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FOREWORD

Once a net food exporter, Sub-Saharan Africa is now the only major area of the
world where the per capita food supply has been declining for the last two decades.
Despite massive food imports and aid, the deterioration of the food sector, coupled
with rapid population growth, has caused many Africans to face food shortages and
other hardships.

The agricultural policies followed in many parts of Sub-Saharan Africa have played
an important role in moving the region from a net food exporter to a net food importer.
This report on food production in Zaire is the first in a series of studies being undertaken
by the Food Production Policy Program at IFPRI on factors impeding food production
in the smaltholder sector of the region.

In this research report, Tshikala B. Tshibaka describes the state of the small-farm
sector in the Zairian Basin and identifies different constraints affecting productivity
and hence the volume of food output this sector produces. This study not only adds
to our knowledge of the Zairian economy, but it also constitutes a useful addition to
the information bank that policymakers need in order to formulate consistent agricultural
policies.

The Zairian Basin represents an important agroecological region in Africa, that, as
is clear from the report, has immense problems that should be studied if the many
people in the region are to participate actively in the development process. We partic-
ularly hope that this research, appropriately modified, will serve as a prototype for
further analyses of the conditions for improvement.

This study, conducted in collaboration with the Institut Facultaire des Sciences
Agronomiques (IFA}), Yangambi, Zaire, was partially funded by the International Devel-
opment Research Centre of Canada (IDRC). IFPRI and IFA are grateful to IDRC for its
encouragement and consistent support of this and other research work on Sub-Saharan
Africa.

John W. Mellor

Washington, D.C.
June 1989
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SUMMARY

Most agricultural projects initiated by the government of Zaire in the small-farm
sector during the last two decades to improve a worsening food supply situation have
failed mainly as a result of limited knowledge about constraints affecting the develop-
ment of the sector. This study was undertaken to fill this gap. The study area is located
in the Zairian Basin, which is part of a tropical rain forest zone. The zone includes
large parts of Equateur, Haut-Zaire, Sud-Kivu, Maniema, Kasai Oriental, Kasai Occidental,
and Bandundu regions, and a small part of the Bas-Zaire region. The Basin also extends
beyond the Zairian boundaries to include a part of the Congo.

The Basin is ecologically more suited to perennial (tree) crops than to annual (food)
crops. Most robusta coffee, cocoa, natural rubber, and palm oil trees are grown on
plantations. The area is the major zone in the country for growing tree crops, as well
as rice and plantain. Small-farm households primarily grow staple food crops, mainly
rice, maize, cassava, and plantain.

Land is readily available in this sparsely populated zone. The mode of farming used
by small farmers in the production of food crops is the slash-and-burn fallow system.
Because of the fragility of the soils, a long fallow period is called for, preferably after
every cropping season. Consequently, labor is required each crop year to open new
plots of cropland by slashing, burning, and clearing. The poor state of roads and other
infrastructure severely limits marketing possibilities for crops.

The study points up two basic facts: the amount of resources, varticularly labor,
allocated to farming in the Zairian Basin is small, even by African standards, and the
productivity of these resources is also low. During the 1982/83 crop year, an average
of 271 man-hours was devoted to agriculture per man-equivalent (which takes into
account differences in age and sex) out of 776 man-hours devoted to economic activities.
Farming's share of productive labor time was only about 34.9 percent. The remaining
work time was allocated to hunting, fishing, gathering, handicrafts, and commerce.
The study also reveals that only a small amount of capital was allocated to farming,
and this was limited to a few hand tools and rice and maize seeds produced on-farm.
On average, each household spent about 75.40 zaires (Z) on tools and Z25.34 on seeds
during the 1982/83 crop year (25.75 equaled US$1.00 in 1982/83). Because so little
labor and capital (tools) were allocated to land preparation, the amount of area cultivated
was also severely limited. A 1.00 percent increase in labor devoted to land preparation
would increase cultivated area by 0.75 percent, and a 1.00 percent increase in tools
would increase it by 0.25 percent. As it was, cultivated area per household was only
0.67 hectare, about 0.22 hectare per man-equivalent.

The analysis also indicates that, despite the small area cultivated, the amount of
labor input per hectare was high compared with other parts of Sub-Saharan Africa and
Asia—about 1,230 man-hours per hectare during the 1982/83 crop year. Overall, a 1.00
percent decline in cultivated area would increase labor use per hectare by 0.42 percent.

In the study area, labor was more productive on cassava and plantain than on rice
and maize. The average product of labor was about 0.58 kilogram of cereal-equivalents
per man-hour for rice and 1.22 kilograms for maize in 1982/83. For cassava, the
productivity of labor was 6.62 kilograms and for plantain, it was 3.17 kilograms of
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cereal-equivalents per man-hour. Overall, the productivity of labor input was estimated
at about 3.08 kilograms in rereal-equivalents per man-hour, and labor input was the
major contributor to overall food cr:p s itput in the Zairian Rasin. Labor contributed
78 percent to food crop output and capitel contributed 22 percent.

The study indicates tiiat, aiven the current agricultural resource base, the produc-
tivity of labor input ceuld be significantly incieased if each household in the area were
to allocate mo e labor to farming, especially to land preparation, because labor produc-
tivity increases with the size of cultivated area. Domestic terms of trade between crop
and noncrop products and the availability of capital are the key variables «ffecting the
amount of labor allctated to farming in the Zairian Basin. The elasticity of labor input
devoted to farming, per man-equivalent with respect to the domestic terms of trade of
farm relative to nonfarm products was 0.38 and that with respect to capital input was 0.28.

Policies to improve domestic prices for farm products and the amount of capital
input should include development of infrastructure tuch as roads; transportation, dis-
tribution, and marketing facilities; and rural capital markets. In addition, investments
in new technology such as improved seeds and fertilizers offer some opportunity for
improvement, particularly in the production of cereals in the area.
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2

INTRODUCTION

Background and Objectives of the Study

Since the 1970s, per capita food and agricultural output in Sub-Saharan Africa have
been declining as a resuit of the low land and labor productivities that characterize
African smallholder agriculture. Economic studies have mostly approached the develop-
ment problems of smallholder agriculture in terms of land-labor relationships, and in
so doing, they have underestimated the role of capital in the development process
(Cleave 1974; de Wilde 1967). These studies have at least partly influenced agricultural
policies and led many policymakers to believe that food and agricultural output can be
increased mainly through land expansion. As a result, the introduction of capital inputs
(such as fertilizer, high-yielding seeds, pesticides, irrigation, and equipment) and im-
proved agricultural techniques in the small-farm sector, as well as the development of
physical infrastructure and rural institutions, have received limited attention. This
largely explains why the productivity of land and labor is currently so low.

In comparison, i. Asia, where land expansion is no longer a feasible solution to
growth in food and agricultural output as a result of high population pressure, researchers
and policymakers reached a consensus tha 1 fundamental structural change in the
land-labor-capital relationship had to be ini.. =d if a respectable growth in food and
agricultural output was to be achieved. In the process, this consensus led to a policy
framework that promotes extensive use by smallholders of capital inputs, which encom-
pass both land-augmenting and labor-consuming technologies. This technological change
has led to a substantial upward shift in the productivity of both land and labor in Asia
(Hayami and Ruttan 1985; Mellor 1976).

Evidence pertaining to Sub-Saharan Africa suggests that the expansion of cultivated
area in the region resulted in a modest increment in food output during the 1961-80
period, while the share of yield increase in the growth of food output was negligible
(Paulino 1987). Consequently, the rate of growth of food output has not kept pace
with population growth in the region. This situation has led to massive food imports,
which have drained limited foreign exchange earnings and hence constrained the ability
of the countries in the region to improve and expand the productive capacity of agricul-
ture and of the rest of the economy.

Zaire is one of the countries in Sub-Saharan Africa where the food supply situation
has been deteriorating at an alarming rate for at least two decades. The annual average
growth rate of domestic staple food crop output, which was about 4.0 percent during
1966-70, declined to 1.6 percent during 1971-81. The annual average growth rate of
cereal imports decreased from 11.2 percent during 1966-70 to 10.4 percent during
1971-81, due to restrictive trade and exchange rate policies. The annual average growth
rate of the total staple food crop supply (including imports) declined from 4.1 percent
during 1966-70 to about 1.8 percent during 1971-81, while the annual population
growth rate was about 2.8 percent during the period (Tshibaka 1986).

The widening gap between food supply and population growth has created hardships
for many of the people of Zaire. A 10-year field study on nutrition and health revealed
that malnutrition has been spreading rapidly (World Bank 1980). Average calorie intake
was only 80-90 percent of minimum requirements, indicating that food production

11



and imports fell short of meeting growing food needs. To reverse the trend, the Zairian
government initiated a number of agricultural projects, including programs to expand
production of rice, maize, cassava, and pulses, and introduction of grain marketing
boards and farmer cooperatives. Most of these projects failed to meet expectations
(Kapambwe 1974; Lititiyo 1977). Limited empirical evidence indicates that they were
formulated and implemented with little knowledge about key constraints affecting the
development of the small-farm sector. For example, in the rain forest zone known as
the Zairian Basin, it was found that the pattern of labor allocation among different
household activities constitutes one of the major constraints to increased farm output.
A survey conducted in 1974/75 on a small sample of 17 households in the Zairian
Basin, specifically in Yalibwa, Turumbu Community, indicated that farming claimed only
11 percent of adult male labor time and 27 percent of adult female time (Tshibaka 1975).

A detailed study of the farming system was needed to reveal not only the key
determinants of labor allocation, but also other major constraints to increased food
output. To this end, this study examines the following basic questions. First, what is
the household resource base for small farmers? Second, how are these resources allo-
cated between farming and nonfarining? Third, what are the key determinants of this
resource allocation, and what are the implications for the farm sector? And fourth,
what is the level of resource productivity, and what actions need to be initiated to
improve it?

Data Source and Limitations

A joint study by the Institut Facultaire des Sciences Agronomiques, Yangambi, Zaire,
and the International Food Policy Research Institute, Washington, D.C., was undertaken
with the support of the International Development Research Centre of Canada to
provide basic data that could help the government of Zaire formulate consistent agricul-
tural policy to enhance the production of rice and other fooc crops in the Zairian Basin
in particular and in the couantry as a whole.

The Zairian Basin is pai. of a tropical rain forest that covers almost 40 percent of
the Zairian land area. Tree crops—robusta coffee, palm oil, rubber, and cocoa—are
mainly grown in this fores' zone. The zone is also the major growing area for rice,
cassava, and plantain in the country. Zaire is currently divided into | | regions (prov-
inces): Kinshasa, Equateur, Haut-Zaire, Maniema, Nord-Kivu, Sud-Kivu, Shaba, Kasai
Oriental, Kasai Occidental, Bas-Zaire, and Bandundu. The rain forest includes a part
of each of these provinces, except Kinshasa and Shaba. Each province (region) is, in
turn, divided into districts (subregions) and each district into zones {eounties).

The data used in this researci: report were derived from a cost route survey con-
ducted from September 1982 to August 1983 by the author in Turumbu, Mongandjo,
and Bomaneh rural communities located in Isangi and Basoko zones, Tshopo District.
This subregion is located in the rain-forest part of Haut-Zaire Province (see Figure 1).!
The study area covered in the survey was divided into six subareas on the basis of
available infrastructure (the road network system), and a sample of 180 households,
30 from each subarea, was drawn. To increase the sample efficiency (to lower the
sampling variance}, the 30 households were chosen following a proportionate, stratified

! This type of survey has been widely used in Africa. For detailed information, see: Purdue University
(1980}, Zuckerman (1979}, Mation et al. (1979), Shapiro {1973}, Norman (1973a), Elliott e al. (1970},
and Winch (1976).
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Figure 1—Map of Zaire

Haut-Zaire

Kinshasa Sud-Kivu

Kasai Oriental

Bandundu

Bas-Zaire Kasai Occidental

Districts of Haut-Zaire Province

Haut-Uélé

Study area

Zairian Basin

Zairian Basin

Source: Based on data from Tshikala B. Tshibaka, “Food Production in the Zairian Basin, Zaire, 1982/83," Institut
Facultaire des Sciences Agronomiques, Yangambi, Zaire, and International Food Policy Research Institute,
Washington, D.C., 1986 {computer printout),
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sampling procedure (Rossi et al. 1983; Upton 1973). First, a number of villages were
randomly drawn in each subarea. Second, taking accoun: of the population of selected
individual villages, a given number of households were randomly drawn in each village.

One enumerator and an aide were posted in each subarea for one crop year. “wo
research assistants were allocated to .he project to help supervise the survey. Selected
households were visited by enumerators four times a week for one crop year and two
techniques of data collection were used: interview and direct measurement. For various
reasons, 48 households did not provide all the required data, and were eliminated.
Hence, at the end of the survey, data from only 132 households were r=tained. Data
were collected on population, infrastructure, inout, output, and prices. Enumerators
measured perimeters and triangles of land under Crops using tape measures, compasses,
and pickets, and cultivated area was estimated by the triangulation method.

The most serious limitation of this type of survey nas always been the assessment
of time spent on different activities, which is affecied by farmers' own judgment and
that of the enumerators. With regard to capital, farmers do not easily recall the monetary
value of their tools and the date of acquisitiori. These limitations are hard to avoid in
a situation where most farmers are illiterate or do not keep records.

In a system where mixed cropping is the most prevalent mode of production, the
estimation of cultivated area, labor, and capital allocated to individual crops presents
a number of unresolved practical and methodological problems. To circumvent these
difficulties, the researcher is tempted to convert all food crop outputs into cereal
equivalents and to proceed with the computation of input/output relationships without
haviig an idea of how much area is allocated to individual crops. This approach is
inappropriate for a number of reasons. First, there is a hicrarchy of crops in mixed
cropping. There are major and minor crops in the same field. For example, other things
remaining the same, a field sown mainly with rice is different from a field mostly
pianted with cassava, both in resource requirements and yields expressed in cereal
equivalents. Hence, an estimate of the share of area allocated to each crop is indispensable
for reflecting the effects of various crop mixes. Second, it would be difficult to answer
a number of crop-specific questions that are of policy interest if crops were lumped
together, such as the productivity of resources used in the production of individual crops.

A statistical method proposed by the Institut National des Statistiques et d’Etudes
Economiques de France was adopted to estimate the cultivated area allocated to indi-
vidual crops. For a description of this method, see Appendix 1. The proposed method,
notwithstanding its limitations, provides estimates that are useful when studying a
mixed-crop farming svstem (Norman 1072).

The allocation of time spent on nonspecific farm operations such as land preparation
and weeding among individual crops was performed on the basis of area shares of
individual crops. For capital tools-—mainly hoes, cutlasses, and hatchets—the labor
time allocated to each of the four crops expressed as a fraction of total labor time
devoted to farming was used as a weight to calculate the depreciation of capital tools
(in zaires) used in the production of each of the crops. This appreach is supported by
the fact that most of the tools used in the area are hand-held; therefore, their use is
highly correlated with labor input per crop. For example, tools must be used much
more exiensively on 1 hectare of rice than on 1 hectare of plantain. To estimate crop
densities and yields, a yield plot method was used (see Appendix 1).
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THE STUDY AREA

Ecology of the Study Area

The study area is part of the Zairian Basin, a forest zone in the humid tropics of
Africa. Rainfall averages about 1,800 millimeters a year with bimodal precipitations.
There are two rainy seasons—one between March and May and the other between
August and November—and two dry seasons—one between January and February and
the other between June and July.

The area receives an average of 1,972 hours of sunshine per year, representing 45
percent of the days of possible sunshine, most of it concentrated during the drier periods
of the year. The limited sunshine constitutes an importan; ecological constraint to crop
production. Temperatures in the area average 25.5° C (Crabbe 1970; Bernard 1945).

Soils are leached. High surface heat and hard, frequent rains lead to rapid break-4down
of organic soil materials (Sanchez 1979). As a result, fertility is low. Once land is
cleared and put under cultivation with annual crops, soils are rapidly depleted. The
forest that cove s the Zairian Basin is rich in flora and fauna. Birds, pests, and diseases
constitute a major environmental threat to food crop production in this area.

Small-Farm Agriculture in the Zairian Basin

The small-farm sector, the core of this study, includes subsistence-oriented farmers
who cultivate less than 5 hec:ares of land each crop season. Inputs are limited to simple
ha' 4 tools such as cutlasses, hoes, and hatchets, on-farm crop seeds, and household
labor. Use of hired labor is uncommon in the area. Land is abundantly available to
every household. All the staple food crops--cassava, plantain, maize, and rice—are
produced under a mixed cropping system.

Small-fartn production of robusta coffee is negligible and production of cocoa and
natural rubber by small farm ', is almost unknown. None of the households selected
in the sampling process prc...«ces coffee. A substantial share of households, however,
exploit wild palm oil trees. Since the palm oil tree is a native of tropical Africa’s rain
forest, which includes the Zairian Basin, the small farmer’s production of palm oil is
considered to be a gathering rather than a farming activity. As for livestock, the rain
forest zone of Sub-Saharan Africa is not suitable, especially for cattle raising, because
of the tsetse. Although a few households keep a small number of goats, pigs, or chickens,
livestock raising as an economic activity is negligible. The study area derives most of
its animal protein requirements from hunting and fiching.

The forest area of the humid tropics of Africa is ecologically more suitable to
perennial (tree) crops than to annual (food) crops (Jurion and Henry 1967). Since the
cclonial era, the Zairian Basin has been the major tree-growing area in the country.
The main tree crops produced are robusta coffee, cocoa, natural rubber, and palm oil
for export. These crops are mainly produced on privately owned, large-scale plantations,
using modern equipment and machinery, hired labor {who live on the plantations),
and modern agricultural and managerial techniques. Because roads in the study area
have detericrated drastically, few plantations are now operating there.

15



Tree crop agriculture uses the land—the most abundant resource in the country—
most intensively, and it approximately recreates the natural environment by replacing
the natural forest with an artificial one made up of tree crops. As such, its negative
effect on the environment, particularly on soil and forest conservation, is small. In
contrast, small-farm agriculture uses the land extensively under a shifting mode of
cultivation. That is, the same farm fields are planted with a mix of rice, maize, cassava,
and plantain. Maize is harvested three months after sowing, and rice in four, whereas
cassava and plantain occupy the land for a period that extends into the new cropping
season, hence compelling farmers to open new plots of forest or fallow at the beginning
of each cropping season. When cassava and plantain crops are harvested, the fields are
then left fallow. Under this cassava-based system, farm fields are generally cropped for
one season and then left fallow for a number of seasons.

[t follows then that, from a long-run ecological standpoint, in the Zairian Basin, the
appropriate small-farm agriculture to promote is a tree crop production system. Once
food markets begin to operate adequately, small farmers could purchase food, but in
the short run food can be produced for home use at much lower factor returns than
in tree crop production. The logical tree crops to promote among small farmers are
palm oil, coffee, and cocoa.

The first step in an effort to enhance regional crop specialization in the country is
to initiate a weli-planned, long-term investment program to develop infrastructure such
as roads, river transport, and distribution and marketing channels.

Study Population

The study area, located in Haut-Zaire Province, Tshopo District, includes three
cemmunities: Turumbu people in the administrative zone of Isangi; Basoo people in
Bomaneh, Bomenge Rural Community; and Bangelima people in Mongandijo Community
in the administrative zone of Basoko.

These ethnic groups mainly depend on farming, hunting, gathering, and fishing for
their living. The total population of the area was estimated at 49,103 people in 1981. Its
annual population growth rate was estimated at about 1.2 percent, which was substan-
tially lower than the national average growth rate of 2.8 percent per year (Zaire 1983).

Data are drawn from 53 households in Turumbu Community, 53 househoids in
Mongandjo, and 26 households in Bomaneh, Bomenge Community (see Table 1). The
sample population of 885 people is 48.1 percent male and 51.9 percent female.

The most productive age group, the 20-55 age bracket, accounts for 16.5 percent
of males and 22.7 percent of females. The 15-19-year-olds, the group that will be most
productive in the near future, includes 4.1 percent of the rnales and 3.4 percent of
the females. The age groups under 15 and above 55 account for 27.6 percent of the
males and 25.8 percent of the females.2 The sample population of 885 peaple represents
a total labor force of 400.8 man-equivalents of which 217.6 are males and 183.2 are
females. The factors used to convert people of different ages and sexes to man-equivalents
are yi. n in Appendix 1.} This gives an average of 3.9 man-equivalents per household
in Turumbu, 2.5 in Mongandjo, 2.4 in Bomaneh (Bomenge), and 3.0 in the study area

2In Zaire, farmers more than 55 years old are regarded as retired.
3 For more details see Collinson (1972). The total number of man-equivalents per household are given in
Appendix |, Table 28.
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Table 1—Structure of the sample population in the study area

Turumbu Villages Mongandjo Bomenge
Yangambi- Total Total Study
Kisangani Wekoand Yangambi- Turumbu Mongandjo Area
Sex/Age Group Road* Yambaw IsangiRoad” Community Bolikango Babendja Community Bomaneh Total
{number of people)
Males
Less than 1 year old 2 3 0 5 1 0 1 6 12
1 -4 years 12 15 9 36 12 6 18 8 62
5—9years 9 9 12 30 13 12 25 14 69
1014 years 13 8 6 27 3 9 12 9 48
15—19 years 14 5 6 25 6 1 7 4 36
20-55years 26 24 27 77 21 21 42 27 146
More than 55 years old 5 10 8 23 12 16 28 2 53
Total males 81 74 68 223 68 65 133 70 426
Females
Less than | year old 2 6 4 12 3 3 6 7 25
1-4years 9 S ¢ 23 6 7 13 14 50
5—9years 12 12 13 37 9 11 20 9 66
10—-14years 7 8 5 20 3 8 11 9 40
15— 19 years 5 9 9 23 4 0 4 3 30
20-55years 34 31 30 95 35 34 69 37 201
More tha~: 55 years old 6 9 4 19 14 14 28 0 47
Total females 75 80 74 229 74 77 151 79 459
Total number of people 156 154 142 452 142 142 284 149 885
Number of households 17 17 19 53 25 28 53 26 132

Source: Based on data from Tshikala B. Tshibaka, “Food Production in the Zairian Rasin, Zaire, 1982/83," Institut Facultaire des Sciences Agronomiques,
Yangambi, Zaire, and International Food Policy Research Institute, Washington, D.C., 1980 {computer printout).

2 Households in this group are located along the Yangambi-Kisangani Road up to 22 kilometers from Yangambi.

® Households in this group are located along the Yargambi-Isangi Road up to 20 kilometers from Yangambi.



as a whole. The 20-55 year age group, relatively more involved in farming, accounts
for 70.0 percent of the overall sample of which 36.4 percent are males and 33.6
percent females.

Basic Infrastructure in the Study Area

The Zairian Basin is the least developed region in the country, which is reflected
'n the poor state of the road network and consequently the transportation system.

iMost villages in the region are isolated or poorly connected to major markets and
uri+.. centers. There are differences from one group of villages to another in physical
condition of the roads and distances to rural markets or urban centers, making some
villages more accessible than others. Most Turumbu villages are served by the Zaire
River and the Isangi-Yangambi-Kisangani road. Local traders provide the sole means of
transportation on the river, the traditional canoe. The traders are Lokele people, who
play an important role in the distribution and marketing of farm and nonfarm com-
modities produced by Turumbu farmers. Although canoes are used all year round, the
volume of goods transported remains small, and the risk of shipwreck high.

The Isangi-Yangambi-Kisangani road, considered to be a major nationa! road, is
unpaved. Even during relatively dry periods of the year, the use of this road by vehicles
is limited. The 97 kilometers that separate Yangambi and Kisangani may be covered
in three hours in the best of weather conditions. During wet periods, the road is seldom
used by vehicles. The high level of precipitation in the Zairian Basin makes the use of
unpaved roads by vehicles difficult during most of the year. As a result, Turumbu
villages along this axis are poorly connected to Yangambi and Lotokila—the major local
markets in the community—as well as to Kisangani, the major urban center. Farmers
living along this road usually walk 4-23 kilometers, depending on the location of their
villages, to reach a rural marketplace.

A second group of Turumbu villages, even more isolated, includes Weko and Yambaw
in the remote forest. The road connecting these villages to Yangambi has deteriorated
to such an extent that it is no longer used by vehicles at all. Farmers bring their produce
twice a week to a local marketplace (which is | kilometer from Weko and 12 kilometers
from Yambaw}) for sale to traders, most of whom come from Yangambi by foot or bicycle.
The distance from this local market to Yangambi is about 42 kilometers.

In Mongandjo Community, farm households are served by the Aruwimi River and
two feeder roads. The 42-kilometer road connecting Bolikango to Basoko is the best
maintained in the entire study area. It was in fair condition for seven months of the
survey year, in poo: condition for three months, and in very poor condition for two
months. Farmers walk on foot 5-23 kilomeiers to reach three rural markets: Longote,
Bokote, and Baonde. The first two rural marketplaces are along the Aruwimi River,
while the third one is at the point where ihe Basoko-Baonde route crosses the Aruwimi
River. Farm and nonfarm products sold there are transported by traditional canoes or
vehicles to Basoko, an important river port and marketplace.

The 190-kilometer road connecting Babendja in Mongandjo Community to Basoko
is ihe second best road in the area. This road was in fair condition for five months,
and in poor or very poor condition for the rest of the 1982,53 crop year. Babendja
farmers walk 4-13 kilometers to reach a local market, where farm and nonfarm products
are sold and transported to Basoko either by road or by the Aruwimi River. The Aruwimi
River is used all year round by small boats and canoes. The distance by water from
Babendja to Basoko is about 105 kilometers.
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The 21-kilometer road connecting Bomaneh to Basoko in Bomenge Community is
no longer practicable for vehicles, and it is now left entirely to those on foot. Only the
Aruwimi River connects Bomaneh farmers to the two marketplaces, Baonde, 23 kilomet-
ers away, and Basoko, 24 kilometers. Canoes and small boats are the means of trans-
portation used by farmers to reach these rural marketplaces.

Table 2 summarizes data on the conditions of the roads and the navigability of
rivers in the area. It shows that Mongandjo and Bomaneh (Bomenge) farmers are in a
somewhat better position than Turumbu farmers. The negative impact of this poor
road network on the development of local marketing channels cannot be overemphasized.
In all, the transportation system in the study area is grossly inadequate. For this and
other reasons, few plantations are now operating in the study area, and none of the
surveyed households were employed by plantations. This low level of infrastructural
development constitutes one of the most important constraints to increased food and
agricultural output in the area.

Distribution, Marketing, and Pricing of Farm Products

The distribution, marketing, and pricing of farm and nonfarm products were regu-
lated under different policy regimes until September 1983, when prices of all farm and
most nonfarm products were liberalized, and restrictions imposed on domestic trade
were lifted (Tshibaka 1986).

The distribution of cassava, plantain, other root and tuber crops, game meat, fish,
handicrafts, and products from gathering have never been controlled by the Zairian
government. The demand and the supply of these products were and continue to be

Table 2—Practicability of roads and navigability of rivers in the study area,
1982/83 survey

Distance from
- . Primary (Locat)
Transport Route Condition of Road/River toS~condary Community Villages
Destinations Fair  Poor  VeryPoor Markets Served Served
(number of months) (kilometers)
Yangambi-Kisangani 0 5 7 97 Turumbu Villages along the
road Vangambi-Kisangani
road
Yangambi-Weko 0 0 12 42 Turtmbu Villages in remote
forest (Weko and
Yambaw)
Yangambi-lsanyi 0 5 7 97 Turumbu Villages along the
road Yangambi-Isangi
road
Basako-Baonde road 7 3 2 Ly Mongandjo Bolikango
Basoko-Mongandjo 8 105 Mongandjo Babendja

{Aruwimi River)

Basoko-Bomaneh 8 4 0 24 Bomenge Bomaneh
{Aruwimi River)

Source: Based on data from Tshikala B. Tshibaka, “Food Production in the Zairian Basin, Zaire, 1982/83," Institut
Facultaire des Sciences Agronomiques, Yangambi, Zaire, and International Food Policy Research Institute,
Washington, D.C., 1986 (computer printout).

Note:  For rivers, “fai:” indicates navigable and “very poor,” not navigable.



regulated by domestic market forces. But crops such as rice, maize, groundnuts, cotton,
coffee, tea, palm oil, cocoa, and rubber were subject to government control until
September 1983.

Due to the poor state of the road network in the study area, the distribution,
marketing, and pricing of rice and maize were not totally enforced. But rice millers
who were able to reach the villages applied some political pressures to persuade farmers
to accept the official price for their paddy rice. A substantial portion of paddy, however,
was and still is converted into rice at the household level, using mortar and pestle.
This is the traditional method used in every part of the country where rice is grown.
Although the method produces a low-quality product from a commercial standpoint
with a significant amount of broken rice, the nutritional value of the rice is preserved,
as most vitamins and minerals are retained. This rice product is sold by female farmers
in the local market to any potential trader or consumer at the market price. Regarding
maize, most of it is converted into an alcoholic drink favored in the study area. The
price of this drink is determined by local market conditions. Rice and maize are the
major source of cash income from farming in the study area.

At the local level, three groups of participants carry out most of the distributjon
and marketing of farm products. These include farmers, small transporters, and petty
traders, mest of whom are women. Cassava products offered for sale by farmers are
fresh roots, dry roots, chickwangue (cassava bread), and leaves (Tshibaka and Lumpungu
1989). Fresh plantain, paddy rice, milled rice, and maize grains are the most common
forms in which plantain, rice, and maize are offered for sale by small farmers. Because
the infrastructure— roads and other transportation facilities—is inadequate in the study
area, leaves, fresh cassava roots, chickwangue, and plantain have a limited marketing
area. Being the most perishable, they are generally sold in the local markets. From this
description, the critical role of infrastructure in distribution and marketing is apparent,
as well as the need to promote the processing of farl, ~roduce into products that can
be stored and marketed over long periods of time.
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LAND AND CAPITAL INPUTS

At the outset, it should be noted that this study is based on an implicit assumption
that all the resources allocated to the small-farm sector are used up in the production
of the four major crops, namely rice, maize, cassava, and plantain. Although minor
crops such as vegetables and fruits are also produced, they are not considered here.

Land and Related Aspects

Land Tenure System

Although the constitution of Zaire stipulates that land and all natural resources
belong to the state, Zairian ethnic groups still consider certain lands their property. In
the study area, all of the household heads interviewed affirmed that all members of
the clan, regardless of sex, religion, or political affiliation, have free access to land and
other natural resources (forests, streams, and rivers) belonging to the clan. These
resources are common property and cannot be alienated.

The traditional land tenure system in the area, however, seems to be tacitly moving
toward private ownership of land. Sixty-four percent of the surveyed household heads
interviewed affirmed that every household retains the right to use their fallow land.
This right is extended to household male descendants. In practice, this amounts to
private ownership of land. One should note that this practice does not imply that land
is scarce in the area. Indeed, the population density does not exceed five persons per
square kilometer.

Furthermore, the survey shows that in Turumbu Community payment in cash or
kind by nonmembers of the clan is accepted where the right to fallow land is recognized.?
Among Bangeli.na and Basoo in Mongandjo and Bomenge, there is no correlation
between payment and tiie right to vse fallow land. Table 3 presents this data. It should
be stressed that payments are in no circumstances regarded as a sale price of land or
as rent.> From the traditional point of view, land cannot be bought or sold. It remains
a common pioperty of the clan, and the nonmember is allowed to use it as long as he
lives with the clan or has not fallen under disgrace.

These are cnly a few aspects of the complex traditional land tenure system related
to farming, which varies from one clan to another within the same ethnic group. A
common feature of all these traditional land tenure systems is that land and other
natural resources are common property.

Regarding the government's role in land use and management, 69.6 percent of farmers
interviewed believed that the government should play a monitoring role. The rest of
the farmers considered government intervention likely to create additional problems.

4 The first household 1o open a piece of land keeps the right to use that land as long as household members
continue to live in the village, unless they state explicitly that they are no longer interested in it. At that
time, the land returns te (;.e cc nmon pool.

5 The bayment is made only once, which differs from rent that has to be paid continuously as long as the
land is being used. It is given oy the nonmember of the clan in appreciation for the right to use the land,
which the clan has extended.
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Table 3—Community recognition of practices of right of fallow and lease of
land to nonmembers in study area

Number of Community Community
Household Accepts Recognizes
Heads Payment Right of
Rural Community Interviewed for Land Fallow
(percent)
Turumbu
Yangambi-Kisangani road® 17 05.4 100.0
Weko and Yambaw 17 4.8 9.0
Yangambi-Isangi road" 19 23.8 60.0
Mongandjo
Bolikango 25 0.0 8.0
Babendja 28 7.1 25.0
Bomenge
Bomaneh 26 0.0 30.8

Source: Based on data from Tshikala B. Tshibaka, “Food Production in the Zairian Basin, Zaire, 1982/83," Institut
Facultaire des Sciences Agronomiques, Yangambi, Zaire, and International Food Policy Research Institute,
Washington, D.C., 1986 (computer printout}.

* The households in this group are located up to 22 kilometers from Yangambi,

® The households in this group are located up to 20 kilometers from Yangambi.

Land Quality

Many of the farmers interviewed claimed that the presence of certain tree species
provides a good indication of soil fertility. This technique, although crude, has some
scientific backing. About 79.7 percent of the household heads attested that forest area
to be cieared for farming was selected based on this method.

Once the selection of forest area is made, the traditional head of the clan, in
collaboration with an agricultural agent, delimits and divides the area among various
farm households within the limits of each household's resources. This practice, insti-
tuted by the Colonial Administration to ensure an orderly use of the forest for agricultural
purposes, is still observed today. About 81 percent of the households surveyed had
their farm fields in the portion of forest preselected for farming in 1982/83. The rest
of the households had their farm fields scattered in the forest.

Land Availability and Use

Exact data on land area held by individual clans are not available. All household
heads interviewed agreed that land is not a constraint to production. It is abundant
and available to any member of the clan. For instance, the Turumbu Rural Community,
with a population of 29,532 in 1981, had an area of 4,000 square kilometers. This
represents a density of about seven persons per square kilometer. It should be stressed,
however, that the area of land that can be cropped is limited by the fact that hand
tools have to be coupled with human force to clear the land, an especially energy-consuming
activity in the forest zone. The Zairian Basin i ~learly a land-surplus, labor-scarce area.

About 80.5 percent of the households exploit the land for two cropping seasons
before putting it to fallow. Table 4 shows that 41.9 percent of the households leave
their fields to fallow for a period ¢ ¢ time ranging from three to six years, while the
remaining 58.1 percent of the households puttheir fields to fallow for at least seven years,

Several measurable changes in tropical soil characteristics occur during the cultiva-
tion period, including increased acidity, decreased levels of available plant nutrients,
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Table 4—Length of fallow period, by households surveyed, 1982/83

Percent of
Surveyed
Fallow Period Households
{years)
Lessthan 4 4.0
4 53
5 17.3
6 15.3
7 14.7
8 11.3
9 6.7
10 10.7
Morethan 10 12.7
Forest® 2.0
Total 100.0

Source: Based on dats from Tshikala B. Tshibaka, “Food Production in the Zairian Basin, Zaire, {1982/83," Institut
Facultaire des Sciences Agronomiques, Yangambi, Zaire, and Internationa! Food Policy Research Institute,
Washington, D.C., 1986 {computer printout).

* Two percent of the households surveyed had plots in the primary forest.

loss of organic matter, greater compaction, decreased storage of available water, and
decreased infiltration capacity. Marked changes in the faunal population and micro-
biological activity also occur. These detrimental changes undoubtedly influence crop
yields increasingly as cultivation is extended beyond one or two cropping cycles =1 the
length of the fallow period is reduced. A minimum fallow period of seven vy arc is
necessary to maintain soil fertility in the tropics under a traditional farming system
(Greenland and Okigbo 1983).

A minimum fallow period of 10 years was instituted during the Colonial Adminis-
tration. Most measures initiated during this period were enforced through coercion
rather than persuasion (Jurion and Henry 1967). This allegation does not imply, how-
ever, that all the measures taken during the period before independence were wrong
Or unnecessary.

A positive question one should ask is why did a substantial share of farmers shorten
the fallow period to less than seven years despite the low population density? One
possible explanation may be that reducing the labor input required for clearing by
shortening the fallow period could well be an attempt to increase labor productivity
where opportunity costs for labor are rising, at least ouiside the farm sector.

The effects of shortening the fallow period on the intensities of labor and capital
use, as well as on the productivities of land, labor, and capital, will be examined
subsequently in order to make an economic judgment on farmers' behavior.

Allocation of Cultivated Area among Crops

The cultivated area per household {0.67 hectare) and the cultivated land per man-
equivalent in the study area (0.22 hectare) are small by any standards (Table 5).
Perreault (1978) found that the cultivated area per household was 0.88 hectare for
Yalenge village, 0.94 hectare for Banakanoie, and 0.82 hectare for Yambela in the
Zairian Basin. All these estimates are smaller than those reported in other regions of
the country. Durocher (1983) estimated an average cultivated area of 1.02 hectares
per household in Nande Rural Community, Nord-Kivu, and Ntamulyango (1975) re-
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Table 5—Cultivated land/man ratio and allocation of cuitivated area among

crops
Man:-
Equiva-
Number lents/ Cultivated Cultivated
ofHouse- House- Area/ Area/Man- Allocation of Area
Rural Community holds hold  Household Equivalent Rice Maize Cassava Plantain
{hectare) (percent)
Turumbu 53 3.88 0.66 0.17 27.61 2092 33.14 12.32
0.51)
Yangambi-Kisangani® 17 4.24 0.85 0.20 9.13 37.65 3273 20.49
{0.77)
2ko and Yamnbaw 17 5.90 0.50 0.13 52.15 21.57 23.29 2.99
{0.25)
Yangan.hi-Isangi® 19 3.46 0.63 0.18 22,19 22,11 4233 13.37
10.35)
Mongandjo S3 2.52 0.75 0.30 39.19 933  51.48 0.00
(0.33)
Bolikango 25 2.68 0.73 0.27 32,13 11.97 5590 0.00
(0.32)
Babendja 28 2.37 0.77 0.32 4550 06.97 47.54 0.00
{0.34)
Bomenge
Bomaneh 26 2.38 0.53 0.22 8.75 34.99 54.58 1.68
{0.33)
Study area 132 3.04 0.67 0.22 28.55 2145 44.73 5.28
(0.42)

Source: Based on data from Tshikala B. Tshibaka, “Food Productior. in the Zairian Basin, Zaire, 1982/83," Institut
Facultaire des Sciences Agronomiques, Yangambi, Zaire, and International Food Policy Research Institute,
Washinglon, D.C., 1986 (computer printout).

Note: The numbers in parentheses are standard deviations.

“ These villages were located up to 22 kilometers from Yangambi.

® These villages were located up to 20 kilometers trom Yanpambi.

ported an area of 1.48 hectares per household in Bushumba, Sud-Kivu. These figures
are not given for comparative purposes. The areas mentioned in these two Kivu regions
are in savannah zones. Land preparation requires more energy in the forest zone than
in the savannah. In all, the cultivated area per household and cultivated land-man ratio
remain small despite the availability of land, both in the Kivu regions and in the Zairian
Basin. The key factors affecting the size of cultivated land area and the implications
for farm output and labor productivity will be considered later.

Crop area estimates reported in Table 5 show wide intercommunity variability. In
Turumbu, cassava claims the largest share of the cultivated area. Rice, maize, and
plantain are second, third, and fourth. In Mongandjo, cassava has the largest share of
area followed by rice and maize. In Bomaneh, Bomenge Rural Community, cassava
occupies the first position; maize, the second, rice, the third; and plantain, the fourth.
Overall, cassava covers the most area, followed in decreasing order by rice, maize, and
plantain.

Variability in the shares of area devoted to individual crops among villages within
the communities reflects both local market conditions and the degree of access to
markets in the major centers. The communities with relatively large local markets tend
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to allocate more of their cultivated area to cassava, maize, and plantain. The Turumbu
villages located along the Yangambi-Kisangani road allocated 90.8 percent of cultivated
area to cassava, maize, and plantain, and those along the Yangambi-lsangi road 77.8
percent, with rice claiming the rest. These villages have relatively large local markets
(at Yangambi, Lotokila, a * Isangi), compared with Weko and Yambaw, which are
located in remote forest « s without substantial local markets. They are connected
to Yangambi by a very poor road of about 42 kilometers. In Weko and Yambaw,
households allocated 52.2 percent of cultivated area to rice alone. Because of its biolog-
ical nature, rice can be stored and sold over a relatively longer period of time than
maize, cassava, and plantain. Therefore, in a remote area without a large local market
and poorly connected to major cei:ters, farmers tend to allocate more of their cultivated
area to crops that can be stored under farm conditions with limited loss. For this reason,
rice has become the major cash crop in poorly connected, remote areas of the Zairian Basin.

This same pattern of land allocation between rice, cassava, and maize also holds
for Mongandjo Community. (Production of plantain in Mongandjo is severely con-
strained by monkeys.) In Bolikango, which is much closer to the major market of
Basoko than Babendja, farm households allocated 67.9 percent of the cultivated area
to cassava and maize as opposed to 54.5 percent in Babendja. Farmers in Bolikango
devoted about 32.1 percent of the cultivated area to rice as oppused to 45.5 percent
in Babendja. In Bomaneh, rice is a new crop that was introduced into the farming
systemin 1981/82. A comparison of rice and other crops does not holc for this community.

Capital Input
As stated earlier, capital inputs available to the peasant farmer include a few hand-
held tools and rice and maize seeds produced on-farm.

Quantity of Rice and Maize Seeds Used

The quality of seeds being used in the Zairian Basin has severely degenerated since
Independence in 1960, because until recently, no seed service existed in the country.®

Although data on technically optimal quantities of seeds to be used in a mixed-cropping
system are not available, Table 6 indicates that, for the area as a whole, farmers used
59.6 percent for rice and 79.3 percent for maize of the quantity recommended for use
in pure cropping by the Institut National d’Etude et de la Recherche Agronomique du
Zaire {INERA 1971).

There is a great deal ot divergenice among communities and also among villages.
For Turumbu Community, the amount of rice and maize seeds used per hectare repre-
sents 50.5 percent and 67.0 percent respectively of the amount recommended for pure
cropping. In Mongandjo Community, 63.0 percent of rice seeds and more than 100.0
percent of maize seeds were sown. In Bomaneh, rice seeds amounted to 67.3 percent
of the quantity recommended for pure stands, and maize seeds, 62.0 percent. On the
basis of these data, it seems likely that farmers who planted maize in Mongandjo in
1982/83 used too much maize seed per hectare for mixed stands, rather than too
little. For the sample as a whole, 60.6 percent of surveyed households produced rice
and 62.1 percent produced maize in 1982/83.

% A new seed project sponsored by the World Bank was established in 1985 and is now operational. It has
to be given some time, however, before its impact on the small-farm sector can be assessed.
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Table 6—Quantity of seeds used per hectare by households that produce rice
and maize, 1982/83

Ambount of Seeds
Used in Mixed
Croppingasa
Percent of Amount
Number of House- £imountof Seeds Used Recommended in
holds Producing in Mixed Cropping Pure Cropping
Rural Community Rice Maize Rice Maize Rice Maize
(kilograms/hectare) (percent)
Turembu 23 38 25.26 20.09 50.52 606.97
{5.26) (6.06)
Yangambi-Kisangani road” 4 14 29.93 22.11 59.66 73.70
(2.22) (5.99)
Wekoand Yambaw 12 16 25.47 21.64 50.94 72.13
{5.27) 6.68)
Yangambi-Isangi road" 7 8 22.23 13.45 44.46 44,83
(4.76) (2.88)
Mengandjo 53 31 31.50 30.48 03.00 100.16
(7.23) (7.20)
Bolikango 25 20 32.71 30.44 05.42 101.47
(8.04) {7.99)
Babendja 28 1 30.41 30.57 00.82 101.90
{6.37) 16.07)
Bomenge
Bomaneh 4 13 33.66 18.60 67.32 62.00
{19.99) (4.12)
Study area 80 82 29.81 23.78 59.62 79.27
(8.124 (8.38)

Source: Based on data from Tshikala B. Tshibaka, “Food Production in the Zairian Basin, Zaire, 198, ¢3,” Institut
Facul'aire des Sciences Agronomiques, Yangambi, Zaire, and International Food Policy Resea, . Institute,
Washington, D.C., 1986 {computer printout}.

Nnte:  Standard deviations are in parentheses.

* These villages were located up to 22 kilometers from Yangambi.

® These villages were located up to 20 kilometers from Yangambi.

Tools

Because most of the tools used were hand-held, their use was highly correlated
with labor time allocated to each crop. Thus, labor shares of individual crops were
used as weights to estimate the depreciation of tools allocated to these crops during
the 1982/83 crop year. The estimated average depreciation of tocls (material capital)
per household in the study area as a whole was about Z75.40 for the year (Table 7).7

A crop-based comparison shows that 42.5 percent of the tools in the study area
were used on rice, followed by 40.4 percent on cassava, 15.1 percent on maize, and
2.0 percent on plantain. Table 7 also indicates much variability between and within
communities in the amount spent on capital input (tools) and in allocation among

7 The same tools are used in the production of rice, maize, cassava, and plantain. In dollar terins, the cost
of tools used per household was about US$13.11, using the official 1982/83 exchange rate of Z5.75/
US$1.00.
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Table 7—Allocation of capital tools among crops, 1982/83

Number of Cost of Shaie of Tools Ailocated
Rural Community Households  Capital Tools Rice Maize Cassava Plantain
{£) {percent)
Turumbu 53 49.52 41.52 21.98 31.61 4.88
{58.80)
Yangambi-Kisangani road® 17 43.33 27.29 29.00 35.08 8.05
{57.93)
Wekoand Yambaw 17 47.64 57.47 13.55 26.73 2.25
(60.21)
Yangambi-lsangi road® 19 56.74 38.25 2250 33.43 4.82
(60.73)
Mongandjo 53 08.51 40.30 7.36 43.14 0.20
{45.93)
Bolikango 25 84.12 45.84 7.69 46.29 0.18
{51.59)
Babendja 28 111.36 53.14 7.00 39.56 0.22
(36.53)
Bomenge
Bomanch 26 81.06 18.36 25.62 54.87 1.15
(44.36)
Study area 132 75.40 42.52 15.09 40.40 1.99
(55.49)

Source: Based on data from Tshikala B. Tshibaka, “Food Production in the Zairian Basin, Zaire, 1982/83,” Institut
Facultaire des Sciences Agronomiques, Yangambi, Zaire, and International Food Policy Research Institute,
Washington, D.C., 1986 (computer printout).

Mote: Standard deviations are in parentheses.

* These villages were located up to 22 kilometets from Yangambi.

® These villages were located up to 20 kilometers from Yangambi.

crops. These inter- and intracommunity differences in capital input are also a function
of cultivated land area.

Allocation of Seeds and Tools among Crops

Table 8 summarizes the data on capital input (seeds and tools) used per household,
by crop. Rice received 48.7 percent of total capital input; cassava, 32.8 percent; maize,
17.2 percent; and plantain, 1.3 percent. Hand tools contributed a much larger share
to capital input costs than seeds.

A community comparison indicates that Mongandjo allocated more capital input to
farming than Bomaneh and Turumbu. An average household in Mongandjo spent 1.4
times more on capital than an average household in Bomaneh and 1.8 times more than
in Turumbu,

In sum, this survey shows that capital input is in short supply in the small-farm
sector of Zaire. All farmers interviewed suggested that the lack of an input delivery
system, credit facilities, and adequate roads constitute the main constraints to increases
in food output and income.
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Table 8—Allocation of capital input (seeds and tools) among crops, 1982/83

Numberof Total Cost of Share of Total Capital Input Allocated
Rural Community Eouseholds Capital Input Rice Maize Cassava Plantain
(2) {percent)
Turumbu 53 72.39 47.25 25.10 23.97 3.68
{76.00)
Yangambi-Kisangani road? 17 72.39 39.92 29.45 25.65 4.98
(91.00)
Weko and Yambaw 17 06.45 64.20 12.73 20.48 2.59
(76.30)
Yangambi-Isangi road® 19 71.69 40.38 30.94 25.24 3.44
(64.11)
Mungandjo 53 130.90 59.70 7.73 32.40 0.12
(55.94)
Bolikango 25 117.44 57.55 8.85 33.50 0.09
{63.19)
Babendja 28 142.92 61.27 0.90 31.69 0.14
(46.47)
Bomenge
Bemaneh 26 97.09 20.85 31.32 46.96 0.87
(51.15)
Study area 132 100.74 48.73 17.22 32.76 1.29
{68.80)

Source: Based on data from Tshikala B. Tshibaka, “Food Production in the Zairian Basin, Zaire, 1982/83," Institut

Notes:

Facultaire des Sciences Agronomiques, Yangam®i, Zaire, and International Food Policy Research Institute,
Washington, D.CC, 1986 fcomputer printout).

Cassava cuttings and plantain shoots to be planted are collected from previous farm fields by farmers
themselves. The time spent on this activity is included in the laber input. Cassava cuttings and plantain
shoots are neither bought nor sold in the study area. Tools constitute the only items of capital input used
in the production of these two Zrops in the area. The prices of rice and maize seeds used to compute
the value of seeds aie reported in Appendix 2. The numbers in parentheses are standard deviations.

? These villages were located up to 22 kilometers from Yangambi,
® These villages were located up to 20 kilometers from Yangambi.
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5

LABOR USE AND ALLOCATICN

This chapter presents the calendar of farm operations, the monthly intensity of
labor use during the 1982/83 crop year, and the allocation of labor time among crops.
In addition, the allocation of labor time between farm and other economic activities
performed ir the household is discussed.

In this connection, one should recall that small-farm households in the Zairian Basin
solely rely on labor provided by household members to carry out economic, domestic,
and sociocultural activities. Economic activities are made up of farm and nonfarm activities
(such as hunting, fishing, and gathering). Most of these are food-producing activities.

Calendar of Farm Operations
and Monthly Intensity of Labor Use

A number of farm-level studies have shown that labor shortages, particularly during
peak periods, constitute one of the major constraints to food and agricultural production
in most parts of Sub-Saharan Africa (Eicher and Baker 1982; Delgado i982; Norman
1973b). For this reason the sequences of farm operations as performed by farmers in
the area are presented, and attempts are made to verify whether labor shortages are
experienced during peak production periods in the Zairian Basin.

The official agricultural calendar of farm operations for the area, based on research
conducted at the Institut National pour I'Etude Agronomique du Congo (INEAC)® during
the colonial period, is summarized in Table 9. This calendar assumes only one crop
season for maize and rice per year, although with the bimodal pattern of precipitation
that exists in the area, it is agronomically possible to have one major and one minor
crop for both rice and maize per year. From sowing to harvest, three months are
required to produce maize and four months for rice. For cassava and plantain, only
one crop can be produced a year. The official calendar, however, is not foliowed by
all the farmers in the area.

Table 10, based on Appendix 2, Table 29, presents the agricultural calendar followed
in each study community during the 1982/83 crop year. Because crops are planted in
mixed stands, farm operations such as land preparation and weeding are simultaneously
carried out for all crops. The sowing period, which runs from April to October, is more
critical for rice and maize than for cassava and plantain. Harvesting of each crop is
performed at the end of the cycle for that crop.

In all, farmers in the study area follow an agricultural calendar that is not strictly
the sanie as the official one. The execution of some farm operations is extended beyond
the recommended periods. Does this late execution of some farm operations imply
that the deinand for labor to carry out various household activities is high and concen-
trated in time? In other words, is this late execution of farm operations an indication
of labor shortages in the area? Or is it merely a tendency among small farmers, partic-

8 The institute is now known as the Institut National d'Etude et Recherche Agronomique (INERA).
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Table 9—Official calendar of farm operations in the study area

Perlod When Operations Operations to Be Conducted Operations to be Continued
Are to Be Performed in the New Farm Field on Last Season's Crops
January-February Slashing Weeding and harvesting of cas-

March-April

May-July

August-October

November-December

Burning and clearing of the new
plot of land; sowing of rice and
maize; planting of cassava and
plantain.

Sowing of rice and maize;
weeding.

Harvesting of rice and maize;
weeding of cassava and plan-
tain; selection of plots for the
new season.

Processing and marketing of
rice; weeding of cassava and
plantain. The new crop sezson
begins and farmers start clear-
ing the forest,

sava and plantain; marketing of
rice, maize, cassava, and plan-
tain.

Weeding and harvesting of cas-
sava and plantain; marketing of
rice, cassava, and plantain.

Harvesting and marketing of
<Afsava and plantain.

Harvesting and marketing of
cassava and plantain.

Harvesting and marketing of
cassava. Field will be turned to
fallow.

Source: Zaire, Division Réginale de L'Agriculture,

Tshopo,” Kisangani, Zaire, 1980,

“Calendrier Agricole Approuvé pour la Sous/Région d= la

Table 10—Farmers’ agricultural calendar in the study area, cropyear 1982/83

Turumbu Villages

Along Along
Yangambi- Yangambi- M . B
Kisangani  Wekoand Isangi Aongandjo omenge
Farm Operation Road? Yambaw Road Bolikange  Babendja Bomaneh
Slashing January- January- January- January- January- January-
August May May August May May
Burningand clearing February- April- May- April- April- April-
May July July October June August
Sowingand planting April- May- July- May- April- April:
September September August October August August
Weeding May- July- August- August- August- July-
August December Qctober December December December
Harvesting, processing,
and marketing July- September-  Octoher- August- August- August-
December December December December December  December

Source: Based on data from Tshikala B.
Facultaire des Sciences Agronomiques, Yar.garnbi, Zaire, and Internation

Tshibaka, “Food Production in the Zairian Basin, Zaire, 1982/33," Institut

Washington, D.C., 1986 {computer printout).

Notes: This calenda: includes only farm o
last crop seazon performed maint
of rice a'd maize during the Jan
continue throughout the year.

? These villages were located up to 22 kilometers from Yangambi,

b
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These villages were located up to 20 kilometers from Yangambi.

al Foed Policy Research Institute,

perations carried out in the ongoing crop year. Operations related to
y by female members are weeding of cassava and plantain and marketing
uary-February period. Harvesting and marketing of cassava and plantain



ularly those living in an area where rainfall is relatively well distributed throughout
the year, to be flexible about the timing of farm operations?

The survey daia summarized in Table 11 show that, for the study area as a whole,
the largest amount of labor time allocated to household economic activities in a month
was about 88 hours for males and 85 hours for females during the surveyed crop year,
while the smallest amount of labor time spent was about 71 hours for males and 23
hours for females. In the humid tropics of Africa, 6 hours a day or 150 hours a month
is generally regarded as the maximum a person can productively allocate to labor,
either farming or nonfarming; therefore, it seems that, other things being the same,
more time could have been devoted to both farming and nonfarming activities in the
study area without encountering a labor shortage. The breakdown of labor allocation
for each of the communities included in the study is given in Appendix 2, Table 30.

Seasonal Allocation of Labor Between
Farming and Nonfarming Tasks

Figure 2, which is based on Appendix 2, Table 30, shows that the intensity of lanor
use throughout the year exhibits a clear seasonal pattern. Three distinct periods can
be delineated for males and four for females. During January-February, the amount of
time maies allocate to farming inicreases and that spent on nonfarming activities declines.
During the February-April period, the amount of time males allocate to farming is at
its highest period. During April-December, the pattern is reversed, with nonfarming
activities increasing and farming decreasing. For female members, May-July and September-
December are the peak periods for farming activities. During these periods, the level
of nonfarming activities performed by females goes down. During the January-May and
July-September periods, however, the situation reverses in favor of nonfarmingactivities.

Table 1i—Intensity of labor use, by month, 1982/83

Economic Activities
(Farming and Non-
farming) Farming Nonfarming
Month Male Female Male Female Male Female
(hours/month)

January 73 32 24 9 49 23
February 85 32 42 0 43 32
March 73 32 40 ! 33 31
April 79 23 39 5 40 18
May 77 27 28 15 49 12
June 78 44 24 30 54 14
July 88 61 23 36 65 25
August 85 85 16 32 69 53
September 80 54 14 25 66 29
Octoher 71 43 14 31 57 12
November 71 58 12 37 59 21
December 80 52 9 36 73 16

Source: Based on data from Tshikala B. Tshibaka, "Food Production in the Zairian Basin, Zaire, 1982/83," Institut
Facultaire des Sciences Agronomiques, Yangambi, Zaire, and International Food Policy Research Institute,
Washington, D.C., 1986 (computer printout).

Notes: These are the average number of hours allocated to farming and nonfarming economic activities by a
household member of either gender regardless of age. They should not be reparded as man-hours.
Nonfarming activities referred to are hunting, fishing, and gathering,
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Figure 2—Intensity of maie and female labor use, farming and nonfarming
activities, by month, 1982/83
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Source: Rased on data from Tshikala B. Tshibaka, “Food Production in the Zajrian Basin, Zaire, 1982/83," Institut
Facultaire des Sciences Agronomiques, Yangambi, Zaire, and International Food Policy Research Institute,
Washington, D.C., 1986 (compitter printout).

In short, the demand for labor during farming peak periods is met by substituting
farming work for nonfarming, rather than by reducing leisure.

Because of the division of labor, the allocation of labor time presents different
seasonal patterns fur men and women. The time allocated to farming by males is large
from January to Ma; , when land preparatior: is mostly performed. During this period,
very little time is dc voted to farming by females. The reverse occurs during the period
from June to December, when farm operations such as planting, weeding, harvesting,
and farm-level processing are performed.
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Survey data indicate that high energy-consuming farm operations such as forest
slashing, burning, and clearing are almost entirely carried out by men. Less risky, low
cnergy-consuming operations such as planting, weeding, harvesting, processing, and
marketing are mainly performed by women, with substantial help from male members.
This division of farm operations between men and women is consistent with biological
considerations,

The area does not appear to suffer from the seasonal labor shortages that are
characteristic of subhumid and semiarid areas of Sub-Saharan Africa. The distribution
of rainfall, which is mostly responsible for seasonal labor shortages elsewhere in the
Sub-Saharan region is not a factor here. Key factors that affect the allocation of household
labor time to farming in the Zairian Basin still have to be identified.

Allocation of Agricultural Labor

Allocation Among Food Crops

Labor input allocated by each member of the household to farm and nonfarm
economic activities was recorded four times a week during the one-year field survey.
A number of points regarding the allocation of labor among food crops in different
communities in the study area can be made based on thesc data (see Table 12).

In Turumbu and Mongandjo, where rice-growing has a long history, a large share
of labor time was allocated to rice during the 1982/83 crop year. Seven times more
labor was expended on rice than on maize in Mongandjo and twice as much in Turumbu.
Because rice was only recently introduced in Bomanel, it claimed a relatively small
share of the labor allocated to farming, but its lahor share was still much larger than
that of plantain. A substantial amount of labor time was spent on cassava in all three
communities. This allocation of labor to cassava, the main staple food crop in the area,
is revealing in terms of concerns about household food security.

Table 12 also shows substantial inter- and intracommunity . uriability in labor
allocation among crops, which has been ascribed earlier to differences in local market
conditions and the degree of access to major centers. For the study area as a whole,
rice, the major cash crop, claimed slightly more labor than cassava and two-and-a-half
times more labor than maize and plantain combined.

Aliocation of Labor to Farming

First, regarding the allocation of labor to farming (Table 13), the total labor time
spent on economic activities per man-equivalent varied between 449 and 1,292 man-
hours per year, with an average of 776 man-hours for the study area as a whole. Since
it has already been established that as many as 1,800 man-hours a year can productively
be allocated to economic activities per man-equivalent in the humid tropics of Africa,
it can be said that the labor input allocated to economic activities in the area is rather
low, representing on average 43.1 percent of potential productive labor time. This
suggests that the area is still at a low level of economic development and that the
economic activities carried out are mainly for subsistence purposes.

Second, the data show that in most villages, farming is second to nonfarming,
except in the Turumbu villages along the Yangambi-Isangi road, where productive labor
time was almost equally allocated to farming and nonfarming. Overall, the share of
farming in total labar time spent on economic activities during the 1982/83 crop year
varied between 27.3 and 55.5 percent among villages, giving an average of about 34.9
percent for the area as a whole.
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Table 12—Household labor allocations to rice, maize, cassava, and plantain

Labor
Numberof Allocated
Rural Community Households to Farming* Rice Maize Cassava Plantain
{man-hours) (percent)
Turumbu 53 844 41.52 21.98 3l.ol 4.88
{469)
Yangambi-Kisangani road” 17 712 27.29 29.00 35.00 8.05
(491)
Weko and Yambaw 17 954 57.47 13.55 20.73 2.25
{512)
Yangambi-lsangi road* 19 804 38.25 23.50 33.43 4.82
(101)
Mongandjo 53 954 40.30 7.36 43.14 0.20
(351)
Bolikango 25 1,080 45.84 7.00 46.20 0.18
(435)
Babenga 28 837 53.14 7.06 39.58 0.22
{198)
Bomenge
Bomaneh 20 519 18.30 25.02 54.87 1.15
(321)
Study area 132 824 42.52 15.00 40.40 1.99
{420)

Source: Based on data from Tshikala B. Tshibaka, “Food Preduction in the Zairian Basin, Zaire, 1982/83," Institut
Facultaire des Sciences Agronomiques, Yangambi, Zaire, and International Food Policy Research Institute,
Washington, D.C., 1986 {computer printout).

Note:  Figures in parentheses are standard deviations.

* The hours devoted to farming by each member of the houschold were converted 1nto man-hour equivalents

using Collinson’s conversion factors reported in Appendix 1.

® These villages were located up to 22 kilometers from Yansambi.

‘These villages were located up to 20 kilometers from Yangambi.

Third, during the 1982/83 crop year, an average of 271 man-hours per man-equivalent
were devoted to agriculture. This limited amount of labor input allocated to farming
should not be seen as a consequence of relying on a rainfed agricultural system, where
the distribution of rainfall imposes the pattern of labor use and allocation to farming.
The distribution of rainfall in the Zairian Basin allows for farming all year round. A
comparison with other developing areas indicates that the amount of labor input allo-
cated to farming per man-equivalent in the study area is small even by African standards.

In a review of the literature on labor use in Africa, Eicher and Baker (1982) wrote

Farm level survey. throughout Sub-Saharan Africa have consistently shown that farmers
have low annual labor inputs in agricultural production by international standards. Cleave
(1974) reviewed 50 micro-level studies in countries of both high and low man-land ratios
and found that male adults were working an average of 1,000 hours per year in agri-
cultural production as compared with 2,500 to 3,000 hours per year in Egypt and
many Asian countries. Some researchers have reported even fewer hours spent on
farming activities, as low as 500 to 600 hours per year (Haswell 1953; Norm=n 1972).

The survey clearly indicates that farming is not the teading economic activity in
the area. Hunting, fishing, and gathering are more important. They claimed about
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Table 13—Allocation of household productive labor time between farming and nonfarm economic activities,

1982/83
Labor Labor
Average Allocated Allocated Labor iabor Allocated to
Number of to Economic tc Economic Allocated Nonfarm Economic
Numberof  Man-Equivalents/ Activities/ Activities/ to Farming/ Activities/
Rural Community +ouseholds Household Housenold Man-Equivalent Man-Equivalent Man-Equivalent
1man-hours) fman-hoursi  Ipercent)  {manhours) (percent)

Turumbu 53 3.88 2,270 587 217 36.07 370 63.03
(1.53) 11,239y

Yangambi-Kisangani road” i7 4.24 2,563 012 108 27.45 444 72.55
(1.69} {1.320}

Wekoand Yambaw 17 3.00 2,776 696 230 34.34 457 65.60
{1.49} 11,360}

Yangambi-lsangi road® 19 3.0 1,552 449 249 55.46 200 44.54
{1.38) (576}

Mongandjo 53 2.52 2,747 1,090 379 34.77 711 65.23
{0.92) 11,250

Bolikango 25 2.68 2,305 804 405 45.30 489 54.70
{1.05) (928)

Babendja 28 2.37 3.002 1,292 353 27.32 939 72.68
(0.77) (1,423}

Bomenga 26 238 1,734 729 218 29.90 511 70.10
{0.73) {7106)

Bomaneh 26 2.38 1,734 729 218 20.90 511 70.10
{0.73) {710)

Study area 132 3.04 2.359 776 271 34.92 505 65.08
1.212)

Source: Based on data from Tshikala B. Tshibaka, "Foud Production in the Zairian Basin, Zaire, 1982/83," Institut Facultaire des Sciences Agronomiques,
Yangambi, Zaire, and International Food Policy Research Institute, Washington, D.C., 1986 {computer printout)

Notes: Household members were converted into man-equivalents to take accoun: of age and sex using conversion fact~rs derrved from Collinson (1972) (see
Appendix 1}. Economic activities include farming and nonfarming aciivities {namely hunting, fishing, and gatheri1z). Figures in parentheses are standard
deviations.

* These villages were located up to 22 kilometers from Yangambi.

b ; : -

These villages wree located up to 20 kilometers from Yangambi.



65.08 percent of the labor time allocated to economic activities during the 1982/83
year. A survey conducted in 1974/75 on a small sample of 17 households in Yalibwa,
Turumbu Community, revealed that the contribution of hunting, fishing, and gathering
activities to household cash income was larger than that of farming. These activities
contributed about 34 percent of cash income as opposed to 36 percent from farm
products. Handicraft and alcohol production shared 2 percent and 6 percent respectively
(Kilumba 1975). Although it can generally be observed that the overall time allocated
to economic activities in the study area is low, an assessment of key determinants of
labor allocation between activities carried out in the household is beyond the scope of
this study, which focuses un farming. A detailed appraisal of household labor use would
warrant an entire study by itself.

Determinants of Labor Allocation to Farming

Having established that labor input per man-equivalent is low, a model is devised to
identify key factors that affect the allocation of labor to farming in order to assess the
implications for labor productivity and to examine policy actions that the government of
Zaire should initiate to address this issue. From this exercise, implications for other key
parameters such as cultivated land area, farm output, and resource productivity are derived.

Model

As stated earlier, the rural small-farm economy includes farming and nonfarming
activities. These two groups of activities compete for the labor time of the household.
One can then assume that the amount of labor time allocated to farming per man-equivalent
is a function of the domestic terms of trade beiween farming and nonfarming activities.
The amount of capital input available per man-equivalent and the degree of dependency
also affect the amount of labor time allocated to farming per man-equivalent.® This
formulation also should include a dummy variable for locational and other differences
among study communities and an error term.

Formally, one can express this relationship as follows:

L/W = (P /P,, K/W, C/W, D, e), (1)

where
L/W = the amount of labor time in man-hours allocated
to farming per man-equivalent,

P,/P, = farmgate terms of trade between household
agricultural and nonagricultural activities dur-
ing the preplanting period,

K/W = capital input {in zaires) allocated to farming per
man-equivalent,

C/W = degree of dependency expressed as a ratio of
the number of househo!d consuming units over

? This chapter deals with resource allocation {of labor) within the small-farm economy. Analysis of the
resource flow between smaliholder and other components of the national economy, although important,
is beyond the scope of the present effort.
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the number of man-equivalents,'°
D = dummy for location, and
e = the error term.

It is expected that
[D(L/W)/3(P,/P,})] == 0; |S(L/W)/5(K/W)} = 0; and [B(L/W)/3(C/W)) : 0. (2)

This implies that a positive change in the farmgate terms of trade between farm
and nonfarm activities, capital input per man-equivalent, and degree of dependency
will be associated with a positive change in the amount of labor time allocated to
farming per man-equivalent.

Definition of Explanatory Variables

The main ingredients of the expression depicting the amount of labor input allocated
to agriculture are capital input and the farmgate price of farm relative to nonfarm
commodities produced in the households, and their degree of dependency. In this
study, the preplanting farmgate prices for rice, cassava, maize, plantain, and nonfarm
products (such as game meat and fish) are taken to be the relevant producer prices
that affect labor allocation between hcusehold agricultural and nonagricultural activities.
For each sampled household, the average preplanting price for the above crops is
computed, using each crop’s share of labor time allocated to farming as a weight. The
price for game meat was considered for Turumbu and Mongandjo Communities, whereas
in Bomaneh (Bomenge Community), the price for fish was taken. In the first two
communities, hunting is the most important household nonfarm activity, whereas in
the last community, fishing is. Appendix 2, Table 31, summarizes the price data.

In this study, the degree of dependency is defined as a ratio of the number of
household consuming units over the number of household man-equivalents in order
to relate the household food requirements to the size of the household labor force.

Regression Results

A least squares method applied to the survey data gives the regression results
summarized in Table 14,

For labor allocated to farming, the regression equation indicates that the fit is fair,
and the F-statistic is highly significant at the | percent level. The coefficients for be:th
the preplanting farmgate terms of trade between farm and nonfarm activities (P,7P,)
and the amount of capital input per man-equivalent (K/W) are positive ana significantly
different from zero, implying that these variables are key determinants of the amount
of labor time allocated to farming per man-equivalent (L/W) in the Zairian Basin. The
degree of dependency (C/W), introduced in the analysis on the assumption that large
household size would also generate pressure to produce more foodcrops, does not
explain the amount of labor time allocated to farming. Locational differences among
study communities on labor allocation to agriculture are significant,

1% One consuming unit represents the food consumption of one adult male. The number of household
consuming units expresses the household food requirements, whereas the number of man-equivalents,
sometimes called working units, represents the available household labor force. The conversion factors
proposed by Collinson (1972) to transform household members into consuming units are reported in
Appendix 1.
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Table 14—Determinants of labor allocated to farming, 1982/83

Explanatory Variables Dependent Varlable
and Important Statistics Ln(L/W)
Intercept 5.62
(12.42)**
Ln{P,/P;) 0.38
{2.70)**
Ln (K/W) 0.28
(4.50)**
Ln(C/W) 0.12
(0.66})
Dummies for location
D, -0.39
(-2.35)"
D, -0.35
(-1.72)
D, -0.38
(-1.44)
Dy -0.26
{(-1.36)
Dy ~1.06**
(—-4.42)
R? 0.45
'4.30
n 132

Source: Based on data from Tshikala B. Tshibaka, “Food Production in the Zairian Basin, Zaire, 1982/83," Institut
Facultaire des Sciences Agronomiques, Yangambi, Zaire, and International Food Policy Research Institute,
Washington, D.C., 1966 (computer printout).

Note:  The numbers in parentheses are t-values. In{P,/P,) is the terms of trade between agricultural and
nonagricultural activities, Ln(K/W) is capitai input allocated to farming per man-equivalent, and Ln{C/W)
is the degree of dependency.

*Significant at the 0.05 level,

**Significant at the 0.01 level.

The elasticity estimate of agricultural labor time per man-equivalent with respect to
the preplanting farmgate terms of trade is 0.38 and that with respect to capital input per
man-equivalent is 0.28. This suggests that a 1.00 percent increase in the preplanting farm-
gate terms of trade between farming and nonfarming activities will be associated with
an increase of about 0.38 percent in labor time allocated to farming per man-equivalent,
whereas a 1.00 percent increase in capital input available per man-equivalent will lead
to about a 0.28 percent increase in labor time allocated to agriculture per man-equivalent.

These findings suggest that appropriate policy actions to improve both the domestic
terms of trade of farm products and the content of capital input ‘tools, equipments,
seeds, fertilizers, and so on) for smallholders need to be considered if farmers are to
divert more of their labor time te farming. These policies include infrastructure devel-
opment and technology policies.

Given the paramount importance of labor in Zaire, an in-depth analysis of this issue
is fundamental to understanding how the small-farm sector works and its level of
performance. In addition, an assessment of factors that determine the amount of labor
allocated to farming will contribute to understanding at least indirectly the workings
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of the nonagricultural sector of the rural economy. This alone would clarify the inter-
action of the two sectors and help the government to formulate appropriate policies.
Although the foregoing section of this chapter has identified some key variables affecting
the allocation of labor to farming, a detailed appraisal of lahor use in the rural economy,
with all its related aspects and implications, deserves an entire study, which should
logically succeed this piece of work.
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6

RELATIONSHIPS BETWEEN LABOR, CAPITAL,
AND CULTIVATED AREA

This chapter estimates the intensities of labor and capital use, identifies their key
determinants, establishes the relationship between cultivated area, labor, and capital,
and finaily relates the above to the observed pattern of labor allocation to farming in
the study area. The estimates of the structural parameters derived from this analysis
are relevant for policymaking,

Intensity of Labor Use

‘the estiizates of the intensity of labor use by crop reported in Table 15 show that
rice is the most labor-consuming crop in the production mix. It is followed by cassava
and then maize, while plantain is the most labor saving. Taking the labor per hectare
allocated to plantain as a numéraire, one can see that rice requires about 2.95 times
more labor than plantain, cassava about 2.21 times, and maize about 1.75 times. For
all the crops combined, an average labor input of about 1,230 marn-hours per hectare
was recorded during the 1982/83 crop year, with a range of 525 man-hours per hectare
for plantain and 1,547 man-hours for rice.

This intensity of labor use is high compared with other parts of the developing
world, and this becomes even more disturbing in an area chaiacterized by low population
density like the Zairian Basin. For example, Lassiter (1982) reported 822 man-hours
per hectare in the production of sorghum in Eastern Burkina Faso, and in the Mumbwa
area of Zambia, farmers spent 568 man-hours per hectare in the production of maize
(Dodge 1977). In Maharashtra State, India, 477 man-hours per hectare were allocated
to traditional varieties of sorghum, whereas in Bangladesh, the production ot local
varieties of aman rice claimed about 1,067 man-hours per hectare (Mellor and Ranade
1986; Hossain 1943..

This high labor intensity is partly explained by high labor requirements for land
preparation in the forest zone. This situation is further exacerbated by the use of hand
tools and by the hot, humid tropical weather conditions, which increase the difficulty
of farming. To these environmental constraints, the amount of labor time allocated to
land preparation (slashing, burning, and clearing), which determines the size of culti-
vated area, seems to be an additional factor explaining high overall labor use per
hectare. This is understandable in the sense that if a small amount of labor input is
devoted to land preparation, the cultivated area will also be small. Therefore, to produce
the highest possible output, relatively more labor input has to be spent on subsequent
farm operations, including planting, weeding, harvesting, and farm-level processing,
The overall labor use per hectare becomes much higher than it would be otherwise.

Data relating household fabor and the size of cultivated area are summarized in
Table 16, showing that during 1982/83, about 81.1 percent of the sampled households
had a cultivated area that did not exceed 1.0 hectare per household. The rest of the
households in the sample, 18.9 percent, had cultivated area greater than 1.00 hectare
per household. For the sample as a whole, the average amount of cultivated area per
household was 0.67 hectare with a minimum area of 0.05 hectare and a maximum
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Table 15—Intensity of labor use, by crop, 1982/83

Average Average
Number of Area/ ~. Labor Input/
Crop Households Household Household Labor Intensity
{hectare) {man-hours) {man-hours/hectare}
Rice 80 0.36 557 1,547
Maize 82 0.19 175 921
Cassava 128 0.29 336 1,159
Plantzin 52 0.08 42 525
Ali crops 132 0.67 824 1,230

Source: Based on data from Tshikala B. Tshibaka, “Food Production in the Zairian Basin, Zaire, 1982/83," Institut
Facultaire des Sciences Agronomiques, Yangambi, Zaire, and International Food Policy Research Institute,
Washington, D.C., 1986 (computer printout).

area of 2.99 hectares per household. If farm households are to be described by the
size of cultivated land area, one would say, like Sen (1964), that the study area is made
up of very small and small farms. As will be shown later in this chapter, this qualification
of farm households based on cultivated area is critical in explaining the patterns of
labor and capital use per hectare across farm households.

It is also important to note that the size of cultivated area per household varies
enorrously relative to the number of man-equivalents per household. The minimum
and maximum numbers of man-equivalents per household recorded during the 1982/83
survey were 1.17 and 8.01 respectively with an average of 3.03 man-equivalents per
household for the study area as a whole. In addition, the data show that the participation
of household members in farming increased with the cultivated land area, but the
variation is smalil relative to variation in cultivated area. This explains the observed
pattern of declining labor input per hectare with increasing cultivated land area. Norman
(1973b) in his study of farming among the Hausa in northern Nigeria found the same
relationship but failed to explore the reasons behind this phenomenon in the Nigerian
context. This inverse relationship between per hectare labor input and size of cultivated
area has been extensively documented in many Asian and Latin American countries
{Booth and Sundhrum 1985).

A close look at Table 16 reveals that the intensity of labor input allocated to land
preparation exhibits an inverse relationship to the size of cultivated area. This finding
is not anticipated: one would expect the per hectare labor input devoted to land
preparation not to be affected by size of cultivated area. One explanation could be a
deterioration in the quality of land preparation as larger areas are cultivated.

In addition to the size of cultivated land area, the intensities of labor allocated to
land preparation and to subsequent farm operations are also expected to be affected
by the length of the fallow period and by the type of crop mix adopted. To capture the
effect of the length of the fallow period on the amount of labor time per hectare
allocated to land preparation, a dummy variable with a value of one is assigned for a
fallow period equal to or greater than seven years; otherwise, zero is assigned. The
use of seven years as a benchmark is supported by agricultural research indicating that
a minimum fallow period of seven years is necessary to maintain soil fertility in the
humid tropics under a traditional farming system (Greenland and Okigbo 1983; Jurion
and Henry 1967).

To account for the effects of the crop mix on the intensity of labor input allocated
to subsequent farm operations, the share of cassava in cultivated land area is introduced
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Table 16—Cultivated area and intensity of labor inputs, 1982/83

Laber Input Labor Input Labor Input

Average for All Farm for Land Other Farm Labor Intensity
Numberof Household Area per Operations/ Preparation/ Operations/ AllFarm Land Other Farm
Cultivated Area Households Size Household  Household Household Household Operations Preparation Cperations
(hectares) (percent) (man-equivalents) {hectares) (man-hours) (man—hours/hectare)
0.250rless 12.88 2.83 0.19 442.72 181.71 261.01 2,330.11 956.37 1,373.74
0.26-0.50 24.24 3.01 0.38 617.87 279.08 338.79 1,625.97 734.42 891.55
0.51-0.75 29.55 2.97 0.62 805.23 302.07 503.16 1,298.76 487.21 811.55
0.76~1.00 14.39 3.01 0.86 996.50 407.48 589.02 1,158.72 473.81 684.91
More than 1.00 18.94 3.35 1.32 1,247.57 403.85 843.71 945.12 305.95 639.17
Study area 100.00 3.04 0.67 824.42 315.44 508.98 1,230.48 470.81 759.67

Source: Based on data from Tshikala B. Tshibaka, “Food Production in the Zairian Basin, Zaire, 1982/83," Institut Facultaire des Sciences Agronomiques,
Yangambi, Zaire, and International Food Policy Research Institute, Washington, D.C., 1986 (comouter printout}
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into the equation. The use of cassava’s area share is supported by the fact that small
farming in the study area is a cassava-based system, as indicated by the number of
households producing this crop. Locational and cther differences among study com-
munities are taken into account through a dummy variable. And finally, the intensity
of the overall labor input allocated to farming is also related to all these variables.

The regression results depicting these relationships are summarized in Table 17.
The analysis shows that locational differences are significant. The regression coefficients
for the dummy representing the fallow period display the expected sign, but are not
significantly different from zero. This implies that the length of the fallow period does
not significantly affect the intensity of labor input allocated to land preparation or to
farming as a whole.

The type of crop mix does not explain the intensity of labor input allocated to all
the farm operations combined, but it is an important determinant of the intensity of
labor input allocated to planting, weeding, harvesting, and farm-level processing. Be-
cause the share of cassava is used to express the type of crop mix, this finding indicates
that the intensity of labor spent on these farm operations declines as the share of
cassava in the cultivated area increases. Specifically, a 1.00 percent increase in the
share of cassava leads to a decline ¢f about 0.29 percent in the amount of time per
hectare spent on planting, weeding, harvesting, and on-farm processing.

As expected, the coefficient for cultivated area is negative and highly significant in
all cases. The elasticities of labor input allocated to land preparation per hectare and
to cther farm operations with respect to cultivated area are —0.58 and —0.26, respec-
tively, while the estimate of the elasticity of the per hectare labor input allocated to
all farm operations combined with respect to the same explanatory variable amounts
to —0.42. This implies that a 1.00 percent increase in cultivated arca leads to a 0.42
percent decline in intensity of labor input devoted to farming. These findings confirm
what has been observed elsewhere in Asia and Latin America.

Intensity of Capital Use

The analysis of capital input data by crops indicates that rice is the most capital-
consuming crop in the survey area. By taking the intensity of capital input use for
plantain as a numéraire, it car: be seen that | hectare of rice uses 6.29 times the capital
input of plantain, whereas maize uses 3.48 times and cassava 3.42 times more inputs
than plantain (Table 18).

The analysis of the same capital input data in relation to the size of cultivated area
in Table 19 indicates that the amount of capital (tools and seeds combined) per hectare
declines as the size of cultivated area increases. The disaggregation of capital input
into tools and seeds gives a different picture. The amount of tools per hectare allocated
to farming continues to exhibit an inverse relationship with the size of cultivated area,
whereas the amount of seed shows a positive relationship.

In addition to the size of cultivated area, the intensity of capital input is also
determined by the type of crop mix adopted. Locational and other differences among
study communities are also expected to affect the intensity of capital use. These factors
are incorporated in the analysis reported in Table 20. The regression coefficient for
the type of crop mix is negative and significantly different from zero at the 1.60 percent
level except for the intensity of tool use. The elasticities for the intensity of capital
input (tools and seeds) ard input of seeds with respect to the type of crop mix are
about ~0.50 and —1.65, which implies that a 1.00 percent increase in the share of
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Table 17—Determinants of the intensity of labor input

Intensity Intensity

Intensity of Labor of Labor
of Labor Allocated Allocated to
Explanatory Variables and Allocated to Land Other Farm
Impcrtant Statistics to Farming Preparation Operations

Ln{man-hours/he-tare)

Intercept 06.81 5.35 6.00
(17.17)** (51.01)** {38.00)**
Lncultivated area -0.42 -0.58 -0.26
{(~7.04)** {-9.14)** (-3.37)**
Ln type of crop mix ~0.07 -0.29
(-0.67) (-2.13)*
Dummy for fallow period 0.04 0.04
(0.51) (0.48)
Dummies for location
D, 0.09 0.65 -0.64
(0.74) (4.63)** (~3.88)**
D, 0.56 0.74 0.23
(3.40)** (5.02)** (1.15)
Dy 0.40 0.48 0.34
(3.36)** (3.33)* (2.29)*
D, 0.57 0.79 0.46
{4.93)** (5.64)** (3.30)**
Dy 0.34 0.38 0.32
{3.17)** (2.96)** (2.35)*
R? 0.42 0.48 0.33
12.84 18.43 10.24
132 132 132

Source: Based on data from Tshikala B. Tshibaka, “Food Production in the Zairian Basin, Zaire, 1982/83," Institut
Facultaire des Sciences Agronomiques, Yangambi, Zaire, and International Food Policy Research Institute,
Washington, D.C., 1986 (computer printout).

Note: tvalues are in parentheses.

*Significant at the 0.05 level.

* *Significant at the 0.01 level.

Table 18—Intensity of capital input use bv crop

Average
Numberof Average A1=a/ Capital Input/ Intensity of
Crop Hou: zholds Househola Household Capital Use
(hectare) (%)

Rice 80 0.36 77.61 215.58
Maize 82 0.19 22.65 119.21
Cassava 128 0.29 33.97 117.14
Plantain 52 0.08 2.74 34.25
All crops 132 0.67 100.74 150.36

Source: Based on data from Tshikala B. Tshibaka, “Food Production In the Zairian Basin, Zaire, 1982/83," Institut
Facultaire des Sci: nces Agronomiques, Yangambi, Zaire, and International Food Policy Research Institute,
Washington, D.C., 1986 (computer printout),

Note: The capital inputs here are seeds and tools combined.
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Table 19—Cultivated area and intensity of capital input

Capital Input/Household _ Capital Intensity
Average Capital Input Capital Input
Number of Household Area/ (Toois »nd (Tools and
Cultivated Area Households Size Household Seeds) Tools Seeds Seeds Tocols Seeds
{hectares) (percent) {man- (hectares) (F3 (Z/uectare)
equivalents)
0.25orless 12.88 2.83 0.19 52.70 49 38 3.32 277.36 259.89 17.47
0.25-0.50 24.24 3.01 0.38 08.44 58.16 10.27 130.08 153.05 27.03
0.51-0.75 29.55 2.97 0.62 104.42 82.71 21.71 168.41 133.40 35.01
0.76-1.00 14.39 3.01 0.86 95.50 70.69 24.81 111.05 82.20 28.85
More than 1.00 18.94 3.35 1.32 173.03 107.35 65.58 131.09 81.33 49.76
Study area 100.C0 3.04 0.07 100.74 75.40 25.34 150.36 37.82 112.54

Source: Based on data from Tshikala B. Tshibaka, “Food Production in the Zairian Basin, Zaire, 1982/83," Institut Faculaire des Sciences Agronomiques,
Yangambi, Zaire, and International Focd Policy Research Institute, Washington, D.C., 1986 (computer printout).
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Table 20—Regression results for determinants of the intensity of capital input

Intensity of
Capital Input Intensity
Explanatory Variables and Allocated to of Tool Use Intensity
Important Staiistics Farming for Farming of Seed Use
Ln{£/hectare)
Intercept 4.61 5..20 2.24
(23.11)** {6.41)*" (14.18)**
Ln cultivated area -0.42 -0.64 0.30
(-4.32)** {-5.20)*"* (3.82)**
Ln type of crop mix -0.50 -0.17 -1.65
{(-2.94)** (-0.82) (~11.80)*"
Dummies for locztion
D, -1.22 -1.34 -1.36
(-5.89) ** (-5.20)** (~7.86)*"
D, -1.19 -1.00 -1.50
(—4.78)** (~3.39)* (~7.79)**
D, -0.73 -0.81 -1.07
(-3.76)** (-3.38)** (-6.90)**
D, -0.06 -0.20 0.61
{(-0.35) (-0.93) (4.55)**
Ds 0.13 -0.20 0.24
(0.75) (--0.94) {1.86)
R 0.35 0.39 0.67
11.08 12.56 36.95
132 132 123

Source: Based on data from Tshikala B. Tshibaka, “Food Production in the Zairian Basin, Zaire, 1982/83," Institut
Facultaire des Sciences Agronomiques, Yangambi, Zaire, and International Food Policy kesearch Institute,
Washington, D.C., 1986 {computer printout).

Note: t-values are in parentheses.

*Significant at the 0.05 level.

**Significant at the 0.01 level.

cassava in the cultivated area leads to 2 0.50 percent decline in the intensity of total
capital input and a 1.65 percent decline in the amount of seeds used per hectare.

The coefficient for cultivated area is negative and highly significant in equations
where total capital input per hectare and the cost of tools per hectare are used as
dependent variables, but positive and highly significant in the equation where the cost
of seeds sown per hectare is the dependent variable. The estimates of the elasticities
of the intensity of capital input with respect to cultivated area are —0.42 for tools and
seeds combined, —0.64 for tools alone, and 0.30 for seeds alone.

These results call for some explanation. Given that the share of tools in capital
input is very large (74.9 percent on average for the study area as a whole) and given
that these tools are hand held, and thus highly correlated to labor input, the intensity
of capital input (tools and seeds combined) would be expected to decline as the size
of cultivated area increased, as was the case for intensity of labor input. The observed
positive relation-hip between the intensity of seeds sown and the size of cultivated
area, however, suggests that households cultivating a relatively large area of land allocate
relatively more land to cash crops (rice and maize) than others. In other words, farmers
move from a subsistence to a market-oriented crop mix as the size of cultivated area
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increases. A summary of relevant survey data supports this conclusion (Table 21). The
share of cultivated area allocated to the cash crops, rice and fnaize, increases with the
size of cultivated land area, whereas tr= subsistence crops, cassava and plantain, exhibit
a declining trend.

An in-depth analysis of t!is relationship is summarized in Table 22. It shows that
the share of cultivated area zllocated to cash crops is linearly related not only to the
size of cultivated land area, but also to the domestic terms of trade between cash and
subsistence crops. The size of cultivated area, as well as the farmgate price of cash
crops relative to subsistence crops, are critical variables explaining the change in the
share of cultivated area allocated to cash crops by small farmers in the Zairian Basin.

A 1.00 percent increase in the size of cultivated area is associated with a 0.20
percent increase in the share of cultivated area devoted to cash crops, while a 1.00
percent increase in the demestic terms of trade between cash and subsistence crops
leads to a 0.12 percent increase in the share of cultivated area allocated to cash crops.

Relationship Between Cultivated As.a,
Labor, and Capital

The foregoing sections have shown that expansion of cultivated area would reduce
the intensities of both labor and capital use, which in turn would help increase the
productivity of labor and capital inputs allocated to farming. It should also be stressed
that in a situation where land is abundant relative to other resources and yield-increasing
technologies are unknown, expansion of cultivated area is the main source of food and
agricultural output growth. This depicts most parts of Sub-Saharan Africa and the Zairian
Basin in particular, in sharp contrast with many doveloping areas of Asia and Latin
America {Hayami and Ruttan 1985; Paulino 1986). The economic history of Zaire since
1960 suggests that the technological environment facing the small-farm sector is not
going to improve in the foresceable future unless some drastic changes in policy
direction are initiated (Tshibaka 1986): therefore, expansion of cultivated area is likely
to remain the key determinant of production growth.

Table 21—Cultivated area and change in crop mix

Share of Area
Average Arec, Area Allocated Allocated
Numberof  Househoid House- Cash  Subsistence Cash  Subsistence
Cultivated Area  Households Size hold Crops Crops: Crops Crops
(hectares) [percent) {man- thec- (hectare) {percent)
rquivalents) tares|
0.250rless 12.88 2.83 0.10 0.07 0.12 37 03
0.26-1.50 24.24 3.01 0.38 0.19 0.19 50 50
0.51-0.75 29.55 2.97 0.02 0.32 0.30 52 48
0.76-1.00 14.39 3.01 0.80 0.41 0.45 48 52
More than 1.00 18.94 3.35 1.32 0.79 0.53 60 40
Study area 100.00 3.04 0.67 0.36 0.31 54 46

Source: Based on data from Tshikala B. Tshibaka, “Food Production in the Zairian Basin, Zaire, 1982/83," Institut
Facultaire des Sciences Agronomiques, Yangambi, Zaire, and International Food Policy Research Institute,
Washington, D.C., 1986 (computer printout).
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Table 22—Regression results for cultivated area, farmgate prices, and share
of cash-crop area

Dependent Variable

Explanatory Variables and
Important Statistics Cash-Crop Area Share
Intercept 0.42
(6.95)**
Cultivated area 0.15
(4.51)**
Farmgate price of cash crops
relative to subsistence crops 0.01
(5.05)**
Dummies for lecation
D, ~0.17
(-2.48)*
Dy ~-0.11
{-1.60)
D, -0.12
(~1.92)
Dy -0.04
{-0.69)
R? 0.46
F 16.87
n 132

Source: Based on data from Tshikala B. Tshibaka, “Food Production in the Zairian Basin, Zaire, 1982/83," Institut
Facultaire des Sciences Agronomiques, Yangambi, Zaire, and International Food Policy Research Institute,
Washington, D.C., 1986 (computer printout),

Note:  t-values are in parenthcses.

*Significant at the 0.05 level.

**Significant at the 0.01 level.

Because land is abundant and freely accessible to each household in the study area,
and given the current state of technology in the area, the expansion of cultivated area
depends on the amount of labor time allocated to land preparation and on the amount
of capital tools available. This can be expressed as follows:

H =f(L,K,D,e), (3)

where
H = the cultivated area in hectares,

Lp = the labor time allocated toland
preparation in man-hours,

K, = capital tools in zaires,

D = a dummy to account for loca-
tional and other differences
among study villages, and

€ = an error term.

48



The regressior analysis was performed using Cobb-Douglas and transcendental
functions. Due to serious multicollinearity between labor time allocated to land prep-
aration and capital tools, the original data were transformed assuming a Cobb-Doug!as
function with constant returns to scale (Koutsoyiannis 1984). An F-test to compare the
Cobb-Douglas and transcendental functional forms, derived after this transformation,
suggests that the Cobb-Dc: glas functional form is appropriate. Table 23 displays these
regression results. The fit is good and the F-statistic is significant at the 1.0 percent
level. Locational differences are, overall, negligible. The coefficient for the ratio of labor
te: capital is positive and significantly different from zero at the 1.0 percent level.

The estimates of the elasticities of cultivated area with respect to labor time allocated
to land preparation and to capital tools are 0.75 and 0.25, respectively. These elasticity
estimates suggest that jabor time devoted to land preparation is the most important
determinant of the size of cultivated area. But one should note that tiie effects of capital
tools used is also significant. More specifically, a 1.00 percent increase in jabor time
and in capital tools allocated to land preparation will be associated with a 0.75 percent
and 0.25 percent increase in cultivated area respectively.

The implications for the intensities of both labor and capital use are obvious. A
1.00 percent increase in labor allocated to land preparation will ultimately lead to a
0.32 percent decline in the intensity of labor input allocated to farming.!!

Finally, to reduce the intensity of labor and capital use, the size of cultivated area
has to be increased through greater labor time devoted to land preparation. This change
in labor use and allocation will have substantial implications for the productivities of
both labor and capital, which will be discussed in the next chapter. Moreover, increasing
the size of cultivated area assumes that crops to be grown on this incremental area
are those that can he easily marketed. The access to market, which reflects the level
of infrastructural development, becomes critical. This underscores the need to improve
the infrasiructure in the arez.

"' The intensities of total agricultural labor (') and capital (K) are related to the amount of labor time
allocated to land preparation as follows: w = -6 and p = s, where w and p stand for the elasticities of
intensities of labor and capital inputs with respect to labor time allocated to land preparation; —t and —p.
stand for the elasticities of the intensities of labor and capital inputs with respect to the size of cultivated
area; and finally, b is the elasticity of cultivated area with respect to labor time allocated to land preparation.
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Table 23—Regression results for the relationship between cultivated area,
labor, and input of capital (tools)

Cultivated Area/
Explanatory Variables Capital Input
and Importaut Statistics {Tools)
Ln (hectare/#)
Intercept -5.66
(-50.44)**
Ln total labor time to land
preparation/tools 0.75
(13.60)**
Dummies for location
D, -0.02
(=0.13)
U, ~0.37
{-1.89}
D, -0.07
(--0.38)
Dy -0.31
(-1.906,*
Ds -0.07
{(-0.45}
R 0.69
F 49.16
n 132

Source: Based on data from Tshikala B. Tshibaka, *Food Production in the Zairian Basin, Zaire, 1982/83," Institut
Facultaire des Sciences Agronomiques, Yangainbi, Zaire, and International Food Policy Research Institute,
Washington, D.C., 1986 {computer printout).

Note: t-values are in parentheses.

“Significant at the 0.05 level.

“*Significant at the 0.01 level,
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7

FARM GUTPUT AND RESOURCE PRODUCTIVITIES
IN THE STUDY AREA

Farm Output

Production Function

Under given technological conditions, farm output is viewed as a function of culti-
vated area, labor, and capital, as well as cther variables such as weather. When a
cross-section study is carried out in a fairly homogeneous zone, these “other” variables
are regarded as given, and the farm output mainly becomes a function of cultivated
area, labor, and capital.

This formulation is theoretically adequate, but since land itself is not a constraint
to food and agricultural production in the Zairian Basin, the volume of farm output can
be regarded as mainly determined by labor and capital inputs. In addition, because
fallowing—a natural way of regenerating soil fertility—is the most important feature
of the farming system in the area, the effect of the length of fallow on the leve! of farm
output is also examined through a dummy that assumes a value of one for fallows of
seven or more years, and zero for those of less than seven years (Greenland and Okigbo
1983). Furthermore, the effects of factors such as locational differences among study
communities on the level of farm output are also taken into account through a dummy
variable with a value of one for the community of concern and zero otherwise. Formally,
this relationship can be expressed as

Q = f(L, K, Df, DI, e, (4)
where
Q = the crop output in kilograrmns,
L = thelabor input in man-hours,
K = the capital input in zaires,

Df = the dummy for the length of
the fallow period,

DI = the dummy for locational dif-
ferences, and

e =theerror term.

An important policy variable that is included with this relationship is the period
when a new crop—rice—was introduced. Rice was first ‘ntroduced in Turumbu and
Mongandjo during the period 1840-1911, but it was not introduced in Bomaneh until
1981/82. A dummy variable to account for the history of rice in the study area is
included in the rice production function, with a value of one assumed for Turumbu
and Mongandjo communities and zero for Bomaneh.
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For all crops combined, the aggregate output production function includes the type
of crop mix adopted as an additional shift variable. As indicated earlier, the share of
the subsistence crop, cassava, in cultivated area also expresses this variable in the
production function analysis.

Regression Results

Input/output data from the 1982/83 survey were regressed against the model
developed above. Cobb-Douglas and transcendental functions were estimated. Due to
serious multicollinearity between labor and capital inputs, the original data were trans-
formed assuming a constant returns to scale Cobb-Douglas production function. An
F-test comparing the Cobb-Douglas and transcendental forms showed the Cobb-Douglas
to be a more appropriate transformation (Koutsoyiannis 1984).

For crops other than rice, the transformation in which the average product of capital
(Q/K) was regressed against the labor/capital ratio (1./K) produced the most robust
regression results. For rice, however, the transformaiion having the average product
of labor (Q/L) and capital/labor ratio (K/L) as the main argument turned out to be
best. The econometric reason for this is not immediately obvious. The most robust
equation for either crop is given in Table 24. It is striking to see that in either case,
however, the estimates of output elasticities remain the same (see Appendix 2, Table 32).

The analysis shows that capital relative to labor is the most important factor affecting
the production of rice in the area, while labor input has a stronger impact on maize
than capital. For cassava and plantain, labor is the overriding input. For all crops
combined, the analysis suggests that labor is the main determinant of the farm output
level. The labor share of the aggregate crop output is aboul 78 percent, whereas that
of capital input amounts to about 22 percent. When all is said and done, however, it
should be kept in mind that, even in this predominantly subsistence sector, the effects
of capital cannot be ignored, although they are small relative to those of labor.

The analysis also indicates that the type of crop mix adopted is an important shift
parameter of the overall household crop output, but locational differences among study
communities cannot be ignored, and the length of the fallow period does not seem to
affect the level of farm output. Finally, the date when an innovation—rice—is introduced
in a community is an important variable. The analysis of rice input/output data indirectly
suggests that delaying the introduction of improved inputs and techniques in a given
area could seriously hinder agriculture in that area. Time plays a critical role in the
process of technological change.

Resource Productivities

Average Products of Inputs

At the outset, one shcu'd note that the farm output per hectare (all crops combined),
achieved under a cassava-based, mixed-crop, traditional farming system in the Zairian
Basin, is quite substantial (Table 25).

The average products of labor and capital (expressed in cereal equivalents) and
their values are higher in the production of cassava and plantain than in maize and
rice, suggesting that cassava and plantain are more productive and profitable than maize
and rice in the area. Furthermore, it is important to observe that the productivities of
land, labor, and capital vary greatly across commodities within this relatively homoge-
neous area. This result is confirmed by a number or other studies conducted elsewhere
in Sub-Saharan Africa. In the rain forest of Cote d'ivoire, den Tuinder (1978) found
that the returns to labor across major crops varied by a factor of one to five, and the
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Table 24—Regression results for food crop production functions

Explanatory Crop/Dependent Variable
Variables and Rice Maize Cassava Plantain AllCrops
Important Statistics LnQ/L LnQ/K LnQ/K LnQ/K LnQ/K
Intercept -1.06 0.60 2.72 2.92 0.93
(-2.14)* (1.90) (17.63)** (12.13)** (4.31)**
Lnl/K 0.63 0.98 0.85 0.78
(4.42)** (1o.11)=* 9.18)** (11.24)**
LnK/L 0.87
{(5.38)**
Dr 2.14
(5.00)**
Df 0.21 -0.22 0.04 0.12 0.05
{0.99) (—1.03) {0.34) {0.61) {0.44)
S 0.83
(2.57)**
Dummies for location
D, 0.08 0.73 -0.58 0.41 0.11
(0.18) (2.13)* (-2.96)** (1.58) (0.54)
D, 1.09 -0.16 -1.17 0.27 -0.78
(3.39)** (-0.41) {(-=5.60)** (0.66) (-3.34)**
D, 058 -0.07 ~-0.24 ~-0.10 -0.25
{1.54) (-0.17) {-1.22) (-0.38) (-1.31)
Dy 0.4! ~0.52 0.65 e 0.53
{0.,5) (-1.55) (3.60)** (3.00)
Dg -0.09 0.61 e 0.34
(-0.25) (3.91)** (2.22)*
R? 0.41 0.45 0.75 0.74 0.63
F 8.81 8.71 54.43 29.17 28.14
n 80 82 128 52 132
Elasticities with
respect to
L 0.13 0.63 0.98 0.85 0.78
K 0.87 0.37 0.02 0.15 0.22

Source: Based on data from Tshikala B. Tshibaka, “Food Production in the Zairian Basin, Zaire, 1982/83," Institut

Notes:

Facultaire des Sciences Agronomiques, Yangambi, Zaire, and International Food Policy Research Institute,
Washington, D.C., 1986 (computer printout).

Dr is the dummy for the date of introduction of rice in the study communities, Df the duinmy for the
length of the fallow period, and S the cassava share of the cultivated area to represent the type of crop
mix. Output for all crops combined is expressed in kilograms of cereal-equivalents using the following
conversion factors: 1.00 for maiz«-grains, 0.60 for paddy rice, 0.303 for cassava, and 0.220 for plantain;
t-values are in parentheses. Because rice, compared with other crops, requires relatively more capital
than labor, the transformation of data was performed using labor as a defator {L). For other crops and
all crops combined, which happen to require more labor than capital compared with rice, the transformation
was made using capital as a deflator (K). The . e of capital as a deflator in the rice equation and labor
in other crop equations give the regression coefficients for the labor/capital ratio (Ln L/K) in the rice
equation and capital/labor ratios (Ln K/L) in all other equations that are not statistically different from
zero except in the case of maize. All the estimates of the critical paranieters, for example, the elasticities,
are the same regardless of the deflator used (see Appendix 2, Table 32).

*Significant at the 0.05 level.
**Significant at the 0.01 level.
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Table 25—Resource use and productivities in the study area

Item Rice Maize Cassava Plantain  Afl Crops

Resourcr use and output
Distribution of crops among households 80 82 128 52 132
Cultivated area (hectare) 0.36 0.19 0.'9 0.08 0.67
Labor (man-hours) 557 175 336 42 824
Capital () 77.61 22.65 33.97 2./4 100.74
Output (kilograms of cereal-equivalents) 324.66 213.07 2,22514 133.20  2,539.31
Share ufeach crop in total output (percent) 7.75 5.21 84.97 2.07 100.00

Average 1;roducts of resources and their values
Cron y feld (kilograms of cereal-equivalents/

hectare) 901.83 1,121.42 7,0672.90  1,665.00  3,790.00
Value of crop yield {2/ hectare) 5,570.32  11,875.84 24,503.41 9,762.95 11,714.55
Average product of labor (kilograms of

cereal-equivalents/man-hour) 0.58 1.22 0.02 1.17 3.08
Value of average product of labor {Z/man-hour) 3.60 12.92 21.19 18.58 9.52
Average prodict of capital (kilograms of

cereal-equivalents/#) 4.18 9.41 05.50 48.01 25.21
Value of average product i capital (Zaires/#1} 25.85 09,65 209.69 285.03 98.50

Marginal products of resources and their vatues
Marginal product o flabor {kilograms of

cereal-equivalents/man-hour) 0.08 0.77 6.49 2.69 2.40
Value of marginal product of labor (Z/man-

hour) 0.50 8.15 20.70 15.76 9.74
Marginal product of capital {kilograms of

cereal-equivalents/#) 3.64 3.48 1.31 7.29 5.55
Value of marginal product of capital {Zaires/2) 22.49 30.85 4.19 42.72 35.57

Source: Based on data from Tshikala B. Tshibaka, “Food Production i the Zairian Basin, Zaire, 1982/83." Institut
Facultaire des Scierces Agronomiques, Yangambi, Zaire, and International Food Policy Research Institute,
Washington, D.C., 1986 \computer printout).

Notes: The outputs of individual crops are converted imo cereal-equivalents using the following conversion
factors: 1,00 for maize-grains, 0.60 for paddy rice, 0.303 for cassava, and 0.220 for plantain. The estimates
for individual crops and for all the Crops combined are based on weighted sample sizes. In addition, since
most maize output in the study area is used for the production of a local beverage, the value of average
product of maize in production of the drink, which is about £10.59 per kilogram of maize, is used as
the “implicit” price of maize. The average product of maize in the production of local beverage as about
1.05 liter per kilogram of maize, and the average price of one liter of this drink was 210.09 during the
survey. Farmgate prices used to compute values of marginal and average products of resources are reported
in Appendix 2, Table 31. The marginal products of resources are computed by multiplying the average
products of resources with the elasticities of output.

returns to land even more. The great variability in resource productivity across areas
and within areas among crops in the Sub-Saharan region could be ascribed to differences
in soil types, ecology, agricultural practices, biological nature of individual crops, physical
and human capital, and so forth.

Labor productivity in the Zairian Basin is lower than in other parts of Sub-Saharan
Africa, particularly in the production of cereals {Mellor, Delgado, and Blackie 1987;
Mellor and Ranade 1986; Dodge 1977; Massell and Johnson 1968). This study attempts
to answer the basic question of whether the observed level of labor productivity can
be increased given the current state of technology and resource endowment in the area.

Increasing Labor Productivity

Smallholder agriculture in the Zairian Basin has four basic characteristics: low labor
input per man-equivalent, a low capital-labor ratio, a high labor share »~ output, and
a low average product of labor. This suggests that the small-farm sector in the Zairian
Basin is still at a low stage of development (Hayami and Ruttan !985).
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The current debate in Sub-Saharan Africa is how to increace the productivity of
labor and consequently agricultural incomne. Conceptually, increasing labor productivity
involves two groups of related actions. The first group concerns actions that wil! prompt
movement along the production curve to a point where the value of the marginal
product of labor is equal to the implicit wage rate. At that level, the average product
of labor maximizes the returns to labor input. The second group of actions includes
those that lead to an upward shift in the farm production curve. In sum, the first group
of actions takes an improvement approach, while the second defines a transformation.
A combination of these actions results in a substantial increase in the labor productivity
(average product) of the farm sector.

This section examines whether a movement along the production curve, given the
current resource base in the study area, could result in increased labor productivity,
and if so what actions need to be considered in order to achieve this goal. Put differently,
it analyzes, on the basis of survey data, the effects of an increased allocation of labor
to farming on the productivity of labor.

Grouping the sample households on the basis of cultivated land area, as reported
in Table 26, reveals that substantial increases in labor time allocated to farming are
possible ard, if accomplished, would ultimately result in a tremendous increase in
labor productivity. Conservatively, it is possible for all households in the area to achieve,
with the current resource base, an average levei of laior productivity of about 3.88
kilograms of cereal-equivalents per man-hour. This represents an increase of about 26
percent over the labor productivity of 3.08 kilograms of cereal-equivalents per man-hour
attaired in the study area as a whole.

This is not sufficiently brought out in most studies simply because researchers tend
to estimate resource productivities computed at the mean values of the inputs for the
stucy sample as a whole. This procedure unwittingly masks the fact that a disaggregation
of the study sample indicates that a large part of the study households could be productive
at a level that is compatible with their current resource base if appropriate actions
were taken. This leads to the conclusion that by increacing the time spent performing
land preparation and other farm operations, productivity would improve. As Chapter
5 has shown, increasing the labor allocated to farming requires that both the domestic
terms of trade of farm products and the content of capital input in the farm sector be
improved.

Finally, it needs to be stressed that in increasing capital content not only should
the availability of tools and seeds be increased through appropriate distribution, market-
ing, and credit policies, but also the nature of these capital inputs should be changed.
High-yielding seeds in conjunction with fertilizers and pesticides should be provided—
particularly fer rice and maize production. Introduciig these technological changes
into the production process will improve the productivity of labor and other primary
inputs (Dodge 1977; Mellor and Ranade 1986; Hossain 1988).
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Table 26—Allocation and productivity of labor, 1982/83

Available Average Labor Input to Farming Volume of Qutput
Cultivated Number of Labor Force Areaper Per Per Man- Per Per Man- Intensity of Labor
Area Households perHousehold Household Household Equivalent Household Equivalent Labor Use Productivity
(hectare) (percent) {man- (hectares}) (man-hours) {kilograms of cereal- (man-hours/  {kilograms of
equivalents) 2quivalents) hectare)} cereal-
equivalents/
man-hour}
0.250rless 12.88 2.83 0.19 442.72 156.44 726.06 256.56 2,330.11 1.64
0.26-0.50 24.24 3.01 0.38 617.87 205.27 1,278.99 424.91 1,625.97 2.07
0.51-0.75 29.55 297 0.62 805.23 271.12 2,455.95 826.92 1,298.76 3.05
0.76-1.00 14.39 3.01 0.86 996.50 331.06 3,537.58 1,175.28 1,158.72 3.55
More than 1.00 18.94 3.35 1.32 1,247.56 372.41 4,840.53 1,444.93 945,12 3.88
Study area 100.00 3.04 0.67 824.42 271.19 2,539.21 835.27 1,230.48 3.08

Source: Based on data from Tshikala B. Tshibaka, “Food Production in the Zairian Basin, Zaire, 1982/83,” Institut Facultaire des Scie

Yangambi, Zaire, and International Food Policy Research institute, Washington, D.C., 1986 (computer printout).

nces Agronomiques,



POLICY IMPLICATIONS AND CONCLUSIONS

Resource Use and Allocation

The survey indicates that, despite ready availability of land, the cultivated area per
household and the cultivated land-man ratio remain small, largely because the amount
of labor time allocated to farming is limited and capital inputs are scarce. The elasticity
of cultivated area with respect to labor allocated to land preparation was estimated at
about 0.75 and that with respect to input of capital tools at 0.25, which suggests that
the expansion of cultivated area is primarily determined by the labor time spent on
land preparation and secondarily by the amount of capital tools.

According to this study, only 27! man-hours per man-equivalent were spent on
farming in this zone during 1982/83—a much smaller time than has been recorded
elsewhere in Sub-Saharan Africa. Cleave (1974) reported an average of 1,000 man-hours
and Haswell (1953) and Norman (1972) mention 500 to 600 man-hours per man-
equivalent per year. Farming's share of productive labor time was only about 35 percent;
the remaining 65 percent was spent on activities such as hunting, fishing, and gathering,.

The finding that a 1.00 percent increase in the preplanting farmgate price of farm
products relative to nonfarm goods was associated with a 0.38 percent increase in the
amount of labor allocated to farming indicates that farmers are responsive tc price
increases, but they perceive that other activities are more productive than farming,.
Another critical factor affecting the amount of labor devoted to farming in the study
area is the availability of capital inputs at the household level. A 1.00 percent increase
in the amount of capital input per man-equivalent allocated to farming resulted in a
0.28 percent increase in the amount of labor input devoted to farmir.3.

Although time sp:nt on agricultural labor is low for small farmers in the Zairian
Basin, the amount of labor required to farm a hectare of land is high. For all crops
combined (rice, maize, cassava, and plantain), an average labor input of about 1,230
man-hours per hectare was recorded during the 1982/83 crop year. Labor intensity
ranged from 525 man-hours per hectare for plantain to !,547 man-hours for rice. This
per hectare labor use is high compared with other parts of Sub-Saharan Africa and
Asia. For example, 822 man-hours of labor per hectare of sorghum were recorded in
Eastern Burkina Faso and 568 man-hours r2r hectare of maize in the Mumbwa area
of Zambia. The production of local varieties of sorghum in Maharashtra State, India,
required 477 man-hours per hectere, and that of local varieties of aman rice in
Bangladesh 1,067 man-hours.

The high labor input per hectare in the Zairian Basin is mostly explained by the
large amount of energy consumed in land preparation with hand tools in this rain-forest
area. The tropical climate saps farmers’ energy and contributes to the drudgery of
farming. To these environmental constraints, the relatively small amount of labor
alle~ated to land preparation constitutes an additional hindrance. The intensity of labor
use per hectare was found to be negatively related to the size of cultivated area. A
1.00 percent decrease in cultivated area is associated with a 0.42 percent increase in
the per hectare labor use. Because so little land is prepared, the intensity of labor use
per hectare tends to be higher. Increasing labor allocated to land preparation would
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help reduce the intensity of labor use per hectare. A 1.00 percent increase in labor
allocated to land preparation is associated with a 0.75 percent increase in cultivated
area, which, in turn, translates into a 0.32 percent decline in the amount of labor
input per hectare.

Resource Productivities

Considering the productivities of resources—that is, the average products of inputs
and their values—the study shows that cassava and plantain are the most productive
and profitable crops in the area. The expansion of cassava and plantain output has to
be tied to the development of livestock and related industries. Without this vertical
integration, the long-term prospects are not encouraging, because demand for these
crops (for human consumption) tends to decline as incomes rise. Rice and maize, the
two cereals produced in the area, have not been very productive, although agronomic
studies conductcd in the area suggest that the production of improved varieties could
yield at least 2,500 and 3,000 kilograms per hectare, respectively, compared with
about 900 and 1,100 kilograms per hectare at present.

Lew productivity of labor in the study area, particularly in the production of cereals,
is indicative of the small-farm sector in Zaire. And this is one of the key factors
underlying the decrease in per capita food output that has characterized the country
for the last two decades. To reverse the situation, substantial efforts to enhance the
productivity of labor input have to be initiated.

Conclusions

To increase the productivity of agricultural labor in the Zairian Basin, the study
suggests that efforts to stimulate farmers to allocate mare labor to farming should be
initiated by the Zairian Government. Since allocation of labor to farming is mostly
determined by the domestic terms of trade between farm and nonfarm products and
by the content of capital input available to farmers, two sets of related policy actions
need to be .ansidered.

First, the public sector should assume a larger role in efforts to integrate this remote
area into the mainstream of the national economy through investment in infrastructural
development such as roads and transportation systems. This integration will enhance
the terms of trade of farming in the area.

Second, steps to promcte the capital market and to increase farmers’ access to this
market through a set of policies including credit and pricing policies must be taken.
Specifically, measures to establish a distribution and marketing system for tools, equip-
ment, :nd seeds need to be examined in the short-to-medium term.

Furthermore, with respect to the introduction of impreved rice seeds, investments
in biological and chemical technologies offer opportunities to improve the productivity
ol labor and other primary inputs, particularly in the production of cereal crops.

Each of these policy actions is indispensable for getting agriculture moving in the
area. The cost of these policy actions is important, but whether these expenditures
have to be made is not a debatable issue. The Zairian Basin represents almost 40
percent of the total land mass. Investments in this regicn are a must if a stimulating
economic environment is to be created despite the region's sparse population. The
development of the farm sector alone (food and nonfood crops) will not cover the costs,
but because of these investments, other economic activities will develop.
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Perhaps the most important open question is that of sequencing and timing of
investments in view of limited government and private resources. A detailed analysis
of this issue is a necessary and useful complement to this study. Based on the findings
here, however, the first actions should include maintenance of tne existing road net-
work, the development of an input delivery system for tools, equipment, and seeds,
and the provision of credit. Finally, it should be stressed that the rain forest zone of
Sub-Sahairan Africa is more suited to tree crops than to annual food crops. Logically,
therefore, the appropriate smallholder agriculture to promote in the Zairian Basin in
the long run is a tree crop production system, with farm households relying largely on
purchased food. But, in the short and medium terms, smallholders in the area will
continue to be primarily food-producing,.

It is hoped that the findings of this study will provide a guideline for policymakers
to follow in designing policies to enhance the production of food crops in the short
and medium terms, as wel! as the production of tree crops by smallholders in the long
run. Although this study is concerned with a rather small part of rural Zaire, both the
findings and the policy implications should have wider relevance for Zaire as a whole.
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APPENDIX 1:
SOME METHODOLOGICAL NOTES

Statistical Method Used in Allocating Cultivated
Area Among Mixed Crops

The method formulated here was proposed by the Institut National des Statistiques
et d’Etudes Economiques de France in the book entitled La Statistique Agricole dans
les Pays en voie de Développement, as presented in Kaseko (1976).

The symbols are defined as follows:

AandB = two crops in mixed stands,

d,andd, = densities of these crops in
a pure cropping system,

d,anddy = densities of the same crops
when they are mixed,

T,and Ty = areas effectively occupied
by these crcps, and

T = total area.
Let
a, =d,/d, and ay = dy/d,.

It is accepted that the areas occupied by A and B are proportionate to a, and a,
respectively. It is also accepted that

T/, =Ty/ag, and T, + T, =T.

Thus,
T, =T(ay/a, +ay), and Ty = T(ay/a, + ay).

This can be generalized to include n crops in mixed stands as follows:

T,=¢T,
where
n

The coefficient, C,, is referred to as the part of the cultivated land effectively occupied
by crop i.

For the purpose of the study, pure crop densities were computed using the following crop
spacings proposed by Institut National d’Etude et de la Recherche Agronomique (1971):
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0.30 meter x 0.20 meter for rice,

0.75 meter x 0.50 meter for maize,

1.00 meter x 1.00 meter for cassava, and
4.00 meters x 4.00 meters for plantain.

Mixed crop densities were estimated directly from yield plots.

Yield Plot Method

Yield plots of 9 square m=ters each were selected for rice, a high-density crop. For
maize and cassava, plots of 19 square meters and 25 square meters each were consid-
ered. Because the number of plantains in the fields was limited, a complete count was
performed. Tl.e operation was spread over a long period of time during the survey for
cassava and plantain, slow-maturing crops.

The yield plot method tends to overestimate actual crop yields, particularly when
the fields are heterogeneous and contain mixed crops (Tollens 1975; Poate and Casley
1985). To reduce the level of this error, five plots were delimited in each household
field. The number of plants in these five plots were counted. Due to variation in soil
fertility, crop density, and a number of other factors, the pattern of crop yield variation
within a field approximates a clustered rather than a random distribution. Therefore,
at harvest time, each field was divided into four clusters. The number of plants counted
in the five yield plots were randemly harvested all over each cluster; and the crop
yield for the field was then derived.

This method provides an estimate of the biological rather ihan the economic yield
because it does not account for crop losses. Nevertheless, the estimates of biological
crop yields are still relevant for policy analysis. The estimation of crop losses that occur
between harvest and the disposition of the crop constitutes an important research topic
on its own merits.

Collinson’s Conversion Factors for Man-Equivalents

In his book entitled Farm Management in Peasant Agriculture, A Handbook for
Rural Development Planning in Africa, Collinson (1972) proposes a set of conversion
factors that take age and sex into account in transforming farm household size into
man-equivalents. Spencer (1972) in his rice study conducted in Sierra Lecne proposes
a different set of conversion factors. Norman {{973b) in his study of peasant agriculture
among the Hausa in northern Nigeria suggests yet another set of conversion factors.
After a critical examination of these three sets of conversion factors in the context of
small farming in tne Zairian Basin, Collinson’s conversion factors were adopted (see
Table 27). The breakdown of man-equivalents per household for the entire study area
is given in Table 28.
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Table 27—Collinson's conversion factors for man-equivalents

Age Group Male Female
(years)

Less than 10 0.00 0.00

10-14 0.25 0.25

15-19 0.67 0.50

20-55 1.00 0.67

More than 5% 0.07 0.50

Source: M. P. Collinson, Farm Management in Peasant Agriculture, a Handbook for Rural Development Planning
in Africa (New York: Pracger, 1972).

Table 28—Number of man-equivalents per household in the study area

Number of
Rural Community Households Males Females Total
(man-equivalents/household)

Turumbu 53 2.16 1.69 3.88
(1.12) (0.73) (1.53)
Yangambi-Kisangani road* 17 2.47 1.77 4.24
{r.rn {0.88) {(1.69)
Weko and Yambaw 17 2.12 1.87 3.99
{1.23) (0.73) (1.49)
Yangambi Isangi road” 19 1.99 1.46 3.45
{1.02) {0.56) {1.38)
Mongandjo 53 1.29 1.23 2.52
{0.59) {0.59) {0.92)
Bolikango 25 1.35 1.33 2.08
(0.08) {0.69) {1.05)
Babendja 28 1.24 1.13 2.37
{0.50) {0.48) (0.77)

Bomenge
Bomaneh 26 1.28 1.10 2.38
(0.41) {G 506) (1.73)
Studyarea 132 1.t5 1.39 3.04
{0.41 (0.69) (1.306)

Source: Based on data from Tshikala B. Tshibaka, “Food Production in the Zairian Basin, Zaire, 1982/83," Institut
Facultaire des Sciences Agronomiques, Yangambi, Zaire, and International Food Policy Research Institute,
Washington, D.C., 1986 {computer printout).

Note:  Figures in parentheses are standard deviations. Col.inson's conversion factors reported in Table 27 are
used to compute man-equivalents.

“ These villages were located 1p to 22 kilometers from Yangambi.

These villages were located up to 20 kilometers from Yangambi,
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APPENDIX 2: SUPPLEMENTARY TABLES

Table 29—Agricultural calendar for study villages, 1982/83

Location/Farm Operation ) F M A M } } A S O N D

Yangambi-Kisangani road*
Slashing, . ° ° o
Burningand clearing, ° .
Planting >
Weeding
Harvesting, processing, and marketing [ [ [} [ [ 0
Weko and Yambaw
Slashing (] . [ [
Burning and clearing, .
Planting . . . . .
Weeding . °
Harvestirg, processing, and marketing . . ° .
Yangambi-lsargi road"
Stashing . ) [} ) °
Burningand clearing ° . .
Planiting ° .
Weeding . . [
Harvesting, processing, and marketing
Bolikango
Slashing ° ° . ° ° . .
Burning and clearing .
Planting ° . °
Weeding
Harvesting, processing, and marketing
Bahendija
Slashing ° . ° ° °
Burning and clearing
Planting ° . ° ° .
Weeding
Harvesting, processing, and marketing . [ . [ .
Bomaneh
Slashing . . . ° °
Brrning and clearing
Planting e . [
Weeding °
Harvesting, processing and marketing

[ J
[}
[ ]
[ ]

[ ] [ ] L] [ ]
[ ] [ ] L] >

Notes: This calendar includes only farm operations carried out in the ongoing crop year. Operations related to
last crop season p2rformed mainly by female members are weeding of cassava and plantain, and marketing
of rice and maize during the January-February period. Harvesting arnd marketing of cassava and plantain
continue throughout the year.

* These villages were located up to 22 kilometers from Yangambi.

® These villages were located up to 20 kilometers from Yangambi.
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Table 30—Monthly intensity of labor allocated to farm and nonfarm activities per member fiousehold, 1982/83

Turumbu Villages
Along Yangambi- Weko and Along Yangambi- Mongandjo Bomenge Average for
Kisangani Road Yambaw Isangi Road Rolikango Babendja Bomaneh Study Ares
Non- Non- Non- Non- Non- Non- Non-
Month Farming farming Farming farming Farming farming Farming farming Farming farming Farming farming Farming farming
(number of hours/month})

Males
January 20 52 12 49 17 2G 28 69 a4 6l 20 38 24 49
February 23 54 43 58 40 25 51 50 55 36 37 34 42 43
March 25 27 42 51 40 20 37 40 50 29 35 29 40 33
April 24 55 28 60 37 27 00 28 55 45 23 29 39 40
May 18 70 29 75 24 41 59 20 15 81 24 26 28 49
June 17 71 24 07 25 46 46 27 21 114 12 22 24 54
July 21 74 31 74 31 31 45 36 6 180 6 23 23 65
August 14 75 31 63 21 29 22 52 7 200 3 25 16 69
September 18 53 14 55 15 27 19 58 7 186 14 38 14 66
October 20 60 5 52 23 26 9 67 14 109 12 37 14 57
November 17 57 7 37 26 23 9 77 12 152 3 27 i2 59
December 14 76 8 70 T 37 3 84 13 155 1 39 9 73

Females
January 18 17 27 17 15 12 2 45 0 13 9 23 9 23
February 0 41 0 18 0 28 0 49 0 28 1 25 0 32
March 1 ] 0 32 0 9 1 67 0 28 3 24 1 31
April 1 22 5 18 3 11 1 19 8 34 10 1 5 18
May 4 8 23 10 6 Il 1 5 (o] 36 56 8 15 12
June 9 7 25 10 28 8 31 o} 49 55 24 7 30 la
July 11 25 49 14 37 11 76 25 30 73 6 11 36 25
August 14 47 44 50 22 31 74 30 22 197 7 7 32 53
September 11 13 31 12 23 10 38 22 28 140 15 3 25 29
October 24 6 22 6 41 6 25 23 55 26 12 4 31 12
November 28 9 37 3 55 4 58 29 39 Q0 o} 4 37 21
December 25 13 30 2 26 3 53 25 55 61 4 2 30 16

Source: Based on data from Tshikala B. Tshibaka, “Food Production in the Zairian Basin, Zaire, 1982/83," Institut Facultaire des Sciences Agronomigues,
Yangambi, Zaire, and International Food Policy Research Institute, Washington, D.C., 1986 (computer printout).

Note: These are hours allocated to farming and nonfarming by average household member of either gender regardles of age. They should not be regarded as
man-hours. Nonfarm activities refer to hunting, fishing, and gathering.



Table 31—Preplanting farmgate prices in the study area, 1982/83

Rural Community/ Rice Cassava Plantain AllFour Game
Farm Number Villages Paddy Maize (Raw) Bunch Crops" Meat
{#/«ilogram)
Turumbu
2:-16 Yalungu and Yaselia 3.65 1.10 0.59 0.78 0.87 13.04
17-23 Bosukulu 3.08 1.26 0.64 0.79 0.95 15.47
2429 Yaondolo lland Yandimbiall  5.00 1.14 0.65 0.71 1.03 13.81
30-35 Yaloliall 5.00 i.18 0.73 0.64 1.10 15.86
36-48 Weko 3.16 1.01 0.29 0.53 0.57 18.23
49.61 Yambaw 1.78 1.04 0.25 0.46 0.43 14.19
62-76 Yakwondi and Obiloto 3.73 1.20 0.75 1.47 0.73 0.48
77-82 Lilanda 3.99 1.40 1.46 1.75 1.66 8.31
83-85 Yambele and Yaisowa 2.91 1.24 1.26 .64 1.39 7.52
Mongandjo
86-105 BolikangoIand Il 3.88 1.43 1.01 1.08 1.27 5.28
106-115 Bomboma 3.45 1.43 1.27 1.43 1.45 14.00"
116-137 Bolima and Bokangela 2.75 1.38 1.33 2.25 1.45 13.06
138-145 Bokobangoluand Bodjonga 2.50 1.00 1.00 1.35 111 9.81
Bomenge
146-175 Bomaneh 5.53 2.03 1.45 1.87 1.82 5.89"
Study area
2-195 3.07 1.27 0.91 1.19 1.12 .71

Source: Based un data from Tshikala B. Tshibaka, “Food Production in the Zairian Basin, Zaire, 1982/83," Institut

Facultaire des Sciences Agronomiques, Yangambi, Zaire, and Internationa! Food P
Washington, D.C., 1986 (computer printout}.
* The share of each crop in total labor input allocated to farming was used as a we
farmaate price for the period of Septembe
March, most of the land pre

¥ The price of fish is given instead of meat.

olicy Research Institute,

ipht for the weighted average
r 1982 10 March 1983. During the pericd between September and
paration is performed.
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Table 32—Regression results for food crop production functions using capital
as a deflator for rice and labor for other crops

Crop/Dependeni Variable

Explanatory
Variables and Rice Maize Cassava Plantain All Crops
Important Statistics LnQ/K LnQ/L LnQ/L LnQ/L LnQ/L
Intercept -1.06 0.00 2.72 2.92 0.94
{-2.14)* {1.96) (17.63}** (12.13)** (4.31)**
Lnl/K 0.13
(0.78)
LnK/L 0.37 0.02 A5 0.22
(2.04)* (0.37) (1.01) {3.09)**
Dr 2.14
(5.06)**
Df 0.21 -0.22 0.04 0.12 0.05
{0.99) {-1.03) {0.34) (0.01) {0.44)
S 0.83
(2.57)**
Duminies for location
D, 0.08 0.73 -0.58 0.41 0.11
{0.18} (2.13)* (-2.96)** {1.58) (0.54)
D, 1.09 -0.16 ~1.17 0.27 -0.78
{3.39)** (-0.41) {-5.60)*" {0.60) {(-3.34)**
D, 0.58 -0.07 -0.24 -0.10 ~-0.25
(1.64) (~0.17) {-1.22) {-0.38) (-1.31)
Dy 0.01 -0.52 0.65 0.53
(0.05) {-1.55) {3.60)** (3.00)**
Dy -0.00 0.01 0.34
{-0.25) {3.91)** {2.22)*
R? 0.42 0.26 0.56 0.04 0.53
F 9.11 5.02 23.59 1.39 19.34
n 80 82 128 52 132
Elasticity of output
with respect to
L 0.13 0.03 0.98 0.85 0.78
K 0.87 0.37 0.02 0.15 0.22

Source: Based on data from Tshikata B. Tshibaka, “Food Production in the Zairian Basin, Zaire, 1982/83," Institut
Facultaire des Sciences Agronomiques, Yangambi, Zaire, and International Food Policy Research Institute,
Washington, D.C., 1986 (computer printout).

Notes: Dr is a dummy to reflect the date of introduction of rice in different communities, Df is a dummy tn
account for the length of the fallow period, and S is a dummy for the share of cassava in cultivated area
to reftect the effect of the crop mix adopted,
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