~lanagement 5ys tem 

Ml M2 M3 M4 M5 M6 

Upland Rocky 50ils (510) -5438 -7515+ -6793** -4991 -3098 -10850+ 
(-.77) (-1. 30) (-1.97.) (-1.19) (-.62 ) (-1.59) 

Upland Gravelly 50ils (511) 4803 557 -621 788 1905 1847 
(.90) (.13 ) (-.22) ( .23) ( .46) (.27) 

Upland 5andy Gravelly 50ils 964 -437 -2600 -125 132 -9215+ 
(512) (.20) (-.12) (-.93) (-.04) (.03) (-1.43) 
Upland Sandy Soils (S20) 0 0 0 0 0 0 
Leached Sandy Soils (521) -9274 -10988+ -9254 

(-1.17) (-1. 44) (-1.07) 
Lowland Vertisoil (540) 8041+ -406 -2567 1323 2803 -12157+ 

(1.57) (-.10 ) (-.72) ( .27) (.37) (-1. 46) 
Lowl and Sandy 50il (560) -1037 819 -2215 -1147 -1042 -8103+ 

(-.25) (.22 ) (-.83) (-.30 ) (-.21) (-1.39) 
Maize 1499 -56174*** 

( .43) (-4.46) 
Red Sorghum 7654** 8208*** 6118+ 2755 

(2.01) (2.99) ( 1.49) ( .46) 
White Sorghum 8329** 6522** 3743 439 

(2.17) (2.01) (1.14) ( .09) 
Mi 11et -8399+ -12272*** -2037 1638 

(-1.33) (-2.72) (-.65) ( .47) 
Groundnuts -4596 -2150 3554 11894** 

(-.94) (-.58) ( .97) (2.14) 
Earth Peas 14217 12179 18197+ 

(1. 20) (1. 09) (1.43) 
Constant 7878.8 9500 2361 -10045 2799 20848 (.77) (1. 16) ( .46) (-1. 26) ( .86) (1.05) 
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Table C2. Regression Coefficients of the Linear Production Function 
for Major Crops. Dependent Variable=Value of Output 
(CFA francs). Model 4.1. 

Crops 

Maize Red Millet/White All 
Sorghum Sorghum Cereals 

R2 .635 .785 .736 .639 
[2 .306 .690 .605 .580 
F 1.9 8.3 5.6 10.9 
Degrees of Freedom 20 50 40 148 
Land (hectares) -9605 34379** 6312** 7510*** 

(-.47) (4.20) (2.06) (2.73) 
Age (years) 11. 5 532** -79.2 -23.9 

(.10) (1.85 ) (-.76) (-.19) 
Organic Fertilizers -2.92 .62 2.64+ 
(kg) (-.98) (.20) (1.48 ) 
Mineral Fertilizers -1174 448 85.5 311.3** 
(kg) (-1.14) (1. 20) ( .51 ) (2.39) 
Frequency of Fertilizer 602 1698** 1252 1322*** 
Application (years) (.98) (2.17) (1.00 ) (2.64) 
Frequency of Groundnut -1482 7295** 4818+ 
Planting (years) (-.20) (2.02) (1.48) 
Date of Planting (days) 41.0 22.0 16.1 11.0 

(. 18) (. 16) (.19 ) ( . 18) 
Time Lag Planting - First 36.0 -22.7 -43.6 -32.7 
Weeding (days) (.17) (-.63) (-.50) (-1. 09) 

Hand Tool Labor for 592*** -22.6 -28.3 -68.0*** 
Seedbed Preparation and (2.81 ) (-.41 ) (-.90) (-2.81) 
Planting 
A. T. Labor for Seedbed 114.2 -15.7 65.4*** 62.2*** 
Preparation (hrs) (.29 ) (-.19) (2.93) (2.87) 
Hand Tool Labor for 119.1 -.80 31.5 74.1*** 
Weeding (hrs) (1. 02) (-.03) (1.28) (5.19) 
A. T. Labor for Weeding 718.8 164.7** -2.06 53.5** 
(hrs) (.62 ) (2.02) (-.09) (2.27) 
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Table C2. Continued. 

Crops 

Maize Red Millet/White All 
Sorghum Sorghum Cerea 1 s 

Hand-Tool Labor for Late -275.5 123.6 66.9+ 75.5* 
Ridging (hrs) (-.87) (1. 26) (1. 40) (1. 79) 
A. T. Labor for Late -39.0 65.2 73.7+ 
Ridging (hrs) (-.21 ) (1. 20) (1 .45) 
Upland Rocky Soils 3594 -7065 -5028 -6122+ 
(SlO) (.85 ) (-1. 06) (-.61) (-1.55) 
Upland Gravelly Soils 9886** 1258 672 -30 
(511) (2.50) ( .25) (.14 ) (-.01 ) 
Upland Sandy-Gravelly 502 -5603 -3458 -2241 
Soils (S12) ( . 13) (-1.10) (-.78) (-.76) 
Upland Sandy Soils 0 0 0 0 
(520) 
Leached Sandy Soils -15641+ -12165 
(521) (-1. 42) (-.96) 
Lowland Vertisoi1 (540) -1017 4408 3028 -2504 

(-.20) (.50) (.62 ) (-.63) 
Lowland 5andy Soil (560) 4414 -1270 -2255 -2192 

(1. 20) (-.23 ) (-.52) (-.76) 
R1a 0 

R1 R1b 2659 22704*** 481 
(1. OO) (2.91) ( . 10) 

R2 0 4312 
(.93 ) 

R3 5323 2566 
(.53) ( .41) 

R4 10400 -5862 2349 
(1. 30) (-1.16) (.66 ) 

RS 0 0 

Cereal-Cowpea Density -1203+ -42.7 
Ratio ( -1.40) (-.12) 
Constant .. 6005 -22013+ 8733 3420 

( .42) (-1.64 ) ! 1. 23) (.80 ) 
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Table C3. Regression Coefficients of the Linear Production 
Function for the Management System. Independent 
Variable=Grain Output (kilograms). Model 1.1. 

Management System 

Ml M2 M3 M4 M5 M6 

R2 .B37 .744 .704 .B74 .916 .734 

R"2 .721 .629 .655 .B20 .B61 .493 

F 7.2 6.5 14.5 16.2 16.B 3.0 

Degrees of Freedom 35 5B 158 56 37 22 
Land (hectares) 93.10+ 59.3 118.4** 552*** 872*** 106.7 

(1.54 ) ( .91) (2.04) (3.99) (5.29) ( . 31 ) 
Age (years) 2.65 .5B3 -1.20 6.18* .82 1.54 

(.66 ) (.16 ) (-.55) (1.68) (.09 ) (.85 ) 
Organic Fertilizer (kg) .032 .053+ .080+ .028 .008 

(.21 ) (1.47 ) (1.43) ( .47) (.15 ) 
Mineral Fertilizer (kg) -1.38 1. 19 7.73*** 3.87 7.95 -16.52 

(-.45) ( .39) (2.95) (.71) (1. 03) (-1. 02) 
Ferquency of Fertilizer -1.07 38.74* 20.58** 22.9* 26.08 -1.04 
Application (years) (-.05) (1. 89) (2.07) (1.63) (1.58) (- .10) 
Frequency of Groundnut 185.9*** 112.0* 92.8* 27.50 -24.9 
Planting (years) (3.06) (1. 83) (1. 76) (.39) ( .27) 
Date of Planting (days) .15 -.008 -.55 -1.06 -2.25 5.97* 

( .09) (-.005 ) (-.44) (-.50) (-.73) (1. 78) 
Time Lag Plant;ng-First -.033 .309 -.694 -.355 -.58 3.58 
Weeding (days) (-.02) (.18) (-1.15) (-.57) (-.91 ) ( 1.08) 
Manual Labor for Seedbed .40 -.237 -1.72*** -.20 -.36 6.58* 
Preparation (hrs) (.77) (-.41) (-3.54) (-.23) (-.32) (1. 70) 
A. T. Labor for Seedbed .58+ .813* 1.05** -.63 .61 1.39 
Preparation (hrs) (1. 54) (1. 83) (2.30) (- .48) (.35) ( .20) 
Manual Labor Weeding -.06 .554+ 1.85*** .254 -.02 -.95 
(hrs) (-.14) (1. 32) (6.50) (.53) (- .03) (-.55) 
A. T. Labor Weeding -.58+ .260 1.56*** 5.50*** 5.00*** -10.2 
lnrs) (-1.48) (.56) (3.17) (3.92) (2.65) (-.45 ) 
Manual Labor Late 1.35* 2.70*** 1.57** 2.15+ -1.19 -4.77 
Ridging (hrs) (1.64) (2.51 ) (1. 95) ( 1. 55) (-.65) (-.89) 
A. T. Labor Late -.05 1.72* 2.38** -1.77 -.70 -114.9*** 
Ridging (hrs) (- .05) (1.69 ) (2.31) (-.84) (-.21) (-3.00) 
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Table C3, Continued. 

Management System 

Ml M2 M3 M4 M5 M6 

Upland Rocky Soils (510) -59 -79 -109+ -79 -71 -103+ 
(-.52) (-.65) (-1.49) (-.74) (.59 ) (-1.65) 

Upland Gravelly Soils (511) 89 0 -28 24 47.0 20 
(1.04) (0) (-.47) ( .28) ( .47) (.32 ) 

Upland Sandy-Gravelly 43 55 -21 15 8 -78+ 
Soi 15 (512) (.58) (.72) (-.37) (.16 ) (.08) (-1. 32) 
Upland Sandy Soils (520) 0 0 0 0 0 0 
Leached Sandy Soils (521) -114 -123 -102, 

(-.90) (-.78) (.567) 
Lowland Vertisoils (540) 162** 20 -34 124 82.9 -109+ 

(1. 98) (.25 ) (-.45) (.99) (.45 ) (-1.43) 
Lowland Sandy Soils (560) -5.5 56 -8 7.1 -19.9 -77+ 

(-.08) (.71 ) (-.14 ) ( .07) ( -.17) (-1.45 ) 
'Mai ze -11 -577*** 

( .15 ) (-4.97) 
Red Sorghum 274*** 235*** 218** 0 33 

(3.43) (4.03) (2.09) (.61 ) 
Whi te Sorghum 153** 108+ 5.5 -32 

(2.51 ) (1.58) (.08) (-.25) 
Millet -87.67 -218** -46 59 

(-.87) (-2.31 ) (.69) ( .67) 
Groundnuts -57 -73 22 246* 

(-1.24) (-.94) ( .28) (1. 74) 
Earthpea 248* 208 321 

(1. 32) ( .89) (1 .19) 
Constant Term 74.3 131.0 34.2 -396.4** 67.5 259.0 

(.45 ) (.76 ) (.31 ) (1. 96) (.20) (1.42 ) 

Figures in parentheses are the t-statistics 
+=Significant between .10and.20 
*=Significant at .10 

**=Significant at .05 
***=Significant at .01 
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Table C4. Regresion Coefficients of the Linear Production Function 
for Major Crops. Dependent Variable=Grain Output 
(kilograms). Model 3.1. 

Crops 

Red Millet/Whi te All 
Maize Sorghum Sorghum Cereals 

R2 .629 .865 .722 .695 
~ .295 .806 .582 .646 
F 1.9 14.6 5.2 14.1 
Degrees of Freedom 20 50 40 148 
Land (hectares) -103 837.0*** 134.2*** 130.1** 

(-.54) (5.43) (2.46 ) (2.26) 
Age (years) .29 8.38 -1.75 -1.22 

(.26 ) (1. 54) (-.47) (-.46) 
Organic Fertilizers (kg) -.030 .047 .068* 

(-1. 07) (.78) (1. 82) 
Mi nera 1 Fertil i ze rs (kg) -12.95+ 11. 07+ 1.16 8.17*** 

(-1. 33) (1. 58) (.39) (2.99) 

Frequency of Fertilizer 5.26 31.5** 24.5 26.63*** 
Application (years) (.91) (2.13) (1. 09) (2.54) 
Frequency of Groundnut -16.1 124.1* 72.4 
Planting (years) (.11 ) (1. 94) (1. 06) 
Date of Planting (days) .40 -.34 .184 -.15 

(.19) (-.14) (.12) ( . 12) 

Time Lag Planting .37 -.55 -1.08 -.75 
First Weeding (days) (.18) (-.80) (-.70) (1.19) 

Hand Tool Labor for 5.96*** -.53 -.66 -1.74*** 
Seedbed Preparation (hrs) (3.00) (.52) (1. 20) (-3.44) 

A. T. Labor for Seedbed .56 -.61 .96** 1.11*** 
Preparation (hours) ( . 15) (.39) (2.41) (2.43) 

Hand Tool Labor for 1.07 -.02 .59+ 1.88*** 
Weeding (hours) (.98) ( .02) (1. 35) (6.28) 
A. T. Labor for Weeding 7.43 3.92*** -.014 1.60*** 
(hours) ( .68) (2.55) (-.03) (3.24) 
Hand Tool Labor for -2.77 2.80+ 1.05 1.68** 
(hours) (-.92) (1. 52) (1.25 ) ( 1. 90) 
A. T. Labor for Late -.26 .95 1.61+ 
Ridging (hours) (.08) (1 .03) (1.54) 
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Table C4~ continued. 

Crops 

Maize Red Mi11et/Whi te All 
Sorghum Sorghum Cerea 1 s 

Upland Rocky Soils (S10) 32 -108 -83 -111+ 
( .80) (-.86) (-.57) (-1. 35) 

Upland Gravelly Soils 93** 46 19 -18 
(Sll) (2.51) (.48) . ( .21) (-.30) 
Upland Sandy/Gravelly 10 -33 -59 -9 
Soils (S12) (. 26) (-.35) (-.72) (-.14) 
Upland Sandy Soil (S20) 0 0 0 0 

Leached Sandy Soils -274+ -178 
(S21) (-1.40 ) (-.67) 
Lowland Vertisoi1s -. 13 145 50 -73 
(S40) (-.28) (. 87) ( .58) (-.88) 
Lov/1and Sandy-Silt Soils 40 19 -45 -18 
(560) (1.15) ( .18) (-.58) (-.30) 
R1a 0 00 

R1b 27 214+ 6 
(1.06 ) (1. 46) (. 06) 

R2 0 260*** 
(2.67) 

R3 63 260*** 
(.34) (1 .93) 

R4 122 -91 162** 
(.81) (-1.01) (2.18) 

R5 0 0 

Cereal Cowpea Density 
Constant Tem -61.97 -340.4 157.07 -2.86 

(-.46) (1. 35) (1. 27) ( .03) 



Table C5. Regression Coefficients of Farm Level Linear Production Functions • 

Variables Used in - - - - - - - - -
. Dependent Vari able 

The Estimation Grain Out~ut (kilograms) Value of Out~ut (CFA francs) 
Inter-Field Inter-Field 

Inter-Farm Variations Variations Inter-Farm Variations- Variations 

Statistical Model (5.1 ) (5.2) (5.1) (5.1) (5.2) (5.1) 
Degrees of Freedom 19 19 179 19 19 179 
Land (A) in hectares 82.25 9.80 -74.6 8,884+ 4,295 1,416 

(.60) ( c06) (-1.42) (1. 43) (.59) ( .62) 
Organic Fertilizers .102+ .104*** 6.3* 4.50*** 
Applied (Qma) in kg (1.38) (2.82) (1.88) (2.81) 
Organic Fertilizer .084 5.4 
Produced (~p) in kg (.74 ) (1.01) 
Mineral Fertilizer 12.69** 10.58+ 8.58*** 579** 443+ 300.0*** 
Applied (Qf) in kg (2.17) (1.48) (3.16) (2.18) (1. 33) (2.53) 
Hand Tool Labor .84** .88*** .86*** 38.2*** 40.9** 30.9*** 
(MN) in hours (2.77) (2.62) (5.72) (2.77) (2.60) (4.70) 

Animal Traction Labor .706 1.19*** 1.26*** 25.8 55.8* 49.5*** 
(ATN) in hours (1.01 ) (1. 72) (4.74) ( .81) (1. 74) (4.28) 
Constant Term 471.0+ 403.1 116.6*** 19,527 14,994 7,488*** 

(1.37) (.94) (4.33) (1 .25) (.75 ) (6.38) 
R2 .737 .719 .551 .783 .756 .558 
jf .668 .645 .538 .726 .691 .546 (.t.J 

.r.>o 
U1 

F 10.65 9.71 43.8 13.72 11.75 45.30 
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Summary of Types of Data Gathered, Methodology and Personnel Used. 

DATA 

1. Village history and land tenure 

2. Demographic data and household history 

3. Farm AT equipment inventories 

4. Field history & tenure from 1976-1981 

5. Input-output data for 1981 season 

6. Field Characteristics (plant densities s 
soil types, field slopes, etc.) 

7. Farm yard manure production 

8. Inputs obtention {fertilizers, seeds, 
tools, etc.} 

9. Acacia Albida yield plots tests 

10. Crop and livestock purchases and sales 

11. Local market prices for crops 

METHODOLOGY PERSONNEL 

One Shot Interview Author 

One shot interview Author & 
Enumerators 

One shot interview Enumerators 

Repeated one shot interview (twice) Enumerators, 
in Farmers' fields Author 

Cost-route weekly interviews s Enumerators 
weights of local units used, & 
field size measurement 

Field observations and measures Enumerators 

Measures Enumerators 

One shot interview Enumerators 

Measures inside yield plots Enumerators 

Weekly interviews Enumerators 

Interview and measures on market Enumerators 
days 

w 
~ 
"'-.I 



Summary of Types of L~ta Gathered, Methodology and Personnel Used, Continued. 

12. Local soils survey and soil sampling Mapping, surface morphology· and 
profiles analyses. A-horizon 
sampling on 1/3 of all sample 
fields and fallows. Samplings with 
rings on pit sites 

Author, soil 
lab techni ci ans, 
enumerators 

13. Soil samples physical and chemical analyses Standard F.A.O. soil lab 
Ouagadadougou, 
Upper Volta 

14. On-farm livestock inventories 

15. Factors affecting soil fertility 

16. Daily food consumptions and transformation 
ratios for various crops. 

17. Secondary experimental data from research 
stations 

Interviews and countings Enumerators 

Repeated interviews and informal Author, 
discussions with farmers, farmer's enumerators 
organizations, extension agents 
and agencies. 

Measures Author, 
enumerators 

Literature review Author 

w 
~ 
ro 
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ACTIVITES 

Pre liminaire 

I 
Derrichage 
Brulure 

Preparat10n du Sol 

• 01 
• 02 

Rayonnage • 11 
Labour c 12 
buttage avant .em1s c 13 
D1guette • 11i 

Fumure-En5rais-Traiteme~ 

Transport 
Epandage 
Pulverisage 

Semis-Resemis-Repiguage 

Semis 
1er Resemis 
2e Resemis 
3e Resemis 

etc ... 
. Repiquage 

Den;ar!age 

Sarclage 

1er 
2eme 
3eme 

eto ••• 

Buttage apres semis 

Reoolte 

• 21 
.. 22 
.. 23 

.. 30 
II 31 
.. 32 
.. 33 

.. 39 

.. 51 

= 61 
.. 62 
= 63 

.. 71 

Coupe de Tiges .. 81 
Coupe des epis· .. 82 
Deterrage = 83 
Cuo!tte .. 84 
Transport de Produita ~ 85 
Transport de aous produits .. 86 

1 = Non-Battu 
2 = Battu 
3 = En Coque 

4 = Decort1que 
9 = Code Non-Appl. 

TYPE D'ANIMAL 
= Boeuf 

2 .. Ane 
3 .. Cheval 
Ij .. Hulet 

LOUER 
1 = Non -3-= Outil 
2 .. Animal Ij = Animal & Outl1s 

OUTILS POUR TRACTION ANIMALE 
1 = Charrue 
2 = Houe Manga 
~ .. Sarcleur 
4 = Butteur 

5 = Rayonneur 
6 = Semoir 
7 .. Charrette 
8 • Tractel.lr 

CATEGORIE DE TRAVAIL 
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CODES POUR FICHE 02 

CULTURES I SEMENCES , RENDE~~NT, PAIEMENT EN NATURE 
01 .. Petit Hil 24 = Hertle pour Sauce 
02 .. Sorgho Blanc Local 25 = Aubergine 
03 = Sorgho Rouge Local 26 = Epinard 
04 .. Sorgho Ameliore 27 "' Chou fleur 
05 ~ Male 28 : Carotte 
06 • Riz 29 = Haricot Vert 
07 = Fonio 30 .. Canne a Sucre 
08 = Arachide 31 .. Coton 
09 = Niabe 32 = Tabac 
10 = Soja 33 = Indigo 
11 .. Sesame 34 = Tiges de Hil 
12 .. Pois de terre 35 = Tiges de Sorgho 
13 = Pomme de Terre 36 = Fane d'Arachide 
14 .. Manioc 37 = Foin de Riz 
15 .. Igna~ 38 = Feuilles de Soja 
16 = Patate 39 = Cola 
17 = Calebasse 40 = Rapas 
18 = Piment 41 = Dolo 
19 = Oigons 42 = Dolo et Repas 
20 .. Tomates 43 = Fabirama 
21 = Salade 44 = Pois Sucre 
22 = Gombo 45 = Das 
23 = Ose11le 50 = Hixte 

UNITES DE HESURE 
01 = Petit Panier en Paille 22 = Bo!te 
02 = Moyen" " 23 = Tas 
03 = Grand" " 24 = Boule 
04 .. Petit Panier en Bois 25 = Boite de Pate 
05 = Moyen" " 26 = Petite Louche 
06 = Grand II " 27 = Moyenne 
07 = Tine ORDa 28 = Grande n 

08 = Tine Locale 29 = Charrette rempl!e 
09 = Sac de 25 Kgs. 30 = Tete 
10 =" II 50 " 31 = Unite 
11 = n "100 II 32 = Epis 
12 = D'autres Sacs 33 = Grenier 
13 = Assiette Yorba 34 = Tresse de Mals 
14 = Grande Assiette 35 = Brouette 
15 = Petite Calebasse 36 = Brassee 
16 = Moyenne " 37 = Coudae 
17 = Grande" 38 = Petit Canari 
18 = Petit Seau 39 = Moyen Canari 
19 .. Hoyen Seau 40 =. Grand n 

20 = Grand Sea'l 1i1 = Poignie 
21 = Rouleau 99 = Code non Appl. 

1j8 = 
49 = 
50 = 
51 ... 
52 : 

FUHURES , INSECTICIDES 
Fumier de Boeuf 60 = Phosphate Nature I 

" Chevre/Houton 61 = Engrl.lis Arach1de 
" Cheval/ane 62 = Engrais coton 
I, Cochon 63 = Uree 
" Vola111e 64 .. Gamagrins 
" Concession 65 .. DDT 
II Paille 66 ~ HeM 
" Son/Panicule 67 .. Lindale 
"Hixte 68 = Thioral 

Insecticide Coton 69 = Excrement de Chauve-

1 = I~vitation ij • Culture de 
2 =. Manoeuvre paye 5 • Culture de 

53 .. 
54 .. 
55 :: 
56 " 
57 = 
~8 .. 

ftanC\S9 = 
Dechet de Peche souris 
Compost 70 = Excrement Huma1n 

71 .. Cendre 
72 = Residus de Baobab au temps groupement 

3 = Manoeuvre paye 6 • Autres 
Ii 18 tache 
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12. GESTIO~ 011 SOL 354 

Parcel It' Zono _________ _ Chef do Henaee Enqu.;Leur __________ _ 
V1U1ee, ________ _ Terrolr nO _____ IdenUf1cntlon ____ Olotane. de l'bablL.L __ 
QuarU.r _______ _ Parcell. nO ____ IdenLlrl"aUon, _____ -..:D.Le _____ _ 

ANNEES --. 19'76 1977 1978 1979 1980 1981 rrequenc( Dernierc JaC:h~re 

Cultur •• Fin ~pulo ---
Dur.e 

Fumure 

Rot.ations 
Re.ldu. de 
RecoHo 

f.!:!ll!!ill A!!! 
~bour 
Rayonnage 

Blllonnage DePU1O~ 
SuUag. Ouand 

Anti-Ero.lon 

Utillsateur du tvee de 50J. 
Terrain 

Proprietalre 
du Terrain 

Hode d' acquisition 
~ du droit d'u:sage 

Droit re~u do ~ 

Temps d'usige aar a l'aven1r Ac.cia Albida E-aobab 

POIDS S81E1ICES/C~1. TUr.ES RECOl TEES{FUlllER 

VIll~Gr QUAATlEn 

CHEF nu IIEIIACE EHQUETEUR _____________ _ 

QUAHO I'LSE 
S TROIS UIlITES IjiJ " IIO'/EI!lr 0 CHAlI' 

~tiUIl E r. Iere 2 .... 3eme 
NOliBnE TOTAL ,/lTr 11015 0' TYPE H II UlIITE 

IOEllTlrICATlOlI KG KG KG KG/UiIITC mo. ? _L 
II· UIIIHS KG 

I I I I I 

I I I I I 

I I I I I 

I I I I I 

, I I I I 

I I I I I 

I I I I I 

I I I I I 

I I I I 
-~ 

I I I I I 

I I I I I 

f-
I I I I I 

I 

I I I I I _. 
I I I I I 

I I I I I 
~.-

I I I I I 

-
I I I I I 

--. -
I I I I I 

I I I I I --
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CODES rICHES 12 et 15 

LABour; 
---001= Pas de labour 

01 = Scarifiaoe ou rayonnage ~ Ie main 
11 = Rayonnaqe avec traction asine (Ane au Cheval) 
12 = Rayonnage avec traction bovine 
02 = Labour 3 la dab a 

311 = Houe l1anga lraction asine avec 1 ~ne ou cheval 
312 HQue f-Janga lraction asine avec 2 i3nes ou chevaux 
321 : Houe l1anga lraction bovine avec 1 boeuf 
322 -: Houe l'langa traction bovine avec 2 boeufs 
411 : Charrue traction anima1e avec 1 ane ou 1 cheval 
412 = Char rue traction anima1e avec 2 anes ou 2 chevaux 
421 = Charrue traction aninm1e avec 1 boeuf 
422 = Cnarrue traction animale avec 2 boeufs 
05 Tracteur 

ANTI-EROSION 
o = Rien 04 = Cailloux 

01 : Canal 05 Paille 
02 = Diguette 06 : Terrasses 
03 : ragots piqu~s ou 07 Autres (Preciser) 

bois 

HERITAGE Composer les codes en uti1isant 1es codes de 
propri~taires et utilisate~rs 

8-1 : Pere du chef de m~nage 
88-1 = Grand-pere du chef de m~naqe 

B-2 = Pere de la 1ere femme 
10-3 = Frere de la 3eme femme 
99-2 = Grand-mere de 1a 2eme femme 
12-2 = Onc1e de 1a 1ere femme 

BILLONNr,GE, SUTTAGE 
00 : Pas de bil10nnaqe ou buttaqe 
01 : Sutlage avant semis ou bil10nnage 
02 = Suttage apres semis 
n1 = Usa~e des buttes de l'ann~e r~Sg~p 

;;our Ie semis 

IlTJLISI\TEIIR, PIlOPRI[TAIRE, LIEN 
100 = Tout Ie mcncge 

1 = Chef de menaqe 
2 = lere femme 
3 : Enfanl lere femme (nom) 
4 : 2;~'I1e femme 
5 : infant 2eme femme (nom) 
(, 3cme femme 
7 [nfant 3~me fenme (nom) 
8 : Pere (du chef de menaqe) 
9 ilere (du chef de menage) 

10 : Frere (du chef de m~nage) 
11 Soeur (du chef de m~nage) 
12 Oncle 
13 : Tante 
14 : Cousin 

Cousine 15 : 
16 : Ami du village 
17 = Ami d'un autre village 

aUL\NO 
1 = 5aison sed.e 
2 = Saison p1u'Jieusp. 

,'lODE 
P = Membre permanent 

toute l'ann~e 
i·l = i1igrant dans 

l'ann6e 
N = I~e dans l' annee 
D : Jec~d~ au cours 

de l'annee 
V = Visileur dans 

l'annee 

PRODUCTIm~ 

18 = 
1') = 
20 

Connaissance ou voisin du vi11aqe 
Connaissance ou voisin d'un autre viI. 
Autre (sp~cifier entre pare'thes~s) SF:XE 

~t·tasculin 
F = F~ll'injn 

o : N'a rien produit 
1 = A participe a la 

production 

DUREE : en mois 

P.ESIDIJS DE RF:COL TE 
Lo = Laisse en entier et non pait par 1es animaux 
Ll = Laiss~ et pait cn partie par lcs animaux 
L2 = Laiss~ et entierement pait 3ar Ius animaux 

R1 Recolt~ en partie pour les 3esoins du m~nage 
R2 = R~co1te en cntier pour les 3esoins du m~nage 

Al = SrOl~ a la fin des recoltes 
~2 = Or01~ avant semis 

El Enfoui par labour dans Ie SJl apr~3 r~co1le 
E2 = Enfoui par labour avant semis 

11; 0 D_I!: .• 

1. - Ach<\t. 

2. - Don 

3. - Heritage 

4. - Pret 

w 
U1 
U1 
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