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Preface

THis book arose from an introductory course of lectures on the characteristics
of tropical farming systems for undergraduates at Stuttgart-Hohenheim and
Géttingen Universities and for graduates in general agriculture who were
preparing for applied work in the tropics. Beyond its use in lecturing, the
book is intended to provide the agricultural development worker with a
framework into which he can fit the various types of farming that he will
encounter, and at the same time to introduce him to the management prob-
lems that arise in particular farming systems. The subject is considered in the
agro-economic setting. Emphasis is !aid on the interactions between technical
and economic aspects of farming. Information about soils, climate, and socio-
institutional factors is deliberately kept short.

Recently, much literature has become available about tropical agriculture,
dealing with such crucial topics as soil fertility, irrigation, and practices in
plant and animal husbandry. Land-tenure problems, farmers’ behaviour,
and agricultural-policy measures are increasingly dealt with in a growing
number of publications. ! have, therefore, preferred to restrict this book to
the farm-management aspects. The primary economic characteristics of the
more important tropical farming systems and their broad lines of develop-
ment are described and analysed. It is hoped that this information, as well as
promoting understanding, will be helpful in the planning of meaningtul
development policies for agricultural production in tropical countries.

The subject is by no means dealt with exhaustively, and many more
farming systems than those depicted deserve consideration. I have tried in
the illustrations to cover the major tropical crops, but no emphasis has been
laid on a geographical balance. As far as possible, the case studies have been
taken from areas that I have visited and where I was in a position to confirm
the information cited in the relevant literature, This is the reason why most
of the case studies are from Africa and Asia and very few are from Latin
America.

In order to describe the economiic situation of each type of farming, I have
used quantitative information about inputs and outputs, and much of it is
expressed in monetary terms. These figures have, of ccurse, to be considered
with great caution. They are difficult to compare because of wide differences
in price levels and price relationships. Monetary information of this nature is
necessary in order to help provide a clear picture of the circumstances of
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farming under different conditions of production. It should not be overlooked,
however, that the relevance of the quantitative information depends on the
year, on the country, on the farming system, and on the method of estimation.

In the complex task of writing this book I have been greatly assisted by
several co-workers. The main debt is, of course, to the numerous small-
holders, farmers, and estate managers who so willingly discussed their work
and problems. They in fact provided the information t..at is presented in
this book. Most valuable advice and criticism were given by my friend John
D. MacArthur, who read the manuscript a number of times. To him I am
indebted for a great number of suggestions and ideas, and for Chapters 2
and 10, which he wrote. Mr. and Mrs. P. C. Brown deserve my thanks for
having translated the original German version of the manuscript.

I owe a special word of thanks to the Volkswagen Foundation and the
Fritz Thyssen Foundation. The took would not have been possible without
the research funds that I received from them. The inclusion of the plates
was made possible by a grant from Mr. Heinric!. Herrmann, Stuttgart,

HANS RUTHENBERG
Stuttgart-Hohenheim
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1. Introduction

—————

1.1. Definition of the geographical area

Geographically, this book deals with tropical farming systems only, al-
though much of the information is valid also for subtropical farming, The
tropical regions are generally defined as those lying between 233° to the
north and 233° to the south of the equator. This, however, is too rigid a
definition for the purpose of dealing with farming systems. I therefore prefer
the definition of Waibel (1933), who used the criteria of economic geography,
and defined as tropical those regions between the dotted lines in Fig. L1}
This definition is generally applied in the following chapters.

2
PO

B

§9

Fic. 1.1. The tropics, defined according to the principles of economic geography (from
Manshard 1968, p. 18).

The main ecological regions within the tropics have been classified by
Manshard (1968, pp. 36, 64), who distinguishes between (1) the rainforest,
which has 0-2} arid months, (2) the humid savannas, having 2}-6 arid
months, (3) the dry savannas, with 6-8} arid months, (4) the thorn savannas,
which have 84-10 arid months, (5) the semi-desert and full desert, where
there are more than 10 arid months, and (6) the tropical high-altitude areas.

! Von Wissman's definition of the tropics, based on climatic criteria, gives almost
identical results (see Manshard 1961, p. 13).
2



2 INTRODUCTION
1.2. Definition of farming systems

The natural, economic, and socio-institutional conditions of agricultural
production vary widely from place to place and over periods of time. In the
process of adapting cropping patterns and farming practices to the conditions
of each Jocation and the aims of the farmers, more or less distinct types of
farm organization have developed. In fact, no farm is organized exactly like
any other. For the purpose of agricultural development, however, in order
to devise meaningful measures in agricultural policy, it is necessary to classify
farms according to their farm-management characteristics.

1.2.1. Collecting

Collecting is the most direct method of obtaining plant products. It may
include either regular or irregular harvesting of uncultivated plants. Hunting
and fishing usually go hand in hand with collecting. In prehistoric times,
activities of this kind were a major source of food supply. In some regions
these activities still provide rather important additions to the subsistence food
“ained from organized production in arable farming and animal husbandry.
Only in a few cases (the wild oil-palms in some parts of West Africa, the gum
arabic of the Sudan, the wild honey of Tanzania) is collecting a major cash-
earning activity.

1.2.2. Cultivation}

Much more important than collecting are the numerous types of cultiva-
tion. The different cultivation systems may be classified according to a number
of particular features. The most important classifications that have been
adopted by recent authors are as follows:

(a) Classification according 1o the type of rotation® (after Aereboe 1919;
Brinkmann 1924; and Woermann 1959). Fallow syst:m describes a situation
where cultivation alternates with an uncultivated long-term fallow, which
leads to the regeneration of a wild vegetation of trees, bush, or unused grass.
Often, but certainly not in all cases, fallow systems are practised in conjunc-
tion with fire-farming, in which the wild vegetation is burned off before
planting.

Ley system describes those cases where grass is planted or establishes itself
on land that has carried crops for some years. The grass is allowed to remain

' The word cultivation is used in this book in the sense of the preparation and use of
land for growing crops. This doss not necessarily imply that the ground around the plants
must be loosened.

? The word rotation has two meanings according to the time period involved. There is
the long-term alternation between various types of land use, such as arable farminﬁ. tree
farming, grassland use, fallow, etc. In this connection, rotation means the sequence of these
basic types of land use on a given field. Within arable farming, there is also the term crop
rotation, which means the short-term sequence of different arable crops on one field. In
this section, the word is used in the first of these two senses.
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for several years and is used for grazing. In the savannas there are extensive
areas of wild or unregulated ley farming. In these areas, we find that, after a

riod of cultivation of several years, the field is covered with grass and
shrubs for several more years and serves as rough pasture. Regulated ley
farming, with established swards during the non-cropping period, is rare in
the tropics, although it is found in some highlands (e.g. in Kenya) and in
Latin America.

Field systems occur where one arable crop follows another, and where
established fields are clearly separated from each other. The grassland associ-
ated with field systems is usually treated as permanent grassland, whether it
is rough or well cared for, and it is separatcd from the arable land.

Systems with perennial crops, i.e. with crops that cover the land for many
years, are in a separate category. Within this category we distinguish between
perennial field crops like sugar-cane and sisal, bush crops like tea and coffee,
and tree crops proper like oil-palm and rubber. All kinds of rotation are
found. In some cases tree crops are alternated with fallow, in others with
arable farming, grazing, or other perennial crops.

(b) Classification according to the intensity of the rotation (after Terra
1958; Nye and Greenland 1961; and Faucher 1949). The fallow and ley
systems display considerable variations and degrees of intensity. This is
especially true for field-bush rotations and for unregulated ley systems in the
African savannas. A relatively simple and appropriate criterion for classifica-
tion is the relationship between crop cultivation and fallowing within the
total length of one cycle of land utilization. Following the suggestion of
Joosten (1962), we define the symbol R as the number of years of cultivation
multiplied by 100 and divided by the length of the cycle of land utilization.
The length of the cycle is the sum of the number of years of arable farming
plus the number of fallow years. The characteristic R indicates the proportion
of the area under cultivation in relation to the total arca available for arable
farming. If, for instance, 40 per cent of the available arable land in one
holding is cultivated, then K is 40.

As long as fallow farming has an extensive character, in which many
fallow years follow a short period of cultivation, R remains very small. If,
for example, cighteen fallow years succeed two years of cultivation, as is
frequently the case in the rainforest, R amounts to 10. This extensive type of
fallow farming is generally designated shifting cultivation, because the shifting
of fields within a broad area of wild vegetation usually results in the gradual
relocation of the farming population. On the other hand, it should not be
forgotten that there are a number of regions where stationary populations
practise shifting cultivation.

The larger R becomes, the higher is the percentage of the area cultivated
annually in relation to the total area available for arable farming, and the
more stationary the character of the farming becomes. When cultivation is
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extended so far at the expense of fallowing that the characteristic R reaches
or ¢xceeds the value 30, then we can hardly speak of a shifting of the fields
any more. A level of intensity of land utilization has been achieved that
Terra, Nye, and Greenland designate semi-permanent cultivation, and that
Faucher designates stationary cultivation with fallowing. A characteristic R
value of 50 is obtained, for example, if seven fallow years succeed seven years
of cultivation.

When the R value exceeds 70, and the soil is cultivated nearly every year
or even more often, then permanent farming is being practised. Permanent
farming may again be conveniently classified according to the degree of
multiple cropping. An R value of 150 would indicate that 50 per cent of the
area is carrying two crops a year, and a value of 300 would indicate that
three crops a year are being grown.

(c) Classification according to the water supply. One of the first steps in
classifying land utilization is to question whether farming is practised with
or withcut irrigation. In irrigation farming, to cnsure that the moisture level
of the soil is higher than would occur naturally, a water suppiy is directed
into the fields, or the rain-water in the fields is purposefully dammed up.
Farming without irrigation is widely referred to as dry farming. In the interest
of precise definition, however, it is advisable to speak of dry farming only
where in semi-arid climates grain and leguminous crops are alternated with a
fallow of one or two years. A distinction between irrigated farming and rain-
JSed farming is therefore preferred.

(d) Classification according to the cropping pattern and animal activities. A
most important aspect of the definition of farming systems is usually the
classification according to the main crops and the livestock activities of the
holdings. Each activity has different requirements as to climate, soils, mar-
kets, and inputs. Therefore those farms can be grouped togather whose gross
returns (sales plus household consumption plus changes in stock) are simi-
larly constituted, to give, for example, coffee-banana holdings or ricejute
holdings.

(e) Classification according to the implements used for cultivation. In addi-
tion, holdings are occasionally classified according to the main implements
used. In various parts of the world, the land is cultivated by methods that
require either no implements, or a few very simple tools. Millet is sown
without fire-farming or soil preparation by a few nomads in the Sahara.
Shifting cultivators frequently sow in ashes without touching the soil either
beforehand or afterwards. Rice growers in Madagascar, Ceylon, and Thai-
land make use of the treading of animals: a large number of cattle are driven
across the moist field to trample down the soil until it becomes a mire ready
for planting. In some parts of the world, planting-sticks and digging-sticks
have not yet been replaced by hoes, spades, or ploughs. However, with the
exception of these pre-technical methods, the mair divisions are (1) hoe
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farming or spade farming; (2) farming with ploughs and animal traction; and
(3) farming with pioughs and tractors.

(f) Classification according to the degree of commercialization. There are
a number of distinct types according to the percentage of sales in relation to
the gross return. Subsistence farms are those where agricultural products are
raised with the main purpose of covering only the needs of the household;
selling is limited to surpluses of these products. The share of sales in relation
to the gross returns is less than 25 per cent. Partly commercialized farms are
those where the systematic cultivation of cash crops is practised in addition
to production for household needs. However, the percentage of sales still
remains below 50 per cent of the gross returns. Semi-commercialized farms
are similar, but in addition to production for the household so much cash
cropping is carried out that the share of sales amounts to 50-75 per cent of
the gross returns. Highly commercialized farms are the remaining type, in
which less than 25 per cent of the gross output is consumed by the household.

1.2.3. Grassland utilization

The low yields of grassland areas in the arid and semi-arid tropics necessi-
tate either nomadism or semi-nomadism, or the development of ranching
systems. It seems advisable, therefore, to classify the different types of live-
stock farming according to the degree of stationariness of both the animals
and those who tend them. According to Dittmar (1954), five main types can
be distinguished:

(1) Total nomadism covers systems in which the animal owners do not

have a permanent place of residence. They do not practise regular cultiva-

tion and their families move with the herds.

(2) Semi-nomadism is a related system where the animal owners have a

permanent place of residence near which supplementary cultivation is
~ practised. However, for long periods of time they travel with their herds to

distant grazing areas.

(3) Transhumance is the situation in which farmers with a permanent place

of residence send their lierds, tended by herdsmen, for long periods of time

to distant grazing areac.

(4) Partial nomadism is characterized by farmers who live continuously in

permanent settlements, and who have herds at their disposal which remain

in the vicinity.

(5) Stationary animal husbandry occurs where the animals remain on the

holding or in the village throughout the entire year.

1.2.4. Procedure in this book

The definition, classifications, and criteria outlined above are eraployed in
the following chapters. Collecting systems are omitted because of their
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ecor.omic insignificance. The book is restricted to cultivation systems and
grazing systems, and its main chap:ers are organized according to the type
2nd intensity of land use. As major cultivation systems, a distinction is thus
made between shifting cultivation systems, semi-permanent cultivation
systems, systems with regulated ley farming, systems 'ith permanent cultiva-
tion on rain-fed Jand, systems with arable irrigation farming, and systems
with perennial crops. Under the heading of grazing systems, only nomadic
grassland use and ranching are considered. The other forms of grassland use
are described as part of the relevant cultivation system.

1.3. Dofinition of farms

Farming within each system is carried out in holdings, which are more or
less distinct managerial units. Following Woermann (1959), holdings are
here defined as organized, economic units in which plant and animal pro-
ducts are produced for the purposes of gain. The economic aims that underlie
such gainfui employment vary from case to case. In larger holdings, market
production and profits are the main objectives, whereas for the smallholder—
and most of the tropical land is farmed by smaltholders—the farm and the
household are closely connected. Equally as important as, or even more
important than, saleable produce on such a farm is the provision of tood for
the household, together with goods for personal consumption like tobacco,
or raw materials like wool or materials for building huts. Other important
production aims are the safeguarding of the future by accumulation of
capital in the form of animals or plantations, and the increasing of social
status by accumulation of wealth or by special technical, social, and economic
achievements.

Although agricultural enterprises are usually tied to a clearly defined place,
this is not always the case. For example, production by nomads is based on
herds that trek from grazing area to grazing area. In shifting cultivation, the
fields are shifted over an extensive area. Nomads and shifting cultivators
produce for the purposes of gain, but they operate without a stationary
habitat.

Holdings are usually, but not always, under the management control of
one person. In some cases, there are holdings where a group of people operate
on a communal basis without electing or nominating a manager. In small-
holder farming in Africa south of the Sahara, it is usuat for individual mem-
bers of a household to cultivate small plots as they think fit and with differing
economic aims. In these cases, the holding comprises the various fields
belonging to the family as a whole.

Where production for the market has priority, there is usually no difficulty
in identifying the holdings and the holding management, but where subsist-
ence farming predominates it is not always easy to recognize and to define
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ngle boldings, and judgement has to be arbitrary in many ways, Because of
1e dependence of cropping and use of labour on the requirements of the
ousehold, it seems advisable to include in one holding the land and animals
fiat belong to a household at a given time, or which the members of the
wousehold have the right to use. The communal kitchen is usually the defining
*haracteristic of the household itself,

Within a farm, the various activities are connected functionally in ways
-hat can vary from the simple to the very complicated, but in all of them there
is a system. Most of the crop and animal activities on a farm are closely
related to each other by the common employment of labour, land, and
capital. Cultural practices are also closely linked with the various crop and
livestock combinations. Chan,2s in any one practice usually require a re-
appraisal of all the others, since the former balance will have been upset.
Each farm is thus a cohesive, adjusted system in jtself,

‘Men wish to make their activities “efficient” rather than wasteful’
(Herskovits 1964, p. 512). Consequently, ‘it can be taken as cross-culturally
acceptable that, on the whole, the individual tends to maximize his satisfac-
tions in terms of the choices he rnakes, Where the gap between utility and
disutility is appreciable and the producer . . . is free to make his choice, then,
other things being equal, he will make his choice in terms of utility rather
than disutility’ (Herskovits 1965, p. 18). In describing farming systems and
their characteristics, we start therefore with the assumption that they did not
come about by chance and that there js always a reason why farming in a
specific case is carried out in one way rather than another,

Having thus defined the geographical region with which we are concerned,
the farming systems, and the meaning of the word farm or holding, we proceed
to a consideration of some of the more important characteristics of farming
in the tropical environment and their implications for farm management,



2. Some general characteristics
of farming in a tropical
environment

by J. D. MacArthur

FARMS in the tropics, like farms everywhere, are adjusted to the circum-
stances of the environment in which farmers find themselves. This is particu-
larly true of smallholder agriculture, which predominates in most tropical
areas. The levels of production technology and the resources available to
smallholders are such that they have only a limited ability to change or adapt
their practices to the rigours and possibilities of each situation. The growing
literature on agricultural systems underlines the remarkable ingenuity with
which farmers and pastoralists have devised workable systems of production
for almost all of the many climatic and social situations that occur within the
tropical zone. A full appreciation of the extent and nature of producers’
adaptation is best obtained through consideration of the main features both
of the natural environment and of some critical aspects of tropical farming.
which partly arise from tire natural conditions of production.

2.1. The natural environment

In this section, attention is drawn to some of the most important features
of the natural environment, which can be classified into three main groups
covering climatic, soil, and biological conditions. Whilst some valid generali-
zations can be made about them, it is important to stress at the outset that
the tropical areas are characterized by enormous variability, which stems
mainly from the different manifestations of climatic effects on the one hand
and altitude on the other. Large stretches of uniform ecological conditions,
like the North American prairies, or the Black Soil belt of continental
US.S.R,, a.e not found in the tropics. Consequently, generalizations about
tropical conditions such as are inade here are inevitably beset with over-
simplifications. Interpretation of their importance in particular circumstances
requires great care.
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2.1.1. Climatic influences

Climate is the main distinguishing feature of those areas that are usually
considered as falling within the tropical zone, a term which, as Fig. 1.1
shows, generally refers more to places with particular types of climate than
to those areas that fall between the two confining lines of latitude. Such areas
are normally hot by comparison with other parts of the world. Except where
high altitudes modify the effect substantially, coldness is seldom or never a
limiting factor of agricultural production. In some parts of the tropics,
especially the humid forest zones, and in irrigation areas, crop production is
possible at every time of the year. Where the water supply and the quality of
the soils are sufficient to make full use of the advantages created by an ample
and even supply of solar energy, the production potential of tropical farming
is extraordinarily high, as testified by record harvests, which according to
Bradfie.d (1968) attain the following levels:

(1) Rice in Madras, India: 13 400 kg per hectare in one harvest.

(2) Rice and three sorghum crops per hectare in twelve months in the
Philippines: total yield 5000 kg of rice, 16 500 kg of sorghum.

(3) Sweet potatoes in the Philippines: 30 tons in 90 days.

Most of the tropics, howver, experience a seasonal pattern of rainfall,
with distinct periods of high and low levels of precipitation. This means that
soil moisture levels at certain periods are not sufficiently high to sustain
plant growth. Moreover, effective rainfall in the tropics is often less than in
temperate areas, since evaporation and transpiration losses are much more
severe in the heat. Apart from giving rise to a seasonal shortage of soil
moisture in some areas, rainfall patterns are also characterized by their great
variation between one year and another, and between adjacent places. The
degree of this variation can be greatest in those places where mean annual
rainfall is lowest. However, in large parts of the tropical world, a considerable
degree of uncertainty attaches to the level of rain that will fall in any one
season, with both drought and flood as serious possibilities that occur all too
frequently. Moreover, when the rains do come, they often occur in a series of
very heavy storms, in which a lot of rain falls within a short time. Wherever
it occurs, this pattern of precipitation, with its unpredictability and severity,
increases the problems and uncertainties of farming.

Another main feature of the tropical climate is the importance of wind.
The impact on temperature and rainfall of some of the main rain-bearing
winds, especially the monsoons that are associated with the large continental
land masses, is well known, as are the more sensational hurricanes and ty-
phoons. However, winds blowing off the hotter land masses—especially the
larger deserts—can have dramatic consequences of their own because of their
intense drying effect. In many tropical areas the dry season is a time of
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fairly high winds, which not only reduce the opportunities for plant growth,
but also briny a threat of wind-induced erosion.

A number of other efiects of climate on tropical agriculture can be import-
ant. Within the tropical latitudes, there is relatively little variation in day
length between one part of the year and another, and on the equator the
length of all days of the year is virtually the same. Within the day, the intensity
of solar radiation and the air temperature may undergo fairly rapid changes,
although both effects are less pronounced in places where and at times when
the relative humidity of the atmosphere is high, and when there is a high
incidence of cloudiness. This means that, whilst the hours of daylight are
limited to something likz the length of a typical day in early spring or autumn
in temperate latitudes (i.e. 13-15 hours), the heat and intensity of radiation
may at times be so great that animals and workers seek the shade, and can
pursue productive activities for only a limited period. Altitude reduces the
temperature effect, but can intensify the radiation problem beyond comfort-
able levels.

Climate exerts its influence on farming not only through the control that it
imposes on the timing and volume of plant growth, but also through its
effect on livestock production. Excessive heat and humidity can upset animal
physiology, causing distress, reducing appetites, and limiting productivity.
At the same time, high temperature and/or humidity can make the conserva-
tion of harvested produce very difficult, leading to high losses amongst crop
reserves kept for use outside the productive season.

2.1.2. Soil conditions

Tropical soils vary enormously in type and suitability for farming. Some
are derived from materials that are the products of fairly recent geological
events, being volcanic or sedimentary in origin, whilst others are derived
from very old igneous material. Despite their great variation, however, a few
useful generalizations about tropical soils can be nade.

Perhaps their most widespread feature is the extent to which the pattern of
precipitation in sudden heavy rainstorms has led to extensive leaching, so
that most of the soluble plant nutrients have been carried away. Consequently
many soils, particularly in high-rainfall areas, have a low level of natural
potential fertility. Also detracting from their fertility status is the low level of
organic material that is typical of most of them. Under warm tropical condi-
tions, most organic matter breaks down quickly whenever it is moist, resulting
in a rapid but short-term release of nutrients in areas of alternating wet and
dry seasons.

Another common characteristic that detracts from their fertility is the
poor structure of many tropical soils. Because of this feature, they may not be
resilient under intensive cultivation, and this consequently increases the high
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risk of water and wind erosion. Erosion by surface water is a constant danger,
especially because of the intensity of tropical storms.

2.1.3. Biological environmen:

Partly within the sphere of human control is the biclogical environment:
the natural or introduced species of all kinds, which, in tropical conditions,
are particularly numerous and varied. In the warmth, many kinds of weeds,
fungi, and parasites survive very well wherever moisture levels are high
enough, so that domesticated plants and livestock are constantly subject to
competition or parasitic infection and disease. This presents many problems,
Not only is cropping beset by the ever present need for clearing and weeding,
and the removal of secondary vegetation, but all farm production processes
are exposed to high risks from pests and diseases of many kinds. Some of the
principle scourges, like the tsetse fly and ticks, are constantly present, as are
some of the virus and bacterial agents that cause serious crop and livestock
diseases. Others are not a constan threat, but may build up to plague propor-
tions in a very short time. This is especially true of insect pests, but appiies
also to many other species, inch.ding rodents and even small birds, which
can wreak sudden and tremendous havoc amongst growing and harvested
crops.

In a pre-technical scciety, the farmers’ main palliatives for problems of
this kind are adaptation or avoidance. Many of the effects of other biological
agents cannot be avoided, but traditional husbandry methods contain many
risk-spreading features that are designed particularly to overcome problems
of this kind.

2.2. Some critical aspects of tropical farming

Farmers who work under the circumstances depicted in the lzst section are
faced with managemunt problems and dilemmas of four main kinds, which
derive from certain features of their natural environment and are reflected
in the systems of farming that they follow.

2.2.1. Problems of soil fertility

First, the numerous problems of maintaining soil fertility in a humid
tropical environment have to be considered. The importance of soil fertility
and conservation is clearly recognized by most tropical farmers, and practic-
ally every system of farming involves measures that are specially adopted to
increase the fertility of land that is being cropped. Essentially, the fertility
problem is one of making available in the upper layers of the soil sufficient
nutrients (in the right condition of solubility and availability) to allow plants
to grow. Under natural conditions, an equilibrium tends to develop in which
losses through leaching and surface run-off are made up by the chemical
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breakdown of soil minerals and the supply of available nutrients from lower
soil layers that deep-rooted plants maintain. In contrast to this natural
situation, cropping or other forms of farming are almost always exploitive,
in that they involve the removal of nutrient-bearing product materials from
the places where they were produced and use of them elsewhere. Often the
residues remaining after their use by humans are not returned to the land,
but are disposed of so as to be carried away in drainage water. Natural
replenishment may in some circumstances keep pace with this loss, whilst
farmers may ‘concentrate’ fertility by gathering crop residues, manure, or
natural vegetation in those places where they intend to undertake cropping.
However, all of these systems are wasteful in the sense that through the
deliberate removal and transplantation of produce, and by the involuntary
disturbance of the natural order in ways that can increase the rate of loss,
nutrients are removed from the soil and are not replaced. Sooner or later it
is inevitable that such a system must Jead to either temporary or permanent
reductions in soil fertility. Problems of this nature are much more acute in
the tropics than elsewhere, because in the warm climate, especially where it is
combined with long periods of high humidity, the chemical and biological
processes take place very rapidly. The higher the loss of nutrients through
leaching, the more easily are the structural properties of the soil destroyed.

Farmers in almost 2ll kinds of situation pay some attention to the problems
of soil fertility. Under some conditions, indeed, the problem can become such
a major preoccupation that whole farming systems and practices are sub-
stantially modified to balance the conflicting and imperative short-term needs
of maintaining both production and residual fertility levels. Generally,
however, the kinds of measure that can be adopted to protect soil fertility
and prevent erosion require a great deal of labour for their construction and
development. Obviously, this can impede their progress.

2.2.2. Coping with risk and uncertainty

Additional major farm-management problems derive from the high levels
of production risk and uncertainty that surround agricultural production in
the tropics, especially at low levels of technology. In smallholder farming, the
objective of every household, whzther commercialized or not, is to produce
most of the basic food and other natural-product needs of the family. It is
therefore essential that a minimun amount of food of different kinds should
be available throughout the year. In mecting this objective, farmers have not
only to consider the production risks that may arise from climatic variation
and the effects of pests and diseases; they have to allow also for the effect of
these same influences on stored produce, where destruction and deterioration
can be very rapid.

The particularly dramatic nature of variations of thiskind that are associated
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vith tropical production causes farmers to adopt a number of devices to
pread their risks and ensure a constant supply of produce, which, because
»f consumer preference, must be as fresh as possible. Diversification of pro-
fuction, so as to grow a range of crops, is a typical risk-spreading device
‘ollowed by farmers the world over. The planting of a particular crop at
different times over an extended planting period, which will allow some pro-
duce to be obtaincd in either an early or a late season, whichever should
occur, and the combination of different species in crop mixtures are both
practices with an clement of risk-avoidance in their adoption.

From the point of view of farm operation and resource allocation, the
need to provide for a minimal production in the very worst possible season
can lead to an apparent misallocation of resources, in that the target levels
of production for a particular commodity may, in a normal or good year,
be such as to provide a surplus, which will not always find a market. At the
same time, some crops may be grown that are not really the best for a particu-
lar production situation. Thus, to overcome the risk problem, farmers may
need to employ more resources for subsistence production than would
normally be necessary, and they may be obliged to grow for themselves soine
products for which their land or skills are not well adapted.

2.2.3. Low labour productivity

Closely related to the problems just referred to is the low productivity of
agricultural labour in the tropics, whether measured in hours per available
worker, or by the physical performance per hour of work, or by the return
per hour of work. In the majority of situations, even where land is limited in
supply and advanced material inputs like mineral fertilizer and pesticides are
not used, the most critical farming input is the labour of the farmer and his
family. Most of the work that they have to do is both tedious and strenuous,
so not surprisingly farmers show a marked preference for leisure: this has
often been demorstrated by the extent to which hired workers are employed
to replace them cnce incomes have exceeded very modest levels. Often, how-
ever, despite the use of seasonal labeur, farmers are severely limited in their
scope for increasing output by making higher labour inputs, through the
shortness of the growing season during which useful farm work can be done,
the low levels of technology at which they typically operate, and the heavy
demands in both time and effort that domestic duties make upon certain
members of the houschold.

Where, as very often is the case, labour is the main variable input into
farming, its availability can be the limiting factor to production, especially
at certain critical times of the year. Consequently farmers seek—and usually
quickly take up—new crops, production methods, and product combinations
that offer higher returns to labour and are also acceptably free from risks. It
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is, therefore, those processes that offer higher returns on labour that many
farmers actively seek, and the development of small-scale production must
largcly depend on the discovery and adaptation of practices that will sub-
stantially improve returns on work. From the farmer’s point of view, labour
productivity and work rationalization are considerations of great importance.

2.2.4. The problem of seasonality

Farm operation and labour productivity are further hindered by the acute
seasonality of many climates, in which wide differences exist between the wet
and dry seasons, or seasons with and without irrigation water. Where the
water is available in only a few months, all of the crop work needs to be
carried out very quickly, beginning often only when the rain softens the soil,
and continuing with cultivation, planting, and weeding for as long as crop
growth is possible. The urgent need for high labour inputs at this time coin-
cides often with the period when fresh food supplies are most scarce, and low
nutritional levels inhibit workers and draught animals from making as great
exertions as they might wish. Certainly this season contrasts strongly with the
other months, in which little work to assist crop production can be carried
out, and harvesting and maintenance may be the main activities. At such
times, a lot of labour cannot find productive work.

Similar problems arise in livestock management. During the rainy season,
fodder is abundant and of high quality, and animals can grow, produce milk
and other products, recover condition and health, and are capable of sus-
tained work. In the dry weather, the grazing deteriorates. Animals may lose
condition, whilst their productivity declines, often to nil, as lactating animals
dry off.

One consequence of the shortness of the cropping season, and the low
productivity of manual and animal power at this time, is that the mechaniza-
tion of cropping can bring high returns, if propeily managed. Usually,
where they can be kept, draught animals can bring ar. improvement over
manual labour. Draught animals, however, suffer in conditions of high
humidity and heat and the accompanying diseases. They alco find it much
more difficult than tractors to cope with rapidly hardening soils. The greater
speed with which operations can be performed by tractors, and the fact that
they can work at times of the year when soil conditions prevent hand workers
or draught animals from carrying out such tasks as cultivation are of crucial
importance to the volume of praduction where the best use must be made of
a small amount of rain. It must not be assumed from this that the use of
tractors in the tropics is always more practicable than use of the hand hoe or
draught animals, but ‘n the context of farm-management characteristics it i
important to note that the physical rate of substitution of traction animals by
tractors is comparatively high.
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2.3. The dynamics of tropical farming

Despite the difficulties of the natural environment, and the limitations that
arise from unfavourable price relations, unstable markets, and the traditional
socio-institutional conditions of agricultural production in low-income
countries, tropical farming, which is mainly smallholder farming, is a
dynamic business, in which small but numerous adjustments are continually
being made te the production processes.! Tropical farmers are experienced
in adapting their systems and methods of production to different circum-
stances, albeit slowly and with only a limited success in making major tech-
nical discoveries. In the following chapters of this book, seven basically
different, main types of farming system are considered, and traditional pro-
ducers are important in each of them. In every situation, the dominant im-
portance of the three major problems of fertility, uncertainty, and labour
productivity is highlighted, together with a consideration of the ways in
which technological and institutional changes can be made so as to overcome
these basic preblems. This indicates how production can be transformed from
its traditional pattern to a mor» productive and beneficial level. That sub-
stantial changes can be brought about through the application of modern
technology has been shown countless times. This possibility should not mask
the fact that innovation and change, however slow, are normal features of
traditional farming. Without a continuous series of small adjustments, these
diverse and often well-adapted farming systems could never have been de-
vised. The application of modern technology will generally involve the
hastening of processes that were already taking place, permitting increased
realization of the astonishingly high levels of production that are possible in
tropical arsas under optimal conditions.

! The information on economic and socio-institutional conditions of production is
deliberately kept short throughout this book (see p. v).



3. Shifting cultivation systems

3.1. Definition

SHIFTING cultivation is the name we use for agricultural systems that involve
an alternation between cropping for a few years on selected and cleared plots
and a lengthy period when the soil is rested. Cultivation consequently shifts
within an area that is otherwise covered by natural vegetation. The intensity
of shifting cultivation varies widely. A relatively simple and appropriate
criterion of land-use intensity is the relation between the period of cultivation
and the period of fallow (sec §1.2.2).

The shorter the time between the cultivation periods, or the greater ths
annually cultivated area in relation to the total area, the more stationary does
farming become. In the course of this development, short-fallow systems
replace long-fallow systems. If the characteristic R is more than 30, i.e. if
30 per cent of the arable and temporarily used land is cultivated annually,
we no longer speak of shifting cultivation but of semi-permanent farming.

3.2. Types of shifting cultivation and their
geographical distribution

Table 3.1 shows that shifting cultivation is practised principally in rain-
forest climates and in thinly populated savannas, It is found, however, in all
climates and in very varied economic conditions. It was the elementary and
pioneering cropping system used by the early agricultural occupants of many
forested regions all over the world. Shifting cultivation is today practised by
peoples in the interior of New Guinea just coming out of the Stone Age, and
also by a large number of partly commercialized farmers in Asia, Africa, and
Latin America. There are, however, few pure subsistence holdings, even
among the shifting cultivators. In most cases supplementary cash cropping is
practised. Shifting cultivation is often a technology of exvediency, used
because it will work better under a given set of conditiors than will any other
system available to the practitioner (Spencer 1966, p. 2). In other cases it is a
land-use system which may belong to the past but is still carried on because
the transition to more productive land-use systems demands more favourable
price relations, knowledge, capital, and time,

The forms assumed by shifting cultivation are more varied than in practic-
ally any other land-use system. It is therefore useful to consider it in relation
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to several criteria: here a distinction is made between vegetation systems,
migration systems, rotation systems, clearance systems, cropping systems,
and tool systems,

3.2.1. Vegetation systems

We may distinguish on the basis of vegetation between the shifting cultiva-
tion of the forest, of the bush savannas, and of the grassland areas. Shifting
cultivation in the rainforests is typical of rain-fed farming in humid areas of
low population density. Rotations with bush fallowing predominate in the
African savannas. Alternation between cuitivation and wild grass vegetation
is found in some tropical high-altitude areas, in semi-dry climates, and not
least where the reduction of the fallow period has led to the growth, while
the ground is resting, of largely useless grasses (frequently Imperata species)
instead of bush fororest,

Spencer’s classification (1966, p. 181) goes even further. He distinguishes
between shifting cultivation in (1) virgin forests, (2) mature regenerated
forests, frequently called secondary forests, (3) immature regenerated forests,
(4) scrub tree growth, and (5) grassland.

3.2.2. Migration systems

The continual movement of cropping results, in most systems with shifting
cultivation, in a slow migration of the population. The cultivated plots move
slowly away from the previous clearing and the vicinity of the hut. At the
same time the cost of transporting the harvest increases, especially where root
crops are grown. At a certain distance, it becomes advantageous to build a
new hut near the field instead of carrying the harvest such a long way.

Shifting of plots is made easier by the very nature of tropical housing; it is
often more economic to build a new hut than to repair an old one. The
frequency of hut changing varies greatly. In the rainforest, in some cases, a
change occurs every two or three years: in the savanna less frequently,
sometimes only once every one or two decades.

Allan (1967, p. 4) describes the process in central Africa as follows:

A village or other group within such a concentration will use up the accessible
land in its neighbourhood before the area first cultivated has had time to regene-
rate and a move must then be made to regencrated land . . . A series of pictures
or aerial photographs made at suitable intervals would show a gradual movement
of the larger community across the countryside in a manner suggestive of the
progress of an amoeba on a microscope slide.

By the direction of the migration we can distinguish, according to Spencer
(1966, p. 177), between (1) random shifts, (2) linear shifts onto newly cleared
adjoining lands, which result in the steady and progressive clearing of mature
forests, (3) cyclic shifts within a given area claimed by the group or fomily,

3



TABLE 3.1

The length of the crop and fallow periods under shifting cultivation

Rain Period in years Typical
Place (mm per year) Crops Fallow Normal Excessive value Remarks
pery Crop Fallow Crop Fallow for R
Mcist evergreen forest zone
Sarawak About 3860 Hill rice Forest 1 >12 2 12 7  Early abandonment of land neces-
sary to prevent invasion of
Imperata
Guatemala 3400 Maize Forest 1 >4 20 ‘Ando’ type soil
Liberia 20004500 Rice, manioc Forest 1-2 8-15 11
Sierra Leone 2300-3300 Ricr;, manioc Forest 11 8 13 5 12 Grasses (especially Chasmopodium
Spp-) invade with excessive cultiva-
tion
Assam 2500 Rice-millet, Forest 2 10-12 2 <7 15
maize, rice
Sumatra About 2300 Rice, root Forest 2 10-16 13 Imperata invades, but may give
crops place to forest
Philippines 2508 Rice, root  Forest 24 8-10 25
crops, maize
Nigeria
(a) Umuahia About 2300 Yams, maize, Acioa barteri 1} 4-7 13 2-2% 21  Loam derived from tertiary sands
marnioc and clays; stumps of fallow care-
fully preserved
(b) Alayi About 2300 Yams, maize, Macrobolobium 1 7 18  Very loose sandy soil
manioc .
Central Congo 1860 Rice, maize, Forest 2-3 1015

manioc



West Africa

North Burma

West Nile, Uganda

Abcokuta, Nigeria

llesha, Nigeria
Central Uganda
Ivory Coast
Northern Rhodesia

Ivo.y Coast
Uganda
Northern Ghana
French Sudan

Northern Rhodesia

1500-2000

1300-1800
1400

About 1300

About 1300
About 1300
About 1300
About 1300

1200
About 1100
About 1100

1000-1300

About 1000

Maize,
manioc

Hill rice
Eleusine,

sorghum,
simsim, maize

Moist semi-deciduous and dry forest zone
(including humid zone of derived savanna)

Moist semi- 24 €-12

deciduous

forest

Grassland and

pine forest

Grass, mainly 2-3 815

Setaria spp.

Thicket

Thicket 2 6-7

Elephant grass 3 8

Elephant grass 3 3

Thicket 612  6-12
Savanna zone

Imperata 2-3 6-10

Andropogoneae 1 23

Andropogoneae 34 7-10

Short bunch 3 12-15

grass

Miombo 2 upto2s

woodland

2-3

10

4-5

4-6
<2

25

33
18

30

24
27
50~
50~

24
28
29
18

7

Kochin Hills area at about 2000 m

Refers to *outside’ fields
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and (4) reduced < ;ziic shifts, brought about by increasing population densi-
ties, which might finzlly lead to sedentary living,

3.2.3. Rotation systems

Shifting farming is practised not only by migrating cultivators but also by
scdentary cultivators. In each case, however, cropping and fallowing alternate,
and this alternation can have an irregular or regular character. In the case of
a regular sequence, a definite number of fallow years follows a definite num-
ber of years of cultivation. A further distinguishing characteristic of the rota-
tional pattern is whether land is selected for use in small piots (where, for
example, cultivation is restricted to termite mounds, moist valley bottoms,
etc.) or whether continuous tracts of land are cultivated.

The rotation systems in rainforest agriculture are mostly simple. Two to
four years of cultivation are followed by one to three decades of fallowing.
Miracle (1967) calls such patterns ‘classical long-fallow systems’. In the
savannas of Africa, on the other hand, we often find complicated rotation
systems in which short-term fallow periods of 1-2 years, medium-term
fallow periods of 3-35 years, and long-term fallow periods of 6 years or more
alternate in a single cycle of land use. These combinations of classical, long-
fallow systems and short-fallow systems also predominate in semi-permanent
farming. The shcrt-term fallow periods can usually be attributed to unexpec-
ted lack of labour during the cultivation period, whereas increasing weed
growth and decreasing fertility lead to medium-term and long-term fallow
periods (see §4.3.2).

An example will illustrate this type of situation. In the Kilombero Valley,
Tanzania, where shifting cultivation of rice is pursued in anarea where
elephant grass dominates the natural vegetation (Baum 1968, pp. 32-4), the
following rotation systems have evolved according to the settlement density:

1. Rotation Cycle of 45 Years

When there is an abundance of land, cultivation takes place within two rota-
tions, one shorter and one longer. As a rule, the shorter rotation runs as follows:

3 years of rice-growing (with one annual harvest)
3 years of grass-fallow.

Several families put their rice plots together into a block, in order to obtain
better protection against vermin, They alternate between two blocks, one carrying
rice, the other one lying fallow for about 15 years, Thereafter, the families move
into a neighbouring urea where the ‘short rotation’ is likewise practised. In a
few out of the way parts of the inner valiey, families even move into a third area.
Then they move back to the first area, which has then lain fallow for 30 years.

The short rotation of § years is thus supplemented by the long rotation over a
period of 45 years, This results in a total R value of 17, i.e. 17 per cent of the
cultivated land is used annually [see Fig. 3.1, part I]. The total area composed
of the three zones farmed by the families is occupied by these families in accord-
ance with traditional land rights. Immigrants may not settle there without
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permission. As a rule, the household members know their plots in each of the
three areas and cultivate them in regular cycles,

Il and IIL. Roration Cycle of 30 Years

When there is not enough land available for the families to move between
three areas, the ‘long rotation’ is limited to two aress, The families live in each

[ ]
7/
Jyears !allog R
Jyears cropping

Fields

Fia. 3.1. Rotations of shifting cultivators in the Kilombero Valley, Tanzania,
I = short rotation: 3 years cropping, 3 years fallow
long rotation: 15 years occupation, 30 years unoccupied
total duration of rotation c rcle: 45 years, frequent changing of huts
II = total duration of rotation: 30 years, semi-stntionary housing
III = :owal duration of rotztion: 30 years, stationary housing
IV = short rotation only: 3 years cropping, 3 years fallow

one for 15 years and rotate 2-3 years of rice with 2-3 years of fallow. This results
' a total R value of 25, i.e. 25 per cent of the occupied land is cultivated per

annum in contrast to |7 per cent of the land with three cropping areas [see Fig,
3.1, part n),
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Fig. 3.1, part I1I represents a modification of this type of shifting cultivation
in view of a higher degrec of stationariness. The settlers have a pzrmanent
dwelling-place, as, for example, near the road. The fields, however, are still
rotated in 15 year cycles, i.e. the land on one side of the settlement is used for
15 years, alternating 3 years of cultivation and 3 years of fallow. Subsequently
the fields on the other side of the settlement are cultivated.

IV. Semi-permanent Farming

The growing population density is conducive to the ‘long rotations® being
abandoned. Where land becomes increasingly scarce, two to three years of
cultivation are followed by the same number of fallow years. The dwelling-place
is permanent, either next to the road or in some other favourable location. Fixed
and recognized boundaries are established for holdings and fields. Permanent
and generally acknowledged rights of use are derived from the traditional land
laws. The typical value for this intensity of land use is R = 50, which results
when the years of cultivation are followed by the same number of fallow
years.

3.2.4. Clearance systems

The type of clearance work and the order it takes vary according to the
vegetation that is to be cleared, the distribution of rainfall, the crops
grown, the available tools, and the cultural background of the population.
Following Miracle (1967, pp. 41-7), we classify the forms clearance takes as
follows:

(a) Burn and plant. One of the simplest forms merely involves burning off
a thick and dry secondary vegetation. Immediately after burning, maize is
planted, and matures before the secondary vegetation has recovered from the
burning sufficiently to produce brushwood and leaves. Cook (1921) describes
shifting cultivation of this kind in his 'Milpa agriculture’ in Central America.

(b) Burn, hoe and cut, plant. The burn, hoe and cut, plant system is reported
only in savanna areas, where fire effectively eliminates most of the vegetation.
Cutting is limited to the remaining trees and bushes. Except for the reversal
of the burning and hoeing operations, this method of agriculture is much like
the cut, burn, plant system.

(c) Cut, burn, plant. The cut, burn, plant method of agriculture is the most
common one reported. Typically, vegetation is cut-—usually towards the end
of the dry season—allowed to dry for a while, and then is burnt as the rainy
season approaches and the soil must be prepared for planting.

The cut, burn, plant method is divided by Miracle into ten major sub-
divisions, according to the amount of cutting and burning done and whether
further cultivation operatiuns are employed.

(d) Cut, plant, burn. The cut, plant, burn technique is the only system in
which the vegetation residue left in the fields is burned after crops are grow-
ing, and is reported only in forest areas, or areas near the forest belt which
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would possibly still be forest except for the activities of man. Usually the
crop occupying the field when it is fired is bananas, plantain, or manioc. In
such systems, clearing is often done over a relatively long period, and crops
are planted as soon as the smaller vegetation has been cut. By the time all
trees to be removed have been felled, the planted crops have established
themselves, and the field is given a burning, which apparently inflicts little or
no damage upon the growing crops.

(e) Cut, bury refuse in mounds, plant. Various sorts of composting opera-
tions are reported as an integral part of field preparation in some of the
southern African savannas. After vegetation is cut, it is buried in mounds in
the field, or perhaps the debris is first burnt and the ashes are buried. In other
cases, the debris is buried in mounds and then ignited, possibly because of
the beneficial effect of heat on soil fertility (see Nye and Greenland 1961,

. 7).
P (f) Cut, add extra wood, burn, plant, hoe. The cut, add extra wood, burn
plant, hoe method, generally referred to as chitemene in Zambia, involves
cutting bush from a greater area than is to be planted, in order to obtain a
hotter fire and a large amount of ash on the land that is to be sown. Among
the tribes practising chitemene, the amount of land cleared may be from
five to twenty times as much as that cultivated, and the cut debris may be
piled in one area forming a large circle or distributed into two or more smaller
circles.

() Cut, wai: one season, plant ( forest). Several tribes in the Congo Basin
partially cut vegetation, plant bananas, and then wait a season before com-
pleting the clearing operations and planting other crops among the established
bananas.

(h) Killing trees by ringing, ridging, planting. This series of operations,
additional to those mentioned by Miracle, is practised in the dry forests of
southern Tanzania. Ringing replaces clearance work. When the trees have
lost their leaves the light can reach the ground, and the leaves that have
fallen off and vegetation on the ground are dug into the ridges. The trees are
never felled; they are left as dead, standing timber.

Shifting systems may also be classified according to how complete the
removal of the vegetation has been (Spencer 1966, p. 181). Occasionally the
farmers restrict themselves to ringing or creating clearings by felling some
trees. If fire does not consume the trunks and the larger branches, these are
left lying on the ground, and cultivation is carried on among the debris. In
other cases, however, the vegetation is thoroughly burnt off, and in some
cases a second fire may be necessary. Differences in clearing technique appear
to be fairly well explained by variations in ecological conditions. The simplest
and least intensive techniques are found in the humid forest belt. The number
of operations and amount of labour required are greater in the savanna areas
(Miracle 1967, p. 159).
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3.2.5. Cropping systems

Shifting cultivation is almost exclusively carried on as farming with annual
and biennial crops. In humid climates we find above all rice economies or
root-crop economies where the enxphasis is on manioc, sweet potatoes, yams,
and taro. Widespread, and extending into the drier climates of the savannas,
are maize and millet economies. In between are numerous mixed econiomies,
which are based on root crops as well as grain crops. There is ample evidence
to show that shifting cultivators are not static or traditionally fixed in their
cropping patterns (Miracle 1967; Baum 1968; Spencer 1966). Most of the
crops or varieties grown by African shifting cultivators have been introduced
in the last 300 years by traders, settlers, and administrators. According to
Spencer (1966, p. 169), a change from vegetative cropping with root crops to
grain cropping with rice can be observed in Asia. Where shifting cultivation
is practised by sedentary farmers with permanent homesteads, complementary
activities are usually to be found: the growing of fruit trees, a permanent
garden, plots with irrigated rice, a fish-pond.

3.2.6. Tool systems

Shifting cultivation in the rainforest is still occasionally practised without
cultivation implements; after burning off, seed is sown in the ashes. The axe
and the matchet are the main tools. Where the ground is prepared, as is
usually the case, tools for cultivation are required. Following the suggestion
of Spencer (1966, p. 131), we can distinguish between digging-stick systems,
hoe systems, and plough systems. Digging-stick systems are found in the
humid rainforests. Hoe systems predominate in the savannas, particularly
where the cultivation period stretches over several years, since in these cir-
cumstances soil cultivation and hoeing of weeds are necessary. The plough
system can be employed only in shifting cultivation where an unused grass
vegetation grows in the fallow periods.

3.3. General characteristics of shifting systems

The various shifting systems, from one continent to the next, are character-
ized by some common organizational features. The relative importance of
these features changes according to the local land conditions, but they are
recognizable as tendencies in almost all cases. Of special interest in this respect
are the spatial organization of cropping, the cropping principles, and the
organization of the fertilizer economy, of animal husbandry, and of the
labour economy.

3.3.1. The spatial organization of cropping

The farmer with a stationary home and land that is permanently cropped
tries to create favourable growing conditions for his crops; that is, he tries
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to control nature. Shifting cultivators, on the other hand, are usually highly
skilled at adapting their cropping practices to the environment in which they
are working. Four aspects of adaptation are important:

(I) The choice of the lot of land to be cultivated. The main determining
factors are soil fertility, the effort of clearing the vegetation, the ameunt of
weed growth, the danger of vermin, and location in relation to the road
and a source of water. On fertile soils, a smaller plot is more able to cover
food needs than on poor soils. Fertile soils, however, are by no means
preferred in all cases. Expenditure of labour per unit of production is a
much more decisive factor. If, with the same effort, three times as much
poor land as good land can be cleared and cultivated, even with only half
the yield per unit, there is still a net gain (Allan 1967, p. 94).

(2) The choice of crops.

(3) The organization of cropping in mixed cropping, phased planting, and
crop rotations,

(4) The arrangement of short-term, middle-term, and long-term fallows.

The decisive factor in balancing these requirements is in most cases the very
precise knowledge of soils and plants held by the shifting cultivators. Allan
(1967, p. 5) writes on this subject, about central Africa:

The “shifting’ cultivator has an understanding of his environment suited to his
needs. He can rate the fertility of a piece of land and its suitability for one or other
of his crops by the vegetation which covers it and by the physical characteristics
of the soil; and he can assess the 'staying power’ of a soil, the number of seasons
for which it can be cropped with satisfactory results, and the number of seasons
for which it must be rested before such resuits can be obtained again. His indica-
tor of initial fertility is the climax vegetation and his index of returning fertility
is the succession of vegetational phases that follows cultivation. In many cases
his knowledge is precise and remarkably complete. He has a vocabulary of
hundreds of names of trees, grasses, and other plants and he identifies particular
vegetation associations by specific terms. This fund of ccological knowledge is
the basis of *shifting’ culfivation,

Conklin (1957) tells us the same about the rainforest in the Philippines,
where the Hanunéo of Mindoro distinguish more than 1600 different plant
types, which is a finer classification than that employed by systematic botan-
ists, and includes the astounding number of 430 cultivated species. Conklin's
vivid description of what a Hanunéo swidden in full swing looks like (pp.
18-19) gives an excellent picture of the degree to which this agriculture apes
the generalized diversity of the jungle that it temporarily replaces:

Hanunéo agriculture emphasises the intercropping of many types of domesticated
plants. During the late rice-growing seasons, a cross-section view of a new [plot]
illustrates the complexity of this type of swidden cropping (which contrasts
remarkably with the type of field cropping more familiar to temperate zone
farmers). At the sides and against the swidden fences there is found an association
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dominated by low-climbing or sprawling legumes (asparagus beans, sieva beans,
hyacinth beans, string beans and cowpeas). As one goes out into the center of
the swidden, one passes through an association dominated by ripening grain
crops, but also including numerous maturing root crops, shrub legumes and tree
crops. Poleclimbing yam vines, heart-shaped taro leaves, ground-hugging sweet
potato vines, and st:zublike manioc stems are the only visible signs of the large
store of starch staples which is building up underground, while the grain crops
fruit a metre or so above the swidden floor before giving way to the more widely-
spaced and less-rapidly maturing tree crops.

Besides the systematic adaptation to variations of soil within a plot des-
cribed by Conklin, we find in most shifting systems that cultivation is often
different on those plots that are especially suited to individual crops. Miracle
(1957, p. 13) describes this type of cultivation cutside the rotation systems on
the main piots:

Cultivated fruits, vegetables, rice, yams, taro, condiments and tobacco are out-
side the crop sequences and each of these are in a small environment especially
favourable to them. Oil-seed, watermelons, tomatoes, mock tomatoes (Solanum
spp.,» grown only for their leaves), roselle, egg plant, red pepper, mangoes, and
papayas are grown in the courtyard where they are free from weeds and fertilized
by ash and refuse. Bananas are grown on small mounds; and okra, yams, peanuts
(as a vegetable), and various vegetables are grown on broken ridges in the court.
yard. Rice, bananas, taro, sesame .1s a vegetable), maize and others are grown
on old refuse heaps. Moist, shady spots under the kitchen eaves are used as
tobaczo nurseries. Ash accumulations found outside the courtyard, especially
those resulting from the burning of stumps during the clearing of a field, are used
for tobacco and various vegetables. At the base of trees that have been killed,
climbing varieties of cowpeas, lima beans, and oil-seed gourds plus bottle gourds
and calabashes, are planted. Living trees are used to support yam. Uninhabited
termi’e mounds are flattened and planted with white sorghum, rice and cowpe as

The attempt to combine cash cropping with a regular supply of foods for
household use leads, in most shifting systems, to diversified production units.
A shifting holding usually consists of a number of distinct components:

(1) The dwelling-place consists of the huts and the surrounding yard. The
materials used in constructing the huts depend on the degree of permanency
in housing. If the hut is to be used for less than about six years, then wood
and grass are used. If it is to be used for more than six years, then clay is
the main building material. Farmers who expect to live permanently ina
given place usually endeavour to build stone houses.

(2) Usually a garden plot near the dwellings is cultivated with vegetables,
gourds, bananas, etc., as long as the family lives in one place. The longer
the family Jives in one place, the greater is the number of fruit trees grown
near the yard.

(3) The differentiation of production on the outlying fields ensures that
each is cultivated with the crop best suited to it, partly by mixed cropping
and rotations, and partly by having several plots on different soils.
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(4) In addition to cropping, shifting cultivators gather ‘wild’ products
from the surrounding fallow. These are usually not truly wild plants, but
the remains of domestic plants within a ‘tumbledown’ fallow.

(5) If the farmers live in permanent dwellings, or move only within a
limited area, the shifting cultivation is generally supplemented by other
major food-producing activities, including planting of tree crops, perma-
nent gardens, permanent irrigation fields, and fish-ponds.

Two long lines  'Protected’ Oil- Permanent forest
of huts on either Vegetable = on crests of
side of atrack _ Pateh. & hills
—n on gourds, § Belt of ~fQ
[l stomatoes] bananas T | )
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Fia. 3.2, Diagrammatic cross-section of Pene Niolo, Congo-Kinshasa, and its vicinity
(1949) (from Dumont 1966, p. 28).

An example of land use in shifting holdings is shown in Fig. 3.2, A cross-
section of Pene Niolo, Congo-Kinshasa, and its vicinitv shows a typical
catena: huts on the ridge, vegetable gardens close to t: ° ut, some bananas
and oil-palms near to the garden, field crops and forest fallows on the slope,
and some continuous cropping on the alluvial soils in the valley bottom.
The oil-palms on the opposite slope indicate that cash cropping with perma-
nent crops is practised in addition to the production of field crops mainly for
subsistence needs. Cultivators in Pene Niolo have at the same time become
sedentary, so that any change of dwelling-place is limited to moving from
one ridge to the other.

3.3.2. Cropping principles

The adaptability of shifting systems is closely related to three principles
of cultivation, which are linked in various ways. These are: mixed cropping,
phased planting, and crop rotations, i.e. alternating crop mixtures which are
regarded by de Schlippe (1956) as pseudo-rotations. The three principles of
cultivation also apply in the semi-permanent or permanent farming of
indigenous cultivators, but not in anything like as much variety as is found
in shifting systems, which are stimulated by the need to adapt.

(a) Mixed cropping. Mixed cropping, i.e. the simultaneous growth of two
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or more useful plants on the same plot, is an important characteristic of
shifting cultivation.! The technique of row cultivation is only rarely applied:
the plot is usually uneven, and tree stumps, roots, termite mounds, and low
areas with poor drainage would interfere with the rows. A worthwhile labour
economy is not achieved, since the farmers in any case rarely work with
equipment drawn by animals. Row cultivation, moreover, would not allow
the mixture of plants grown on each piece of land to be adapted to the chang-
ing soil conditions. In shifting cultivation, therefore, we find predominantly
mixed cropping, which is not organized with the help of a formal principle,
but is based on the best possible adaptation te the surface condition.
Mixed cropping has a number of advantages:

(1) It reduces susceptibility to disease and pests, and therefore reduces the
yield risk.

(2) It allows the adaptation of planting to changing soil conditions. Thus,
for example, diferent crops are grown where there is much ash left after
fire clearance from those where there is no ash. The plants grown close
round a tree stump differ from those where no stumps are left.

(3) It allows cultivation to be adapted to the light and shade requirements
of individual crops. Both vertical and horizontal variations of cultivation
are facilitated. Thus, for example, medium-height manioc plants grow
under bananas, and on the ground pumpkins or beans are found.

(4) In smallholder farming, a varied food supply is usually sought. Over
and above this, the household relies on a continuous supply of fresh food,
since there are insufficient storage facilities and the storage losses are high.
Both aims naturally lead to phased planting and mixed cropping. Table
3.2 shows, with an example of the consumption of a shifting cultivator’s
family, the variety of products that a tropical smallholding produces,
and the frequency of consumption, which should coincide where possible
with the harvest, because of the limited storage facilities.

(5) A further advantage of mixed cropping, which it shares with phased
planting, is the soil cover provided. Where there is a vertical arrangement,
the rain, for example, falls from the bananas onto the manioc and then
onto the beans, and only then does it reach the soil. Mixed cropping may

! Some important definitions:

Mixed cropping: two or more crops grown simultaneously and intermingled; no row
cultivation.

Intesplanting: long-term annual or biennial crops interplanted with short-term annual
crops during the early stages of plant development,

Intercropping: two or more crops grown simultancously in alternate rows in the same
ground.

Interculture: arable crops grown under perennial crops.

Relay-planting: the maturing annual crop interplanted with seedlings or seeds of the
following crop.
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TABLE 3.2

Consumption chart of a shifting cultivator's Jamily in Manhaua,

Mozambique

29

Product I 2 3 4 5

Month

6

7

8

9

10

12

Crops produced by the family
(1) Staple foods containing starch
Manioc X X
Maize in milk-ripeness X X
Maize as ripe corn X
Rice
Sweet potatoes
Sorghum
Sorghum-corn (ecununga)
Sorghum-cane (maele)
(2) Staple foods containing protein
Beans (boer boer)
Beans (jugo)
Beans (manteiga)
Green beans (boer boer)
Green beans (nyemba) X
Green beans (jugo) X X
Manioc leaves X X X X X
Sweet potato leaves
Bean leaves of all kinds X X X X
(3) Additional foods and spices
Onions
Tomatoes X
Gherkins X
Egg-plant (2 kinds)
Quiabo (Hibiscus esculentus) X
Groundnuts X
Sugar-cane X
Pumpkins X x x
Sorghum-cane (ecununga) b
Collected food
(4) Staple foods (animal protein)
Grasshoppers X X x
Mice and other rodents
Caterpillars X X
Larvae of butterflies
(5) Additional foods
Fungi (9 kinds) X X
Wild fruits (7 kinds) X
Honey X X

X X X

X X X

X X X X

Source: Pbssinger (1967, p. 199),
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have the same protective effect, therefore, as the original forest or bush
vegetation.

By virtue of these advantages, mixed cropping often produces higher yields
than monocropping. Webster and Wilson (1967, p. 114), on the basis of
extensive field research, write the following:
In the majority of the above experiments more than one acre of crops in pure
stand was required to produce the yield of one acre of intercropping. Since the
amount of land that can be cultivated by farmers equipped with hand tools is
strictly limited, it scems unlikely that there would be any general advantage in
replacing the traditional practice of mixed cropping by rotations of pure-stand
crops, although in certain cases the latter might prove advantageous by reducing
the labour of harvesting, or by making it easier to control pests and diseases.
(b) Phased planting. 1t follows necessarily from inixed cropping that crops
cover the soil for varying lengths of time. The systeinatic arrangement of
planting dates means that cultivation is phased. The result of this again is a
continuous sequence of growth and heivesting. A number of benefits arise

from phased planting:
(1) The phasing of labour operations allows the work to be distributed
over a longer period.
(2) The combination of periodic planting and weeding may be labour
saving,
(3) Planting is not necessarily dependent on renewed soil cultivation.
(4) The risk of failure is distributed. The effects of weather variations are
counterbalanced, and pest damage is reduced.
(5) The phasing of harvests ensures a rcgular supply of food for the house-
hold and minimizes the storage losses. Over a period of several months, a
single plot may produce a steady stream of harvestable food, for example,
maize, beans, peas, and sweet potatoes.
(6) The ground is covered by growing plants for almost the whole year.
Consequently, the soil is protected from water and wind erosion.

(c) Rotations. Shifting cultivation with short-ierm cycles is rarely connected
with crop rotations. Usually one crop or a given mixture of crops is grown
for several years. However, when shifting cultivation is carried on with
cultivating periods lasting for several years, or even a decade, crop rotations
are evolved—a logical continuation of the tendencies that can already be seen
in phased cropping. De Schlippe (1956, p. 207) calls the change in the compo-
sition of mixed cropping pseudo-rotation, but as a rule it is a matter of care-
fully considered cropping sequences, which can justifiably be considered as
actual rotations. Amongst the great number of forms rotations take, several
important features can be observed:

(1) In the crop rotations of shifting cultivators, there is rarely a sequence
of monocropping. Usually, various mixed crops follow one another, with
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often only a gradual change in the composition of the mixture. Immediately
after clearing, crops that require more fertile soils are chiefly planted, like
yams in the rainforest, and cotton, maize, groundnuts, and sesame in the
savannas. As the cultivation period proceeds, crops that make little demand
on soil fertility are preferred. Biennial or semi-perennial crops like manioc
or bananas are frequently grown last of all, because these can survive
longer than other crops against the competing weed and bush, on account
of their height and the shade they create, before gradually disappearing in
the tumbledown fallow.

(2) Nearly 2very plot is different from the point of view of soil type, degree
of incline, and distance from the hut, and nearly every field is suited,
therefore, to a different crop rotation. The various crop sequences that
Richards (1961) found in the ficlds and gardens and on old hut sites of the
Bemba demonstrate this point (Fig. 3.3).

(3) It is rare for one rotation to be applied persistently on a big plot.
Division of the plot into several smaller sections is more typical. Each
small piece of land then supports a different sequence of crops or mixture
of crops. This again is clearly demonstrated in Fig. 3.3.

(4) In shifting systems, it is common for the same mixture of crop types
or the same crop to be grown on a suitabie plot for several consecutive
years. When the cultivation period increases, growing ‘at intervals’ some-
times arises, a system typical of the African savannas, when, for instance,
two to threz years of grain crops follow two to three years of cotton.

‘Much of the most effective human utilization of the natural habitat’,
writes Geertz (1963, p. 17), ‘consists of changing generalized communities
into more specialized ones . .." This tendency aiso can be seen in the shifting
cultivators’ farming principles. As land use becomes increasingly intensified
and commercial, organizational principles like monocropping and row culti-
vation are increasingly preferred to the various types of mixed cropping.
Agricultural developments and increasing land shortage gradually lead to
more systematic rotations and less varied cropping patterns. Only where
there is a high degree of intensity of agriculture, as for example in the irriga-
tion agriculture of Taiwan, do mixed cropping and phased cultivation again
become preferable, although under the new conditions of rigid organization
that occur when they are combined with row cultivation.

3.3.3. Characteristics of the fertilizer economy

(a) The regeneration of soil fertility in long-fallow systems. The various
features of the organization of cropping that are applied by shifting cultivators
aim primarily at an optimum use of the existing soil fertility. The basic
feature of shifting cultivation is the cost-free, effortless regeneration of soil
productivity during the fallow period, especially when the fallow consists of
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forest or bush vegetation, The damper and warmer the climate, and the
poorer the soils, the more rapidly the organic substances break down, and
the more rapidly the crop yields tend to sink. The first crops are comparatively
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Finger millet sorghum —— = sweet potatoas ~———e (a)
and manioc™
legumes —

; ; Y _» finger
Finger millet —= peanuts mil?et beans %fallow
manioc

Finger millet___,. peanuts sorghum ——e  (g)
and sorghum and self- sorghum/
propagated — o and self-
sorghum propagated
peanuts !
Gardens
sweet potatoes -—— sweet potatoes —etobacco and —— ———— (a)
pumpkins

sorghum and sorghum and

pumpkins pumpkins
/! \ fallow + sorghum {a)

Beans\ {one yaar )
sorghum and ————- sorghum and /
sweet potatoes sweet potatoe
maize and maize and maize and
sweet potatges * sweet potafoes = sweetpotatogs {b)
Manioc and ——————»manioc and manioc (a}
sweet potatoes sweet potatoes
Sweet potatoes ~— —sweet potatoes maize sweet potatoes — (c)
and maize

Old hut sites

. . tobacco
Maize and pumpkin$ ——————« maize and pumpkins<
sweet potatoes

{a) No information given on what follows.

{b) Maize and sweet potatoes planted year after year until soil is exhausted,
then sweet potatoes alone as the land crop.

(c) Maize and pumpkins sown so long as sail is fertile, then tobacco or sweet potatoes.

Fi1G, 3.3, Crop sequences of the Bemba, Rhodesia (Richards 1961; Miracle 1957, p. 110).

ample, but the harvests in the subsequent years become more and more
meagre. On unstable soils of the rainforest, for example, the third crop will
usually yield only half, or less than that, of the first. A drastic example of
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this is provided by Nye and Greenland (1961) (see Fig. 3.4). If further utiliza-
tion of the plot no longer promises to be rewarding, the shifting cultivator
allows it to lie fallow for a fairly long period, in the course of which the soil
fertility regenerates. Shifting cultivation thus aliows soils poor in nutrients
regularly to produce relatively high and certain yields in a climate in which
arable farming is always a difficult struggle against nature. This is usually
achieved without manure, terracing, or any other means of maintaining
fertility that involve a high expenditure of labour. If the fallow periods are
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Fic. 3.4. Decline in yields under prolonged cropping without fertilizer in tropical rainfcrest
areas (data from Nye and Greenland 1961, pp. 73-4).

long enough, this type of land-use system represents a balanced exploitation
of the resources available to farming.

The regeneration of soil fertility in the upper soil layers is largely due to the
effects of a forest or tree fallow. The deeper tree and scrub roots ensure that
nutrients are brought up from the subsoil. The fallen leaves enrich the surface,
and the minerals that the rain-water has leached down are brought up again.
Thus Beinaert (1941) established in the rainforest of the Congo (Yangambi)
that the supply of organic material in the form of leaves, twigs, etc., amounted
to 60 tons per hectare per year. Fallow vegetation covering the soil and the
comparatively cool temperatuzes of the covered soil facilitate the regeneration
of all that has been taken cut of the soil in the years of cultivation. The forest
and bush vegetation during the fallow period also protect the soil from erosion

4
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by heavy rainfall. In addition, the rapid evaporation from the fallow vegeta-
tion lessens, or even stops, the leaching process.

Provided the fallow periods are long enough, a slash and burn system
proves to be in no way harmful to the soil. In fact, the yields after a fallow
period with secondary forest are in some cases higher than those after the
first clearing. The smallness of the plots, the considerable shading of the soil
during the cultivation period that arises from mixed cropping and phased
planting, the presence of tree stumps in the field, and other factors mean in
addition that balanced shifting cultivation involves little risk of erosion
damage. Another advantage of field shifting is the fact that losses through
plant diseases remain comparatively slight.

(b) Fertilizer application in shifting systems. Since shifting cultivation is
associated with a low degree of commercialization, the export of crops over
and above the local sale of produce is not a major cause of the loss of nutrients.
There is, however, a movement of nutrients from the field to the dwelling-
piace, and therefore some change in the location of soil fertility. Secondly,
nutrients are lost during the years of cultivation because of washing out and
erosion. Particularly important is the loss of the nutrients that are washed
away together with the ashes.

The long-term fallow period is the most common method of regenerating
the fertility of soil. In addition, however, there are various forms of fertilizing:

(1) Utilization of hut refuse. The first step in the development of a fertilizer
economy consists usually of applying household refuse. It is normally
put where it can be useful to plant growth. Thus, for example, fertilization
of bananas near a hut with household refuse is common among shifting
cultivators.

(2) Establishment of gardens on old hut sides. A general practice when the
hut has been shifted is to use the old hut site in order to grow crops that
demand fertile soil. The movement of the huts means, in fact, that heavily
fertilized plots are systematically obtained. This applies particularly
where cattle are reared and kept overnight in a kraal near the hut. This
practice may be considered as the first step in the development of folding
systems (see §4.3.3).

(3) Green manuring and use of compost. Where ridge or mound cultiva-
tion is practised, it is common to clear the vegetation and to allow it to
dry before the soil is worked. It is then Jug right into the centre of the
ridge or the mound as a green manure. In the Porka system in Ghana, the
cleared vegetation is thrown on heaps and later used as compost (Mans-
hard 1968, p. 90).

(4) Working with pit systems. In the pit systems, and the hole system in
Tanzania, the fallow vegetation and weeds are collected in pits or in heaps.
These are covered with earth, cultivated, and dug over several times, In
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these shifting systems, the cropping period lasts for up to twelve years, and
is followed by a long-term fallow period.
(5) Working with heated mounds. With a number of African tribes, the
fallow vegetation is covered with earth and then set alight and charred,
which results in cultivation taking place on little mounds of carbon. One
assumes that the motive behind this practice is the change in yield caused
by heating the soil, which may convert nutrients into a more frecly available
form (Allan 1967, pp. 73—4; Brouwer 1965, p. 17; Miracle 1964, p. 84).
(6) Ashes as fertilizer. Where fire-clearance methods are used, ash in any
case serves as fertilizer. In some regions an ash concentration on small plots
is achieved with considerable labour cost. In the chitemene system, as
practised in some parts of Zambia and southern Tanzania, branches are
transported from the forests in the vicinit to the farmland, piled up a
metre thick, and burnt to increase the ash fertilizer. According to Allan
(1967, p. 86), for the cultivation of one hectare of finger millet tree ash
from 2-5 hectares has to be used. Millet is sown in the ash. This method
produces comparatively high and certain yields of 15 quintals per hectare
on very poor soils. The main disadvantage is the size of the area from
which the branches are taken. The forest requires fifteen to twenty years
to regenerate. For the annual cultivation of one hectare of finger millet, a
nutrient supply of 30-100 hectares of forest is required.

Rizhards (1961), reporting on the ash system practised by the Bemba,
writes:

Cut branches are trimmed enough so that they will lie fiat in a pile for burning,
and are laid in rows, cach man taking care to keep his branches separated from
those of his neighbours. Women later carry the branches to the plot to be culti-
vated and place them radially, with the smallest diameter to the centre. At the
time of Richards’s study, branches were cut from an area up to six times as large
as that to be planted. Pieces of wood are piled one on the other until the pile is
about 65 centimetres high, care being taken to keep the thickness of the pile
uniform. The Bemba are szid to often single out barren patches of a field as spots
where branches were not properly stacked before burning, The last task in piling
branches is to . 1tline the edge of the circle with small branches, in order to keep
the fire from spreading into the bush, and to provide an extra tnickness of ashes
at th~ edge for ~rowing gourds. (Taken from Miracle 1964, pp. 13-18.)

Whether, or to what extent, the yields of these systems are to be attri-
buted tc the effect of fertilizer or to the yield-promoting effect of heat is
4n open question:

It may be that this is the mechanism through which the heat of the chitemene
burn exercises its main effect, but there is as yet no direct proof. Whatever the
explanation, it seems clear that the ash-planting peoples, with no livestock and
only the simplest equipment, have devised an effective means of conferring a high
if transient fertility on soils of very low intrinsic value. (Allan 1967, p. 74.)
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(7) Application of mineral fertilizer. The use of mineral fertilizer in
shifting systems is rare, limited to those with a higher degrce of cash
cropping, Mineral fertilizer has been adopted especially where tobacco
and cotton are grown. The majority of shifiing systems do not involve the
importation of purchased nutrients. They dcpend on the nutrients present
in the soil. This is a precarious basis, and the main reason for the continual
movement of shifting cultivators.

3.3.4. Characteristics of animal husbandry

The kinds and extent of animal-rearing among shifting cultivators are as
varied as the forms of their plant cultivation. In the rainforests, the cultivators
have few domestic animals. Mostly there are a few goats, sheep, or chickens.
In south-east Asia and West Africa, pig-keeping is often practised. As a
supplement we find fishing and collecting caterpillars and other minor
-sources of animal food. In the humid African savanna, in whick there is often
plenty of grass for fodder, the tsetse fly has hitherto prevented cattle-rearing,
apart from in limited areas in West Africa and the Congo where tsctse-
resistant cattle breeds are kept. The situation is different in Latin America,
particularly in Brazil, where shifting cultivation and a large herd of cattle are
often cotnbined, and the cattle eat the grass on the cleared open spaces. In
the drier savannas, animal-rearing among the shifting cultivators is usually
on a large scale, and is closely connected with arable cropping. Under these
conditions slash and burn agriculture inay convert bush-covered land into
grazing. The aims and characteristics of cattle-rearing, as they are connected
with slash and burn agriculture, are discussed in more detail in Chapters 4
and 9.

3.3.5. Characteristics of the labour economy

Shifting cultivation is a system of production, almost without capital,
based on labour and the periodic consumption of soil fertility. Practically the
whole input consists of manual work. The operations of shifting cultivators
can conveniently be classified as follows:

(@) Clearance of wild vegetation. From the standpoint of the labour
economy, clearance is the most strenuous activity. Clearing is frequently, but
by no means in all cases, carried out within a system of fire-farming, Table 3.3
shows that the input into clearance varies widely (179-1450 hours per hectare)
according to the vegetation and the thoroughness of the clearing,

(b) Land preparation and planting. Immediately after burning, planting
can often be carried out witkout cultivating the soil. However, most shifting
cultivators do in fact disturb, loosen, and move small amounts of surface
soil as part of the operation of planting (Spencer 1966, p. 31). In the savanna,
or on grassland, or where cultivation lasts for several years, the soil has to be
thoroughly loosened, because it is usually much harder, but on the whole the
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shifting cultivator needs to prepare the soil comparatively little. He replaces,
as it were, cultivation with the hoe by clearance work with the axe and
matchet. Thorough deep-soil preparation with the hoe is less characteristic
of shifting cultivators than of semi-permanent cultivators.

(c) Weeding. The fallow suppresses the growth of weeds, and after fire
clearance the soil is often weed free. Many shifting systems manage, therefore,
with little weeding. Only as the period of cultivation increases does the effort
spent on hoeing and weeding increase. Scaring away birds may, however,
demand much time and may compete as an activity for children with going to
school.

(d) Harvest, transport of harvest, and processing. Together with clearing,
harvesting is the most labour-demanding task. This applies particularly to
root economies, in which the transportation of harvested produce—there are
usually no roads or carts—and the processing of the crop tend to be time
consuming, as for example with manioc.

TABLE 3.3

Labour input into land clearing in shifting systems (man-hours per hectare)

Borneo* Guatemala" Congo®¢ Congo® Congo*
Virgin  Secondary Milpa Rainforest  Savanna  Pennisetum
forest forest grassland
Slashing
and 293-326  147-80 276 312492 222 42
felling
Burning
and 32-82 32-82 151 174-958 702-883° 780°
clearing
Total 325-408  179-262 421 486-1450  924-1105 822

* Clearing for hill rice.

® Clearing for maize,

¢ Man-days for supervised work, assuming 6 hours per man-day.
¢ Careful clearing with two burnings.

* Including hoe cultivation: 450 hours per hectare.

Sources: Borneo, Freeman (1955, p.- 90); Guatemala, Tax (1963, p- 109); Congo
L.N.E.A.C. (1958, p. 17).

In addition, various other activities have to be considered. Tending live-
Stock may be very time consuming where shifting farming is practised by
people with a pasturalist background, and where men spend most of their
time with their cattle. Getting water often takes much of the wives’ time.
Visiting local markets is also very time consuming. Work in the fields usually
absorbs not more than half the working time. It is important in this connec-
tion to realize that the seasonality of labour demand in shifting systems is
usually less pronounced than in more intensive arable systems, Clearing,
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(j) manioc fallow,
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harvesting, and processing are the major time-consuming activities, and there
is more latitude for doing these chores than there is with cultivation or weeding.

In the traditional forms of shifting cultivation, the execution of the labour
operations is usnally governed by the customs of labour division. A number
of main types of labour division can be recognized:

(a) Division of labour with respect to different jobs. A clear division of
jobs between men and women is usually found wherever forest and bush
vegetation must be cleared. In fire-farming in the forest, clearing is the man’s
job, while planting, weeding—if done at all—and harvesting are carried out
by the women.

(b) Division of labour with respect to plots. Short-term cycles of cropping
and fallowing give rise to a fallow vegetation consisting of grass and bush.
The input for clearing is comparatively low. Consequently, work is divided
between men and women in terms of areas. Both men and women tend to
cultivate their own plots. Men do most of the heavy work (clearing) and the
women perform the tasks requiring more dexterity (weeding, harvesting).
Fig. 3.5 is taken from de Schlippe’s book (1956) about the Zande, who live
on the borders of the Sudan and the Congo. It provides an example of the
distribution of plots to the members of the family.

(¢) Division of labour with respect to specific crops. When larger plots are
planted with cash crops, then the women are usually responsible for cultivat-
ing the food crops, whereas the men farm the plots with cash crops. House-
work and collecting firewood are almost always women’s and children’s
tasks, while the men are responsible for cutting the wood used for building
and for erecting the houses.

Tasr'. 3.4

Labour input in shifting and semi-permanent holdings,
Kiberege Strip, Kilombero Valley, Tanzania

Semi-permanent

Shifting cultivation farming in the

on the escarpment

valley
Number of holdings 6 14
R value 15 . 55
Crop area (ha ME-?!) 0-607 0930
Rice yield (kg ha~') 1683 1189
Labour input*® (man-days per ha) 272 247
Labour input as % of the total:
Land cultivation k]| 18
Planting 19 15
Weeding 20 k)|
Harvesting 30 36

* Data taken from only 4 and 8 holdings respectively.
® The number of hours worked per day is different for the individual jobs. Thus, clearing
takes an average of 6 hours and weeding and harvesting 4 hours,

Source: Baum (1967, p. 37).
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Although the implements of shifting cultivators as a rule are limited to
hand-tools unassisted by domestic animals, the productivity of labour is by
no means lower than in more intensive forms of traditional land use. Conklin’s
data from shifting cultivation with rice in the Philippines (1957) indicates
that the labour input per quintal of rice compares favourably with the labour
cost figures for rice production in irrigated paddies. Information collected
by Baum (1968) in the Kilombero Valley indicates that shifting cultivators
need 30 per cent less labour per unit of rice than do semi-permanent cultivators
(see Table 3.4). There is, however, a change in the timing of labour demand.
Shifting cultivators put most of the effort into land clearance and cultivation,
while semi-permanent cultivators devote most of their time to weeding.

3.4. Three case studies
3.4.1. Extensive shifting cultivation with monocropping of the Iban, Sarawak

The shifting cultivation of the Iban on the island of Borneo is limited to
the cultivation of a single crop: upland rice. Where primary forest has been
cleared, rice is grown for two years. Where there is secondary forest, the
Iban restrict themselves usually to a single harvest and then the ground is
rested for fifteen to twenty-five years. The R value is very low, about 5-6.
The Iban combine shifting cultivation with stationary housing in solid ‘long
houses’. When the fields are too distant from the main homestead, smaller
groups build huts away from the long house and use the land around them.
When the soil fertility has regenerated near the main house, they return.
Stationary housing is made possible particularly by the fact that in rice the
Iban have a product that is relatively easy to transport.

From the staadpoint of household and labour economies, there are dis-
advantages that arise because the Iban grow only one crop, and have only
one harvest a year, but these are partly compensated for by the fact that the
families, who live together, help each other out, aithough they work separ-
ately. Over and above this, the growing of the rice crop is phased. The main
crop of slow-maturing varieties is supplemented by quick-maturing varieties,
so that the household can be supplied soon after the beginning of each new
growing season. The rice harvest is thus spread over three months.

According to the material collected by Freeman (1955), shown in Table 3.5, a
family of six people grows, on average, 2:2 hectares of rice (0-37 hectares per
persen), and harvested in the unfavourable test year (1959-60) only 16-1 quintals
of paddy (73 quintals per hectare). The object of production is to supply domestic
needs. However, when there are good harvests the surplus is sold. Measured in
American dollars the value of the rice yield, and therefore the income from agri-
culture, amounts to $80.50, i.e. $0.24 per working day. Families are inclined
more and more to supplement their income from arable farming by paid work
in the plantations and by planting rubber.
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3.4.2. Shifting cultivation with mixed cropping in Congo-Kinshasa

As a rule, shifting systems are not organized as simply as that of the Iban,
but are characterized by a variety of crops. A description of a shifting system
with diversified cropping in the rainforests of Congo-Kinshasa is given by
Tondeur (1956). The head of the family and the tribal chiefs cooperate in
selecting the land that is to be cleared, and in allotting the plots to the

TABLE 3.5
Economic return of rice production by the Iban, Sarawak

Persons per household 6
Rice cultivation (ha) 22
Yield*

Rice (paddy) (q ha™") 73

Rice (paddy) (q total~*) 16:1

Gross returns ($)° 80-50
Land expenditure

Work-day~ 330
Productivity

Yield per work-day (S) 0-24

* Less the seed.
b §5 per quintal of rice (paddy).

Source: Freeman (1955, p. 110).

families. The clearance work consists of (1} chopping down the undergrowth,
(2) selective felling of the bigger trees, and (3) burning off. To save labour,
since the trunks tend to get thicker at the bottom, the trees are felled about
one metre up. Hardwood trees are killed by fire or ringing. Trees with edible
fruits, or with leaves that support edible caterpillars, are left untouched.
Clearing work is frequently undertaken communally by the men of the
village. Burning occurs several weeks after felling, when the timber is dry.

There is no need for the soil to be cultivated immediately after the forest
vegetation has been burnt off, since the fire leaves it in a loosened condition.
When the rains begin, sowing and planting take place. Rice and millet are
sown broadcast, while maize and manioc are planted in holes, which used to
be made with a digging-stick, but are usually made nowadays with a hoe.
Initially the main crop is rice. When the rice has sprouted, manioc is planted
in between. A few weeks later bananas are planted into the mixture of rice
and manioc. When the rice has been harvested, manioc becomes the main
crop. The stand of manioc and bananas gradually turns into a tumbledown
fallow. The land is then allowed to rest for eight to eighteen years. The R
value is thus 11-25.

The harvest, transport to the hut, drying of manioc, and transport to the
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market are the principal labour tasks. Although rice has to be plucked ear
by ear, manioc and bananas involve an especially high sxpenditure of labour
in transport and preparation. On the other hand, they have advantages from
the standpoint of both the labour and household economies. The banana
harvest and the supply to the household stretches over a long period of time,

TABLE 3.6

Economic return of shifting cultivation in the Congo-Kinshasa
(model calculation per hectare, 1956%)

Yield
Product Harvest Price Value
@ (5q7Y) (s)
Rice 8 315 25:20
Manioc (dry) 50 1:26 63-00
Bananas 100 0-42 42:00
Gross return® 130-20
Purchased inputs®
Expenditure on tools 1-00
Income of holding® 129-20
Productivity
Labour expenditure Work-days®
Clearing and burning, 160 work-days/ha® 80
Seeding and planting 30
Rice harvest, including transport to the hut' (800 kg, 500 m) 45
Preparation of produce 5
Transport to market (400 kg, 5 km) 7
Manioc harvest, 15 t, including transport to the hut 50
Preparation of produce and drying 120
Transport to market (5 t, § km) 42
Banana harvest, 10 t, including transport to the hut 16
Transport to market (5 t, § km) 83
Total labour expenditure 478
Gross return ($ per work-day) 0-27
Gross return ($ per ha cultivated) 130-20
Gross return ($ per ha of the total area of land) 13-02

* 2 years of cultivation, 18 fallow years, 05 ha annual clearance, 1 ha annual <ultivation,
Area requirement of the holding: 10 ha.

® Not including the yield from hunting, collecting, and fishing. Domestic consumption:
4 q rice, 50 q bananas is included.

¢ Not including farm-produced seeds and planting material.

¢ Tondeur does not supply the number of work-hours per day. Pinxten (1954) estimates
in these conditions 4 hours’ work a day.

* The labour expenditure of 160 days per ha is very high indeed. Samucl (1950, p. 589)
calculated 90 days per ha for similar conditions. The labour expenditure on harvest given
by Tondeur corresponds with that of other data,

! Transport for carrying.

Dara from: Tondeur (1956, p. 43),
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Manioc can stay in the soil and can be dug out when required or when time is
available. Manioc is often grown in excess of need, and what is not used stays
in the soil as a safeguard against hunger, being harvested only when another
crop unexpectedly fails.

The calculations in Table 3.6 give an idea of the labour input and yield of such
a shifting-cultivation holding. Eighteen fallow years follow two years of cropping.
Correspondingly the area requirement of a holding amounts to 10 hectares and
the annual cultivation to 1 hectare. Tondeur gives the yield of 1 hectare as 8
quintals of rice (paddy), 50 quintals of dried manioc, and 100 quintals of fresh
bananas. This production corresponds to a money value of $130.20. The input
of material resources is small, limited as it is to the expenditure on tools, which
accounts for $1 annually. Young plants and sceds are taken from the holding.
Thus, a holding income of $129.20 remains, to be set against 478 work-days
expended. 75 per cent of these are devoted to harvest, transport, and processing.!
The yield per work-hour amounts to $0.27 per work-day with 4-5 work-hours.
The ‘yield per hectare, taking into account the total area requirement of the
holding, comes to $13.02. In addition to this, other produce, often in considerable
quantities, is obtained from the garden that is developed near the hut, and from
collecting, fishing, and hunting,

3.4.3. Shifting cultivation with rotation among the Bemba, Rhodesia

The shifting systems of the dry savannas are different from those of the
forest because of the prevalence of long-term cropping periods, which of
necessity lead to intensive hoe-cultivation practices. Whereas cultivation in
the forest seldom lasts longer than three years, in the savanna it lasts for up
to ten years, and sometimes even longer, occasionally interrupted by a one-
year or two-year fallow. Only then is the land rested for one to two decades.

Typical of this type of farming is the Bemba system, which has been described
by Richards (1961) (see Fig. 3.3). Some distance from the hut are the cleared fields,
or in other words small, irregular plots, the size of which varies from year to year.
Immediately after clearing, finger millet is sown, partly as a monocrop, partly
interplanted with manioc, and partly mixed with sorghum. The rotation of the
individual fields is not as systematic as is usual in permanent farming, but we can
well see from Richards’s examples that the rotations are different from field to
field, and that in each case the crop is grown that is demanded by the household
and is relatively well-suited to the holding.

Near the hut is the garden, which is fertilized with ash and refuse, and in
which are found plants—legumes, pumpkins, maize, sweet potatoes, and manioc
—that require a better soil than those grown in the fields. Just as different crops
are grown in different fields, there are also in the garden several sections, each
supporting different crops.

1 According to Jurion and Henry (1967, p. 320), the time requirements of transport for
a family of four, planting annually 0-5 heciares of maize, rice, groundnuts, and bananas,
amount to 120-40 man-days annually, under the condition of an average distance between
hut and plot of 1-5 kilometres, an average load of 35-45 kilograms, and 4-5 journeys per
man-day.
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An earlier hut site forms a separate plot, which becomes available when a new
hut is built, and it is characterized by a comparatively high fertility. Maize,
pumpkins, tobacco, and sweet potatoes are grown here.

3.6. Weaknesses of the system
3.5.1. Difficulties in the introduction of new methods

The shifting cultivator has been, and still is, a primary agent in the develop-
ment of mature cultural landscapes out of forested regions. He begins the
process of transforming the forested landscape, and he is followed by other
settlers who continue the process (Spencer 1966, p. 5).

In temperate and subtropical climates, in the tropical high altitudes, and
in the drier savannas of the tropics, the gradual intensification that creates
an increase in the value of R has led to a gradual transition from shifting
cultivation to semi-permanent cultivation and finally to permanent cultiva-
tion. The warmer and damper, in other words the more tropical, the climate,
the greater the difficulties that this development encounters. The weakness of
tropical shifting cultivation, particularly in the rainforest, lies in the fact that
the productivity of labour and soil can hardly be increased within this system.
Most shifting systems are not in a position to absorb a growing population,
to allow a steady broadening of cash production, or to derive continual and
accumulating benefit from yield-increasing and labour-saving technical
innovations. The problem obviously does not lie in any antipathy to innova-
tion on the part of the shifting cultivators. Past experience shows that they
are willing to include new crops and varieties in their agricultural programmes
and do so very quickly.

The Portuguese and Arabs, as well as the colonial governments of the
nineteenth and twentieth centuries in Africa, can take the credit for intro-
ducing a series of important crops into the indigenous farm economies. The
introduction of cash crops like cotton, groundnuts, tobacco, and sesame leads
to increased income. Sales from shifting cultivators® holdings are already of
considerable importance for the supply of home markets, and in some cases
also for export. The yields per hectare can be raised by denser planting, timely
weeding, and plant protection. By relieving fanilies of the arduous work
required for such tasks as shelling groundnuts, and peeling and drying
manioc, local centres for processing free labour for work in the fields. The
same applies to the introduction of the bicycl:. which makes the transport
of the harvest considerably easier and quicker. But all measures that increase
the cropped area or the yield per hectare shorten the fallow period or make
the regrowth of a fallow vegetation more difficult; and the fertility of the soil
in the tropics is closely related to its content of nutrients and organic matter,
and thus to the length of the fallow period and the vigour of the fallow vegeta-
tion.
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In the forest regions and in the tsetse-infested savannas, there is a lack of
livestock to provide animal manure. Mineral fertilizer is usually not worth
while, because of unfavourable cost-return ratios, which can hardly be
avoided in shifting systems. Shifting cultivation is limited to the hae; rioughs
cannot be used unless roots and tree stumps are cleared, and that would
prevent the growth of the desired fallow vegetation. In shifting cultivation
proper tracks are almost unknown; thare are only foot-paths. The frequent
changes of field would necessitate an exceptionally large network of tracks.
The absence of tracks, however, prevents tiie introduction of carts. The
harvest must for the most part be carried or transported by bicycle, and those
people who have animal manure have to carry it to the field in baskets.

The shifting of fields leads to the change of hut sites, and much time is lost
in building huts. Those people whose fields and huts are moved at intervals
have little inclination to invest work in permanent improvement of the land,
and a countryside with shifting cultivation is therefore distinguishable by the
lack of permanent improvements, such as irrigation, drainage, and tree
plantations. In general, the family units are scattered. The lack of stationary
housing and the long distances between fields create difficulties in storing
food, collecting surplus produce, and division of labour between farming
and non-agricultural pursuits. Shifting cultivation is thus a hindrance to the
development of villages and towns, central political bodies, and advanced
societies. The land-use system moulds the economic atti:ude of the farmers
who practise it. Shifting cultivators are in the habit of regarding the soil as
a free gift of nature, not as capital that has to be maintained. Where soil
fertility decreases and land is in the process of being eroded, shifting cultiva-
tors are much more inclined to mine the land and to look for virgin territory
than to invest labour in soil conservation.

3.5.2. The tendency towards ‘degraded’ shifting systems

With increasing population and growing, production for sale, a number of
distinct stages of development can be distingnished:

(1) The oldest form is probably the shifting of cultivation and of the
farming group in one direction within a primary vegetation.

(2) According to the growing number of other claimants to land, the
groups share the total arca among themselves, and then each family shifts
i a circle in the area allotted, which is covered by secondary vegetation,
and moves on after one or several decades. Relatively intensive cultivation
is temporarily practised near the dwelling (R = 30-50) (see Fig. 3.2).

(3) With a further increase in population, instead of circular shifting with
long-term intervals of fallow and cropping, there occurs often the shifting
of fields within a fairly limited area, with the tendency to stationary
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housing, where possible along a road. On the permanent site the hut
position is sometimes changed.

(4) A continuous increase in population and the development of cash
cropping involve an intensification of shifting cultivation by shortening
the fallow (R rises to 30-60). At this stage, the basis of land utilization has
changed to such an extent that the system is hzst regarded as semi-
permanent farming. Such systems are considered in the next chapter,

These processes usually lead to a situation of relative overpopulation on
land which then loses soil fertility. Without changes in technology and inputs,
only a small number of people can be supported compared with other land-
use systems.

Naturally the crop yields of shifting systems vary greatly according to
climate and soil type. For example, whereas on the typical light soils of the
rainforest in the Congo twelve fallow years have to follow three years of
cultivation, with the same rainfall on volcanic soils there are only two-year
or three-year fallows for the same period of cultivation, In any case, however,
the shortening of the fallow or the lengthening of the cultivation period
beyond a certain point disturbs the equilibrium of the land-use system.
Shifting cultivation, which can be called *balanced exploitation’ where the
fallow period is sufficiently long, becomes sheer exploitation of the soil
fertility. Geertz (1963, p- 26) argues that in the rainforests of south-east Asia,
in an ecologically balanced shifting economy, no more than twenty to fifty
people can live per square kilometre with guaranteed subsistence.

Figure 3.6 shows these developments in the form of a graph. The yield of the soil
drops with the number of cultivation years and recovers in the fallow period.
In (a) the fallow period lasts longer than the regeneration of the soil requires.
Rislow (11). This is shifting cultivation with production reserves. The situation
in (b) corresponds to that of shifting cultivation without production reserves
(R = 29). The fallow period is, however, long enough to restore soil fertility to
its original level. (c) shows what happens as the fallow is shortened (R = 46).
The fallow is no longer sufficient to restore soil productivity and the yields per
hectare fall, though since the shortening of the fallow period means that a greater
part of the total area is cultivated, the fall in yields per hectare may well be
accompanied by a rising total production. However, the result is a continuous
degrading process.

The increase in cultivation involves a more thorough clearing, more intense
hoeing, and, at the same time, the death cf roots and tree stumps. The fallow
ground does not produce bush quickly enough, especially on soils with low
fertility, after the years of cultivation, so that only arable weeds, grass,
bamboo, or wild bananas establish themselves. Bush regeneration is made
difficult, and the clearing of bamboo and many types of grass (above all
Imperata cylindrica) involves a high labour cost. Where cattle are bept,
grazing is an additional impediment to forest or bush regeneration. Spencer
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p. 127) reports that most shifting cultivator groups are conscious of
reat of the spread of grassland as shifting systems are intensified.
theless, almost everywhere in areas with shifting cultivation, the burning
1 bush and forest areas takes place in the dry season, partly from habit,
; to make hunting easier, and partly to get early fresh grass for the
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Fia. 3.6. The relation between length of fallow and soil productivity in shifting cultivation
(from Guillemin 1956).

cattle before the beginning of the next rainy season. Regular grass fires also
help to prevent the growth of forest and bush.

The interaction between grass and fire transforms the countryside of
unbalanced shifting systems from a natural forest or bush vegetation into a
grass vegetation created by man. In large areas of Africa and Latin America
this process is deliberately encouraged because grazing for the cattle is
desired. Grasses in the tropics, however, do not have the same ability as
bushes or trees to remobilize nutrients and to accumulate organic matter.
Trees and shrubs alone have the necessary depth of rooting, the capacity to
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make good use of a large part of the rainfall throughout the whole year, and
the ability to retain, in their own structure or in their leaf litter, a substantial
portion of the nutrient material available. This involution, therefore, leads
to a countryside which is in grave danger because of loss of fertility and the
effects of erosion.’

3.6. Development paths of shifting systerns

Shifting cultivation is obviously not essential in the tropics, but is rather
an expression of a certain stage in population density, technology, and price
relations, However, in circumstances of relatively mild population pressure,
shifting cultivation has been and still is widely suited, ecclogically and socio-
economically, to the simple needs of man and the potentialities of the
environment. Its replacement by some more satisfactory land-use system is
therefore by no means easy in the light of our present knowledge.

The spread of more productive systems of land use is, as a rule, the result
of necessity and incentives. When shifting systems are modified, the incentives
come from cash cropping, and the main pressure tends to be the relativi
shortage of land. Increasing cash production, as well as the increasing need
for subsistence crops, and both together in interaction with the introduction
of technical advances, lead to efforts to regulate and improve shifting systems
or to replace them by more efficient patterns of land use.

3.6.1. Improved shifting systems

(a) Shifting systems with planted fallow vegetation. Experiments to replace
wild vegetation in the form of forest or bush, by planting quick-growing tree
or shrub legumes, have as yet not been able to make much headway. De
Kroon (1967) reports, however, that planting them in Surinam has proved a
technical success. The fallow was shortened by several years. The soil under
cover was in excellent condition, easily tilled, and the yield of the succeeding
crops higher, but this process has been adopted no more widely in Surinam
than in West and East Africa, where similar efforts were made. The main
reason is that it is very expensive, i.e. it costs a great deal in terms of labour,
in relation to the extra yield, to produce a planted but unused fallow vegeta-
tion,

(b) Shifting systems in forestry reserves. The people responsible for forestry
in several areas (India, Burma, Indonesia, East Pakistan, East Africa) suc-
cessfully combine shifting cultivation with planned reforestation. They allow,
direct, and control the cultivation of food crops in the forest reserves by a
limited number of shifting cultivators. The cultivators are allowed to cut

1 Involution is the attainment of higher total income in the area accompanied by a lower
income per head, because of population increase. Evolution is the attainment of higher

income per head.
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down, burn, and farm a certain area of unimproved forest allotted to them,
under the condition that the land is vacated after two or three years of
cropping and that the forest trees (mahogany, teak, pines, etc.) which are
planted in the second year are properly weeded. Then they receive a new
plot. This procedure is advantageous to both sides: the farmers have the
chance of farming within a restricted area, while there is no danger of forest
destruction; the forestry department saves the clearing costs of reforestation,
because these are borne by the shifting cultivator. The only, but considerable,
disadvantage in this process is that relatively few shifting cultivators can be
absorbed. The felling cycle of the timber is much longer than the usual
fallow of fifteen years, reaching eighty years with teak and mahogany and
about thirty years with pines. This method is thus well adapted to forest areas
with little population pressure, but it is unsuitable for more densely populated
areas that are inhabited by shifting cultivators.

(c) Shifting systems in plantations. In Sumatra an ingenious system has
been devised which permits the combination of large-scale commercial
tobacco production with subsistence production within a shifting system. It
is described by Geertz (1963, p. 107) as follows: -

. . . the famous Deli wrapper tobacco is grown only on land which has been
lying under forest fallow for at least seven or eight years . . . The tobacco planter
of East Sumatra is thus a shifting cultivator who raises tobacco only once in a
cycle of eight years, and each tobacco plantation therefore requires about eight
times as much land as is planted in any one year . . . When the tobacco companies
originally applied to the sultans for agricultural concessions, no attempt was
made to sci aside sufficient land for the peasantry, although the contracts stipu-
lated that the companies had to give each peasant family 4 bouw (2'9 hectares) of
land, so that it could carry on its own traditional form of agriculture. But instead
of reducing the size of their concessions by turning over to each family within the
concession the stipulated amount of land, the planters preferred to have the use
of all the land and to lend the harvested tobacco land to the peasants raising a
single rice crop. This meant that the planter had access to all but the actual village
land within his concession, while the East Coast peasant no longer had to clear
land for his own swidden. Instead, he received from the estate each year in May
or June the same amount of land ready for the sowing of upland Tice that he
would have had to clear had he not lived within a tobacco concession.

Advantageous as this system may be to both sides concerned, it still suffers
from the same disadvantage as do most shifting cultivation systems, namely
that further intensification is scarcely possible.

(d) The ‘couloir’ system. A large-scale experiment to regulate and improve
shifting systems took place under the Belgian colonial administration in the
Congo. In 1960, about two million hectares belonging to 200 000 shifting
cultivators were cultivated under the couloir system. The system consisted
of a sufficiently large and fertile area being selected, declared a paysannat
in agreement with the population, and divided into straight strips. The

EH
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individual families each received a strip of forest of 8-12 hectares, of which
1-2 hectares were cleared and cultivated whilst the remainder was fallow.!
A rotation of cultivation years and fallow years was established on the plot.
The plots cleared by each family were next to each other, so that normally a
cleared corridor ran through the forest. As clearance continued, this corridor
shifted in one direction and left behind incipient secondary forest (Fig. 3.7).
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F1a. 3.7. Controlled shifting cultivation in the couloir system (from Dumont 1957, p. 40).

Experience has shown that the best system consists in the opening of
east-west strips in the forest, alternating with strips of untouched forest. The
strips left unfelled provide shade and seeds inr tie regeneration of the felled
areas once they have been left to revert to fallow. The optimum width of
such a couloir has been established at 100 m.etres.? Cultivation in the corridor
depends on the cultivators’ willingness to follow the obligatory rotation, i.e.
to grow particular crops according to whether it is the first, second, or third
cultivation year. The whole corridor is thus divided up into strips of the
same crops.

At Yangambi the rotation was practised that is illustrated in Fig. 3.7, The strip
for cropping in a particular year—say 1958—is felled and prepared for cultivation.
The following year (1959) the next strip is felled and prepared, and the year after
that (1960) the next strip, and so on. When the strip for 1961 has been opened up,

! An example: 1600 hectares are available for 200 familics, The rotation consists of 3
cultivation years and 16 fallow years. The annual clearance amounts therefore to 0-4
hectares, the area of cultivation to 1-2 hectares (Tondeur 1356, p. 77).

? For the numerous variations in the organization of the paysannats, see Pinxten (1954).
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the one to be exploited next is at the other end of the block, next to the strip that
was cleared for 1953. The clearing of alternate strips then proceeds through the
block for ten years, each strip being croppzd for only one year. When the twentieth
year after the start of the work is reached, felling takes place again on the strip
first cleared in 1953, where a nineteen-year-old regenerated forest exists. All
subsequent strips have also had a nineteen years' fallow before they are cleared
again for cropping.

The regulation of land use by the paysannat system has a number of
advantages:

(1) The ratio of cultivated land to fallow land, and thus the preservation
of soil fertility, is under control.

(2) The concentrated cultivation of particular crops in one belt, where
each family has a section, facilitates the introduction of improvements like
rotations, cultivation of cash crops such as cotton, better varieties, row
cultivation, planting at optimum times, denser planting, weed control,
burning off old cotton stalks, plant protection, etc.

(3) The concentration of cultivation reduces the expenditure of labour on
transport. Building tracks becomes an atiractive proposition. Marketing
and processing can be organized cooperatively.

Difficulties resulting from varying soil fertility and the varying work capacity
of families can be largely overcome in more flexible paysannats. As Fig. 3.8
shows, it is possible under the couloir system to give the participants plots
with different soils and of different sizes. Each number designates the plots
of one family.

No matter how beneficial some features of the couloir system may have
been, it has not survived in the Congo after independence. The shifting
cultivator who is used to freedom of movement obviously finds the compul-
sory rotation of land oppressive. Maintenance of the rotation probably
required the administration of the paysannat by an official from an outside
institution, with sufficient ‘power keys’ (like project rules, control of credit
and sales) to be able to make the farmers adhere to a system that they would
not otherwise have preferred. The planning and supervision of a paysannat
thus makes considerable staffing demands.

Undoubtedly the couloir system brings considerable increase in produc-
tivity per hectare and per man-unit, but it remains in principle a land-use
system that demands a great deal of land, the labour productivity remains at
a low level, and it is a system that the participants often feel to be too rigid.
In short, it is an attempt at improving and organizing a system which, in the
context of agricultural development, will sooner or later disappear anyhow.
Newton (1960) reports that at the end of the 1950s the interest in the couloir
system in the Congo declinied, and that experiments with field-grass systems
were increasingly being made.
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3.6.2. The change Jrom shifting systems to more intensive types of Jarming

(a) From shifting 1o permanent rain-fed farming. The obvious development
of shifting systems lies in a progressive shortening of the fallow, which leads
finally to permanent agriculture after a period of semi-permanent agriculture

!
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F1a. 3.8. Couloir system with varying size of individual plots (from Brouwer 1965).

2nd year

or unregulated ley systems, In tropical high-altitude areas, on especially
fertile soils and in the dry savannas, the development toward permanent
farming has taken place to a considerable degree in a relatively short period,
In the rainforest climate, on the other hand, the introduction of systems with
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permanent arable farming proves to be a difficult problem from the stand-
point of agronomy and farm economy. The first experiments with this kind
of system, which were carried out in Yangambi, were an unequivocal failure.
Dumont (1966, p. 37) describes them:

On the first experimental plots at Yangambi, the forest was cut down, burnt, and
uprooted. The soil was ploughed deep and, as a precaution, sown with Pueraria,
Calopogonium, and other leguminous crops which had proved their worth in
plantations. Thecz were used as green manure and various grasses (Pennisetum
purpureum) were sometimes sown as well, The land was ploughed a second time
and then cultivated on a two-year rotation. As the region has rain throughout the
year, with only a slight abatement from December to April, it was possible to
introduce four breaks into this rotation. A crop of upland rice was followed by
two of manioc and one of groundnuts. This was follovied by a leguminous cover
crop. In this manner it was hoped to begin continuous cultivation on the pattern
of temperate agriculture. The ant-hills, which occupied about a third of the area,
were not cultivated. The soil was exposed to the harmful effects of chemical
photo-oxidation for more than half the time, for thirteen monihs out of twenty-
four, to be exact. Deep ploughing, expensive as it was, impaired the soil structure.
The absence of a vegetation cover for so much of the period increased the amount
of percolation, and the removal of plant foods {rom the topsoil was thus acceler-
ated. The cover crops themselves did not have any apparent effect in improving
the soil and their woody stems decomposed too slowly. Bacterial activity was
hindered by excessive insolation and was unable to keep up an adequate supply
of humus.

The yield of every crop fell rapidly. The cars of rice did not swell. The 150
acres on which the experiment had been conducted had to be abandoned after a
few years. Too far from the edge of the forest to be reseeded quickly and with the
micro-climate of its soil reduced almost to aridity, the area was still only thinly
wooded ten years later. The Belgians frankly recognized their mistakes. Their
notions of farming in temperate regions were obviously out of place in the
Congo. In 1940 they decided to start again, but this time they took the Bantu
system as their only sure starting-point and tried to improve it.

Recent experience shows that permanent cultivation on the light soils that
predominate in the humid tropics is possible with hcavy applications of
mineral fertilizer and the maintenance of sufficient organic matter in the soil.
These conditions are scarcely practicable under the input-output conditions
of most tropical countries, even where agronomically satisfactory solutions
have been worked out. They prove mostly to be too complicated or too
unrewarding to be adopted on a large scale by indigenous farmers (see §6.6).

(b) From shifting to regulated ley farming. An alternative possibility of
evolution is the replacement of the bush fallow that occupies the land for
several years by plants that are themselves usable, regenerate the soil pro-
ductivity, and allow use of the plough. The obvious way to achieve this is by
transition to the ley system. However, arable crops, grasses, and leguminous
crops in a rainy climate do not have the capacity of the forest or of tree crops
to keep a reasonable balance between leaching and the remobilization of
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nutrients. The experience in Yangambi at the end of the 1950s shows that
in a rainy climate ley systems can take the place of forest and bush fallow
only with the help of heavy applications of mineral fertilizer. However, the
right economic conditions for ley systems demanding much fertilizer are
found only rarely (see §4.6.2).

(c) From shifting cultivation to perennial crops. The humid tropics are by
nature forested, and the natural environment is well suited to perennial crops
like bananas and to tree crops, a fact that is widely recognized and used by
the shifting cultivators. The slowing down of the shifting cycle leads to
stationary housing with more or less permanently cultivated gardens.
Permanent banana groves develop, offering soil protection as well as high
yields of calories per hectare. Wherever remunerative markets are available,
shifting cultivators tend to plant tree crops like rubber, coconuts, and cocoa
in their plots, since these are less choked by weeds and demand less of the
soil than annual crops. The cultivation years are thus not followed by
regeneration of fallow vegetation, but by a stand of tree crops whose effects
on the soil resemble those of forest and bush vegetation. Evolution of this
kind has taken place on a large scale. Nowadays in tropical Africa and Asia
thousands of hectares that were previously utilized by shifting cultivators
support cocoa, oil-palms, and coffee. The evolution from shifting systems to
perennial crops is obviously suitable for the natural conditions of the wet
tropics in particular: it is also a change that is relatively simple and cheap.

(d) From shifting cultivation to irrigation farming, in particular to paddy rice.
The experience of tropical Asia shows that the best system of arable cropping
in a warm, damp climate is the concentration of production in the relatively
fertile, irrigated valley bottoms, i.e. replacement of shifting cultivation over
large areas by irrigation farming, especially with rice, in small, intensively
cultivated plots. The transition from the shifting system to the paddy-rice
system, or the combination of both methods, can be observed in large areas
of the tropics (Madagascar, East Africa, Ceylon, Indonesia). It depends, as
a rule, on the initiative of the indigenous population, and obviously repre-
sents an evolution that is ideally adapted to the special environmental condi-
tions (see §6.4.2).

(€) From shifting cultivation to ranching. In some areas in Africa and to a
greater degree in Latin America, especially Brazil, shifting cultivation serves
as a method of obtaining cleared grazing land. The shifting cultivator obtains
the right to clear the land and to cultivate it for scveral years. Thereafter a
new plot is allotted to him. The period of crop farming, however, is not
followed by the regeneration of a fallow vegetation of bush, but by the transi-
tion into grassland, facilitated by heavy grazing, supplementary bush clearing,
and planned burning. Similar methods of using shifting cultivation in order
to turn bush into grazing land are widely practised by cattle-owning cultivators
in the African savannas,



4. Semi-permanent cultivation
systems

4.1. Definition

EXPANDING cash production and the growing subsistence needs of an increas-
ing population lead to a gradual extensic.: of arable farming at the expense
of the fallow, and short-fallow systems replace long-fallow systems. Culti-
vateurs avec jachéres (Faucher 1949, p. 9) cultivate areas with alternating
cropping and bush or grass fallows. Brinkmann (1924, p. 959) used the term
Umlagewirtschaft to indicate that stationary farms change the cultivated area
more often and more regularly than shifting cultivators. In this type of land
use the value of R is between 30 and 70. An R value of 50 can be regarded as
typical, and arises when, for example three, five, or ten fallow years follow
three, five, or ten years of cropping. In such a situation 50 per cent of the
arable land is cultivated annually.! The length of fallow is mostly insufficient
for fallow vegetation of forest or dense bush to regenerate. Grass or light
bush is typical. In areas not infested by the tsetse fly, the fallow vegetation is
grazed by cattle, sheep, and goats. The characteristics of these farming
systems are distinct from those of shifting cultivation. We classify them as
semi-permanent systems. Where the fallow vegetation is systematically
grazed we speak of unregulated ley systems.

Table 4.1 illustrates this development amongst the Bailundu of Angola.
Within a few decades, the reduction of fallows has increased the R value from
17 in the traditional system to 31 in hoe systems and 54 in plough systems.

Semi-permanent farming is usually characterized by clecarly defined hold-
ings with largely permanent field divisions. Quasi-stationary housing pre-
dominates, since the changing of hut sites is a matter of moving short distances
only. Families generally have de facto or registered ownership of the land,
in contrast with most shifting systems, in which the holding boundaries are
not usually clearly defined, housing is more or less of a migratory nature, and
land rights are even less precisely defined.

! A further criterion is that several fallow years succeed several cultivation years. in smi-
dry climates of the subtropics the continuous rotation grain-fallow is widespread. I'rom
the point of vin of farm management, these dry-farming systems are fundamentally
different from semi-permanent farming.

55
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Most semi-permanent farmers practise hoe cultivation in the form of a
soilconserving and yield-maintaining, but labour-demanding, ridge or
mound culture. They usually cultivate a larger area than shifting cultivators
in the same environment, with a fairly large cash-crop area, which may take
half of the total land cropped. In Africa in particular, the economic import-
ance of semi-permanent farming is far greater than that of shifting systems.
Most of the population and areas that would normally be associated with
shifting cultivation are in fact part of semi-permanent cultivation systems.

TABLE 4.1
Development of the land-use system of the Bailundu, Angola

Traditional farming Hoe systems Plough systems,
~ system, which has predominant which are
almost disappeared at present expanding
R =17 R=29 R =154
6 years arable farming 6 years arable farming 6 years arable farming
5 ycars pasture 5 years pasture 5 years pasture
10 years bush fallow 10 years bush fallow

15 years bush and forest

Source: Ddssinger (1967, p. 114),

These systems are chiefly to be found where the soils and climate allow a
relatively short crop-fallow cycle, i.e. a high R value, withcut rapidly de-
creasing yields.

In general terms, a reduction of the fallow period causes a reduction of
the yields per hectare, unless there is fertilizer application or manuring,
which is normally not the case in these systems. The warmer and the rainier
the climate, and the poorer the soils, the more necessary is the long-ierm
forest or bush fallow, and the less likelihood there is of semi-permanent
farming being successfully developed. It is therefore not a typical system in
the humid forest zone. The main regions where it is found are the dry and
humid savanna climates and at high altitudes, where there is less leaching
and the soils tend to be richer. Under these conditions, extension of cropping
at the cxpense of the fallow may lead to a rising overall production from the
total area available, in spite of decreasing yields per hectare cropped. The
lower yield per hectare cultivated is usually more than balanced by cropping
a larger area. Semi-permanent cultivation is found also on high-fertility soils,
especially on alluvial and colluvial soils in river valleys, and at the more
fertile bases of slopes, i.e. where the motive for fallowing is less the regener-
ation of soil fertility than the suppression of weed growth.



TABLE 4,2

Intensity of fallow systems and farming patterns in the Kilombero Valle 'y, Tanzania

System of land use Extensive shifting Intensive shifting Semi-permanent farming Permanent farming
cuitivation cultivation
R value 15 30 50 70
Permanency of the Frequent shifting of Infrequent shifting of Stationary housing and Stationary housing and
dwelling-place dwelling-place and garden dwelling-place and garden; garden garden
sometimes stationary
housing
Housing material Tree poles Tree poles and clay Clay/tin roof Stone/tin roof
Main input High input for clearing; High input for clearing; High input for weeding; low input for clearing; increasing
low input for weeding low inpu: for weeding application of agricultural innovations; increasing invest-
ments
Typical agricultural New annual crops and new New annual crops and Introduction of insecticides; introduction of mineral ferti-
innovations crop varieties varieties; some new lizer; increasing planting of perennial crops

permanent crops

Source: Baum (1968, p-. 36).



58 SEMI-PERMANENT CULTIVATION SYSTEMS

4.2. Types of semi-permanent cultivation and their
geographical distribution

Semi-permanent cultivation has thus developed in different soil and cli-
matic conditions from shifting cultivation. Looking at the various types from
the farm-management angle, we classify them in five main groups.

4.2.1. Semi-permanent cultivation on the fertile soils of the humid savannas

Where alluvial or volcanic soils of high fertility are found in tropical
regions with heavy rainfall, the cultivator’s problem is less one of conserving
soil fertility than of controlling weed growth. Consequently, fallow years
may be replaced by more labour input, and cultivators ciaange from hifting
to semi-permanent cultivation wherever cash cropping or concentration of
population demands a more intensive use of land. Table 4.2 shows a course
of development that is typical of the fertile areas of the humid savannas in
Africa, the particular example being the fertile plain covered with elephant
grass in the Kilombero Valley in Tanzania.

Soil fertility permitting, people prefer to enjoy the advantages afforded by
the accessibility of markets, water, and neighbours. The easily recognizable
tendency to move into areas already somewhat densely populated is an
indication that these last advantages are considered more important than the
higher labour input per unit of yield required in semi-permanent systems as
compared with shifting systems.

Baum (1968, p. 35) writes:

The intensification of rotation cycles and the tendency towards stationary living
bring about changes in farming pattern. Stationary dwellings are accompanied
by permanent gardens where more and more beans, maizé, sweet potatoes,
manioc and fruit trees are planted. Whoever has the means builds himself a solid
house with a tin roof. Where semi-permanent or even permanent farming is being
practised, technical innovations are spreading. New crops are planted. Interest
in selling the produce grows in direct correlation to the degree of permanency in
farming. Here and there, tractor ploughs are used, and cotton is treated with
insecticides.

4.2.2. Semi-permanent cultivation in connection with perennial crops

Semi-permanent cultivation also establishes itself where the planting of
tree crops gives risc to stationary living and farming. An intensified rotation
of cropping and fallow necessarily follows where more and more land is
planted with trees for market production, and less and less land remains
available for subsistence crops. Thus the planting of trees often cause: the
change from shifting systems to semi-permanent and permanent systems. In
these types of farming, tropical root crops usually constitute a high propor-
tion of the total cultivation, Little livestock is kept, since in Africa this form
of cultivation is mainly found in regions infested by the tsetse fly. Examples
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of semi-permanent land use of this kind can bec seen particularly in the forest
areas of West Africa. They are discussed in Chapter 8.

4.2.3. Semi-permanent cultivation in connection with irrigation ferming

Similar conditions occur in permanent irrigation farming, especially in
wet-rice systems. Paddy-rice cultivation requires permanent homes and
creates a relative shortage of rain-fed land in the vicinity of irrigated fields.
Where shifting cultivators change to paddy-rice cultivation in irrigated
valley bottoms, short-fallow systems usually replace long-fallow systems in
the surrounding hill country. Especially clear examples of developments of
this kind can be seen in Madagascar and Indonesia see Chapter 7;.

42.4. Unregulated ley systems in the drier savannas

More important semi-permanent systems occur in the dry savannas. As
cultivation spreads at the expense of fallows, forest or bush vegetation gives
way to a cultivation steppe with large areas of grass failow, which is often
dotted with patches of bush. In Africa this process is causing the tsetse fly
to be displaced, so that cattle can be kept, and the grass fallows and harvest
residues can be used as fodder. The concentration of cattle dung in the kraals
where the animals spend the night provides the beginnings of an organi.ed
folding system. Fallow systems of this nature may be considered as a stage in
the transition to ley farming proper and are therefore called unregulated ley
farming.

The economic importance of this kind of land-use system i considerable,
especially in Africa. The cotton holdings of the savannas in western and
eastern Africa, and the groundnut-millet holdings in western Africa, may be
classified wholly or partly as a form of unregulated ley farming.

4.2.5. Unregulated ley systems in high-altitude areas

Greatly reduced dependence on fallow s the outstanding feature of the
agricultural systems in temperate, high-altitude areas of Africa, Asia, and
Latin America (Miracle 1967, p. 143). Short-fallow systems, with R values
that are much higher than in long-fallow shifting systems, are consequently
widespread in tropical high altitudes. The fallow vegetation consists as a rule
of grass which is used for grazing; in other words we find wild, unregulated
ley systems, as in the drier savannas. This kind of farming is widespread in,
for example, the highlands of Burundi, Tanzania, Kenya, and Ethiopia.
Comparatively large areas of unregulated ley systems exist in the mountainous
parts of Peru, Equador, Colombia, Venezuela, and Bolivia, where the grass
fallow is grazed by sheep, llamas, and alpacas, and, to a lesser extent, by
cattle (Dion 1950; Fals-Borda 1955; Sick 1969, p. 164). Some unregulated
ley farming is still to be found in mountainous areas of northern India
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(Himachal Pradesh). In these areas, double cropping with rice and wheat is
carried out for some years, and followed by several years of grazing.

In most cases we still do not find the permanent field divizions that charac-
terize regular ley systems. Instead, suitable parts of the grazing area are
cropped for a few years and then left to go back to grass.

4.3. General characteristics of semi-permanant systems

Semi-permanent systems are of particular importance in Africa south of
the Sahara. The description of general characteristics, therefore, refers
principally to African conditions, especially those prevailing in the African
savannas.

4.3.1. Spatial organization of cropping

Semi-permanent systems, like the shifting systems from which they have
usually developed, are characterized less by attempts at controlling nature
than by complex and skilful adaptation to the natural conditions of produc-
tion. A typical feature is the juxtaposition of plots used for different crops,
especially where the soils change over a short distance.

Type ot soil Prevailing use

% Rock zone ‘Lugury’ Grazing in the wet season

Coarse sandy soils Maize, sorghum, groundnuts,
‘Isanga’ cotton, sweet potatoes
Fine sandy soils Manioc , cotton,

‘Luseni’ swest potatoes, legumes
Dense, fine, sandy Rice, sorghum ,maize, cotton,

hardpan soils grazing in the wet season

Sorghum, maize,rice, cotton,

Alluvial soils grazing in the dry season

Bananas, citrus fruits

FiG, 4.1, The catena and the principal uses of the different types of soil in Sukumaland,
Tanzania (from Rotcnhan 1968, p. 58).

Figure 4.1 shows the catena of various soils in Sukumaland, Tanzania. The most
suitable crops are grown on each type of soil. A Sukuma holding consists, where
possible, of a strip of land running through all the soil levels. At the top of the slope
are the fields with maize and sorghum, followed by plots chiefly planted with cotton
and manioc. The hardpan soils serve principally for grazing. Finally, in the valley
bottom, we find plots with rice and sweet potatoes.

Figure 4.2 illustrates, with an example from Senegal, the horizontal differentiation
that has developed in western and eastern Africa with the introduction of cash
crops into arable farming (Pelissier 1966; Dumont 1966, p. 66; Froelich, Alexandre,
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and Cornevin 1963). The intensity of cropping decreases in concentric circles from
the domestic gardens in the vicinity of the huts to the often widely scattered peri-
pheral fields.

Holdings of this type usually include a great number of various subsistence
and cash activities carried out on different plots within the holding area, so
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Fic. 4.2. Spatial organization of land use in N'Gayéne, Sencgal (from Pelissier 1966,
p. 474). (1) Houses and gardens; (2) permanent cultivatior; (3) semi-permanzat cultivation;
(4) intensive shifting cultivation; (5) bush and extensive shifting cultivation.

much so that semi-permanent farming may be considered as one of the most
diversified farming systems in the tropics. The main features of these holdings
are as follows:

(1) Permanent gardens with fruit trees and perennial crops like bananas
and papayas are found in the immediate vicinity of the hut, which is either
no longer shifted or is moved only a short distance at long intervals.

(2) Near the huts or villages, what is called the dung-land is mostly culti-
vated. It is used for crops that require more fertile soils, and should
guarantee a good yield. The intensity of land use frequently corresponds to
garden culture. :

(3) Adjoining this we find semi-permanently used fields in concentric
circles of varying size. These fields are often used for growing the staple
food and cash crops. The fallow is mostly used as pasture.

(4) The intensity of the crop cycle decreases proportionately to the distance
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from the farmstead. Between the cropping years the ground is left fallow
for long periods; in other words, shifting cultivation is practised.

(5) In some areas the holdings include plots in valley bottoms, which are
used for cropping sweet potatoes, taro, or sugar-cane. On the valley
bottoms rice cultivation is also widely practised. It should be noted in
addition that on moist plots millet or maizc is cropped in the dry season,
thus providing the household with an off-season supply of fresh food.

(6) Trees are often found scattered over the area: fruit trees (e.g. mangoes
in eastern Africa), fodder trees (e.g. Faidherbia albida in Senegal), or sisal
hedges.

(7) Where cattle are kept, a calf enclosure is occasionally found near the
hut or inside the kraal.

(8) The fallow and communal pasture are grazed by cattle, sheep, and
goats,

(9) Livestock-rearing in a stationary homestead is supplemented here and
there by a certain amount of nomadic herding: some of the herds belonging
to the cultivators graze on remote grazing areas watched over by herdsmen.

By no means all holdings that are classified as belonging to semi-permanent
systems incorporate all the activities cited above. In most cases, however,
there is a catena in land use, or a spatial differentiation within the holding;
and there is a combination of intensive agriculture and shifting cultivation,
providing as it does for adjustment to differing soil conditions and labour
requirements in holdings of partly commercialized farmers with stationary
housing.

4.3.2. Cropping principles

The main source of semi-permanent cultivators’ sustenance is arable
farming, with animals playing a supplementary role only. In the savannas,
crop yields vary considerably from year to year, more so than those obtained
by shifting cultivators in the humid forest zones. Consequently, semi-
permanent cultivators try atove all to secure a reliable supply of food.
Another aim is to obtain tasty food: millets and maize are usually preferred
to manioc or sweet potatoes. In addition, there is as a rule a dominating cash
crop like cotton, groundnuts, or tobacco in each farming system. These are
the usual objectives on which the organization of cropping is based, and they
require some basically different cropping principles from those that are
typical of shifting cultivation.

(@) Pure stands and mixed cropping. Mixed cropping usually still pre-
dominates in semi-permanent systems. The cultivation of cash crops, how-
ever, has led to a considerable number of pure stands. Cotton, groundnuts,
rice, and tobacco are usuzlly cultivated only in pure stands.

(b) Phased planting. A widely practised principle is phased planting of
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each crop, even though losses due to late planting are considerable. The point
is illustrated by the practice followed in Sukumaland, Tanzania (see Fig. 4.3),
The cultivators point to the unreliability of the rain, particularly in the drier
regions. To allow for this uncertainty, they distribute the planting of their
ciops over a long period, preferring to spread the risk instead of aiming at
maximum yields. They also prefer to spread the demand for labour over
several months by phased planting. Houschold requirements offer an addi-
tional explanation, planting being so timed that the farmers can get food
from the garden or field for continuous periods of several months. Thus the
planting of subsistence crops in particular, such as beans, sweet potatoes,
groundnuts, and maize, is spread over several months.

(c) Crop rotation. As short-faliow systems replace long-fallow systems, we
can see the pseudo-rotation (de Schlippe 1956) being increasingly displaced
by proper crop rotations. When compared with the crop mixtures and
pseudo-rotations of shifting cultivators, the rotations show several distinct
tendencies:

(1) Whereas the rotations of shifting cultivators tend to include a wide
range of different crops, as cu:tivation becomes more permanent cropping is
restricted to fewer crops on each type of soil.

(2) There is a tendency to use different rotations for the particular soils of
different plots.

(3) Fixed and regular sequences of crops like rotations of the kind found
in permaunent cropping have by no means yet evolved, but crops demanding
fertile soil arc increasingly being planted at the beginning of the period of
cultivation, and crops demanding less fertility are planted at the end.

(d) Fallow systems. The organization of fallowing in semi-permanent
cultivation is as a rule especially varied. According to Rotenhan (1968, p. 64),
the variety of forms that it takes can be classified in the following way:

(1) There is a half-year’s fallow if the land is not used during a six-month
period between the harvest and the following planting. In most wet-dry
climates, the six-month fallow is the rule on all arable land.

(2) There is a proper fallow, if no crops at all are grown on the land during
the whole year. The ground is left to be covered naturally by grass or bush.
Subject to the influence of climate and soil in most African savanna areas,
a short-grass steppe develops. With increasing length of the fallow, this
short-grass steppe changes into bush vegetation.

A distinction can be made between different forms of proper fallow:

(1) Permanent fallow exists on those arable plots that are not likely to be
used for cultivation in the foreseeable tuture. They usually serve as grazing
areas,
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F16.4.3. Phased planting in Sukumaland, Tanzania. Seveity-five holdings in three locations
were studied, each with several hundred plots, and with only minor differences at the
beginning of the rainy season. The percentage of the total area used for each crop sown in
different months is shown. (From Rotenhan 1968, f. 62.)
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(2) If the yields from a plot that has long been cultivated have fallen so
much that further cultivation appears uneconomical, then it is given a
long-rest fallow of five to twenty years. Frequently several fields at once
cease to be cropped, so that we can speak of fallow blocks as opposed to
cultivated blocks.

(3) There is a medium-term fallow if a plot of arable land within a cultivated
area is left uncultivated for two to five years. The aim of this form of fallow
is to combine the regeneration of the soil fertility with the elimination of
weeds. Medium-term fallows are particularly widespread.

(4) The short-term fallow of one to two years has generally not the aim of
restoring soil fertility, but is caused rather by other circumstances, such
as the illness of a farmer or unfavourable weather, which may make the
planting of the field difficult.

The high degree of diversification of semi-permanent cropping can be
regarded partly as the inheritance from shifting cultivation as practised
earlier, and partly as adaptation to a more intensive stage of land use.

4.3.3. Characteristics of the fertilizer economy

The higher intensity of land use necessitates more highly evolved manuring
techniques, although it must be recognized that in most semi-permanent
systems, as in shifting systems, the fertilizer cconomy is still undeveloped.
The continuity of cropping depends on either:

(1) high soil fertility, which is not visibly impaired by frequent cropping,
in which case fallow periods are not interpolated so much to regenerate
fertility as to eradicate weed growth; or

(2) the ability of the soil to regenerate during the fallow period, which
consists principally of grass; or

(3) stabilization of yields at a low level.

In high-altitude tropical areas with a temperate climate, and in the drier
savannas, grass fallows are usually able to regenerate soil fertility. In these
conditions and on very fertile soils, semi-permanent cultivation can be
regarded as a balanced land-use system. This does not, however, apply to
the large areas of semi-permanent cultivation in the humid savannas, where
the soils are of only moderate fertility. In these conditions, repeated cropping
with short, unfertilized grass fallows brings about a long-term deterioration
of the land. Repeated cultivation favours erosion, in particular gully-erosion
and sheet-erosion. Furthermore, grasses with shallow roots are less effective
than trees or bush in reducing the leaching action of rainfall. Thus Portéres
(1956), for example, has demonstrated that in some areas of Senegal the soil
eventually loses its structure: clay components are washed out, the soil



66 SEMI-PERMANENT CULTIVATION SYSTEMS

Secomes increasingly pervious, the proportion of sand in the topsoil in-
creases, and the ability to retain water is reduced.
In so far as cultivators have recognized the problem of soil mining and
practise manuring, a number of fertility-restoring methods can be identified:
(a) Shifting of the hut and kraal. 1t is in any case traditional for the home
and farmstead to be shifted a fairly long intervals.

The huts become dilapidated after some years, the site foul and eroded, the
kitchen gardens reach the point of exhaustion, and it is better to move 10 a new
site than to attempt to rehabilitate the old dwellings. These rebuilding moves are
generally short, sumetimes a mile or more but often no more than a few hundred
yards. .. (Allan 1967, p-7)

The wish to obtain an especially fertile plot that can scrve as a permanent
garden for some time also motivates the shifting of the holding and the
kraal.

{b) Systematic folding. In some cases we also find a systematic folding
economy (Froelich er al. 1963, p. 71; Dumont 1966, p. 65; Pelissier 1966),
Where semi-permanent cultivation is combined with livestock-rearing, the
cultivators can use the manure from the kraals. Transporting the manure to
the fields, however, and digging it into the soil present considerable problems
where there are no tracks, carts, or draught animals. The cultivators therefore
prefer to move the kraal and, in the case of the Wasukuma (sce §4.4.2), for
example, they do so irregularly, thereby obtaining a series of manured plots.
In some areas of Senegal, and on the west coast of Madagascar and Ethiopia,
the kraals are moved regularly, so that fairly large plots are systematically
manured. In these cases, it is the area around the farmstead which is treated
in this way, with the consequence that it can be cropped more or less per-
manently (see §4.3.1).

(c) Green manuring. A widespread practice in hoe cultivation, especially in
ridge cultivation, is for the fallow and weed vegetation to be dug systematic-
ally into the soil. Sometimes the gathering of green manure from further
afield is organized as well. Péssinger (1968, p. 117) reports, for example, that
farmers in Luanda, Angola, artificially increase the size of termite mounds,
which are preferred for cropping. The cultivators pile up maize straw,
manioc stalks, and other plant waste in a circle around the mound, and the
termites break down this plant material on the spot.

(d) Mineral fertilizers. Where cotton, groundnuts, tobacco, and other
annuals are grown as cash crops, more and more cultivators apply mineral
fertilizers. Mineral fertilizer—when it is economically worth while—can be
introduced comparatively easily in semi-permanent farming, because it can
be applied efficiently on small plots without requiring tracks, carts, or much
labour. At the same time, it can be stored without appreciable detcrioration,
is easy to apply, and produces an increased crop after a relatively short
period. For these reasons, it is usually easier to introduce the application of
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mineral fertilizers in semi-permanent farming than to introduce manuring
with available cattle dung.

Even though the various stages of incipient fertilization may be worthy of
note, it must nevertheless be remembered that they are mostly inadequate.
Semi-permanent land-use systems often represent nothing more than de-
graded forms of previously balanced systems of shifting cultivation,

4. 4. Characteristics of animal husbandry

Whereas shifting cultivation is largely practised with little or no livestock,
in semi-permanent systems we often find large stocks of cattle. In extended
areas of the African savannas, it is the interaction of arable cropping and
cattle-keeping that keeps the tsetse fly at bay. Slash and burr agriculture
thins out the forest or bush vegetation and destroys the breeding grounds of
the tsetse fly; intensive grazing prevents bush regeneration and therefore pre-
vents the insect from re-establishing itself. Arable cropping and animal
husbandry in unregulated ley systems are consequently closely dependent
cn each other.

The aims of stock-keeping are varied:

(1) Cattle are kept to cover the risk of harvest failure or sickness, When
land is not privately owned, cattle are kept as a means of support in old
age.

(2) In close relation to this there are social functions. Cattle act as bride-
price, while a large herd is a status symbol.

(3) Farmers want a supply of meat and milk for the household; sale of
this produce is not very important.

(4) A factor of increasing importance is the provision of the traction
power for ox-plough cultivation.

(5) Only in a few cases do semi-permanent cultivators consider the con-
tribution of manure as an essential purpose of stock-keeping, although it
might be of considerable relevance to their farming.

Harvest residues, fallow grazing, and natural grazing provide the fodder,
Communal use of grazing land is customary: cverybody has the right to
allow any number of animals to graze on the fallows, pastures, and stubbles.
Fodder cropping is practically non-existent. Occasionally, balanced feeding
is achieved by seasonally moving the livestock to grazing areas some distance
away, which have not been used earlier in the season.

The composition of the livestock herds depends above all on the avail-
ability of fodder. Where there is good grassland with sufficient watering
places, the number of cattle per family is high, and a high proportion of the
stock consists of male animals. With increasing shortage of grazing and
higher cattle densitics, primarily female stock is kept, the male calves being
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slaughtered soon after birth. Where fodder is not sufficient to keep large
herds in one place, the lending out of cattle is common.

TABLE 4.3

Management indicators of cattle husbandry in Sukumaland, Tanzania

Shinyanga Kwimba Ukerewe
Semi-permanent Permanent  Total survey
cultivation cultivation
Number of cattle surveyed 472 296 49 817
Average age of cattle
over 1 year 7:6 9 59 75
Average age of female
animals 92 109 103 10:0
Average age for bearing
first calves (months)* 18 37 54 39
Calving interval (months) 16 18 26 18
Calves per 100 female
animals® 39-3 374 12:0 365

* Animals with more than two calves.
b Live births.

Sources: Rotenhan 1966, pp. 56-7.

Table 4.3 illustrates the cattle economy in a typical dry savanna in three regions
of Sukumaland, Tanzania, namely Shinyanga, where the R value is 39, with a
relatively large amount of grazing land; Kwimba, which hasan R value of about 33,
with less grazing; and Ukerewe, where the R value is about 75, with permanent
cultivation.

One hundred cows between three and six years old can be expected to produce on
average thirty-six calves, and both male and female calves are raised, although only
60 per cent reach their second year. A fully grown new generation of twenty-two
animals is therefore produced by one hundred cows. They bear their first calves at
thirty-nine months, and the intercalving period is eighteen months. Excluding the
milk consumed by the calf, there is a yield of about 600 kiiograms in a lactation
period of 246 days. The number of animals consumed, including calves, constitutes
10 per cent of the total stock annually. There is no selling on a large scale. Of all the
animals consumed, 75 per cent are those that dic or have to be slaughtered, and
only 25 per cent are slaughtered specifically for consumption. Efforts to control
losses caused by disease by means of dipping, de-stocking campaigns, and projects
to introduce organized use of grassland have not so far been successful. Table 4.3
shows clearly that performance is generally low and dccreases with increasing
shortage of fallows, i.e. with higher R values.

An important sociological feature is the fact that the ownership of live-
stock is much more concentrated than the cropping of land. In Sukumaland,
for example, 25 per cent of the families crop 55 per cent of the cultivation
area, but 25 per cent own 80 per cent of the animals (see Fig. 4.4).
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3.5. Characteristics of the labour economy

Important differences between shifting and semi-permanent systems may
so be found in the labour economy. The increasing degree of permanency
“land use, and the increasing amount of cash cropping, induces rather
riking changes:
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Fic. 4.4. Distribution of livestock property in Sukumaland, Tanzania (from Rotenhan
1966, p. 57)-

(a) Technical. There is a change in work pattern. Tree felling and clearing
are the main jobs of fire-farming shifting cultivators; the more tedious
tasks of cultivating with the hoe and of weeding are the most time-
demanding activities of the semi-permanent cultivators, particularly
where these processes cannot yet be carried out with ploughs and weeders.
(b) Economic. It is almost always the case that people work for more
hours each day, firstly because semi-permanent cultivation is more often
than not more time demanding per unit of output than shifting cultivation,
and secondly because cash cropping requires additional working time.
According to Rotennan's research, semi-permanent cultivators in Suku-
maland work for an average of 64 hours a day during the growing season,
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which lasts for about eight months (1966, p. 70). Haswell (1963) gives a
similar figure of 6:4 hours daily for groundnut holdings in Gambia.

(c) Sociological. We find a change from the rather rigid traditional division
of labour between the sexes, which is still typical of many shifting systems,
towards a more flexible use of the available labour force. The demands of
cash cropping seem to be the driving force behind this. An important
feature is the increasing involvement of men in field work such as weeding
and harvesting. This in turn indicates a new tendency in farm management.
Traditionally, several persons in the household cultivate the food they
need for themselves and their dependants on a plot that might be con-
sidered a sub-farm within the family holding. With increasing permanency
and commercialization, land and labour use within a holding seem to
become more centrally organized.

Typical of semi-permanent land use in the African savannas is the cultiva-
tion with hand-tools of comparatively large areas of 2-8 hectares per family.
The labour input per hectare is rather high. A lot of hard work has to be
done in the growing seascn. Table 4.4 gives an idea of the size and composi-
tion of the labour input in several savanna crops. On the light soils of Senegal,
where a deep cultivation of the soil before cropping is usually not practised,
the input in land preparation and planting is comparatively low. The labour
input is much higher in the classical hoe-farming arcas of Sukumaland,
where careful ridge cultivation is practised. Almost 400 hours per hectare are
required for land preparation under these circumstances. The cultivated
area varies accordingly. 6-8 hectares of crops is the average figure per house-
hold in Senegal, while 3 hectares is the norm in Sukumaland.

A significant change in the work situation is brought about by the intro-
duction of the ox plough, which is technically possible wherever areas with
a fallow vegetation of gras; have been de-stumped. First and foremost, it
eases the burden of work "y relieving the hard toil of land cultivation. At
the same time, fields of mostly regular rectangular shape are formed, the size
of fields increases, and the cropped area is expanded at the expense of the
fallow (see Table 4.5). Where the ox plough is not combined with the ox-
drawn weeder and row cultivation, as, for example, in cotton cropping in
Sukumaland, the labour economy in cultivation may easily be cancelled out
by the greater work required for weeding. For the full success of animal
traction, to obtain the greatest possible reduction in the work-load, the ox-
drawn weeder and cart, as well as the plough, are necessary. The great re-
duction of labour input in groundnut cultivation in Senegal stems from this
combination (see Table 4.4).

A further feature of this land-use system is the seasonal nature of labour
demand. In shifting systems, the task of clearing does not have the same rigid
timetable as has cultivation for the semi-permanent cultivator. He must wait



Crop
Location
Country
Year

Land preparation

planting (hours ha™')
Weeding (hours ha™?)

Harvesting and
preparation for sa
(hours ha™?)

Total (hours ha™?)

TABLE 4.4

Labour input in typical savanna crops

Groundnut®
Kaolack
Senegal
1966

and
169
376

le
210
755

Hoe cultivation
Millet® Maize® Maize-sorghum?®
n.a. n.a. Sukumaland
Upper Volta  Upper Volta  Tanzania

n.a. n.a. 1963

88 152 390
180 252 250
208 64 300
476 468 940

Cotton®
Sukumaland
Tanzania
1963

370
430

690
1490

Ox-plough cultivation

Groundnut*®
Kaolack
Senegal

1965

136
110

210
456

Cotton®
Sukumatand
Tanzania
1963

120
700

700
1520

Sources: ® Bureau pour le développemenl dela produclion agricole (1965, p- 27).
® Bureau pour le développement de 12 production agricole (1965, pp- 214, 238).

< Rotenhan (

1968, table 6, p. 75)-

a Bureau pour le déeveloppement d

e la produclion agricole (1965, p- 35)-
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TABLE 4.5

Characteristics of hoe and plough regions in Sukumaland, Tanzania

Hoe region Plough region

Ukerewe, Kwimba Shinyanga

Basic method Ridge cultivation Flat cultivation
Shape of ficlds Irregular Regular
Average size of fields (ha) 05 09
Cultivated area per farm (ha) 24 33
Area cultivated per worker (ha) 07 I-3

Source: Rolenhan (1968, p. 56).

until the beginning of the rainy season to cultivate, whereas the shifting
cultivator can carry out clearance work in the dry season. Over and above
this, there are sometimes certain jobs that are fixed to a timetable and require
a heavy labour input in weeding and often in harvesting. Such is the case,
for example, with groundnuts. As Fig. 4.5 shows, both in Sukumaland and
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Fi1G.4.5. Seasonal distribution of field work in semi-permanent farming systems of Tanzania
and Senegal (from Lacombe-Orlhac 1967, annex I; Rotenhan 1968, p. 63). (a) Cotton-
millet holdings in Sukumaland, Tanzania. (b) Groundnut-millet holdings in Senegal.
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Senegal 90 per cent of the field work is concentrated into six months, and
50-60 per cent in only three of those months. Since ficld work, apart from
herding of cattle, is almost the total work of the holding, considerable under-
employment occurs during the remaining months. In this connection, we
must bear in mind that the number of work-hours per day does not give a
satisfactory idea of the different labour demands. In seasons of peak demand
on labour, performance per hour is considerably higher.

Finally, it should be pointed out that the labour economy of partly com-
mercialized, semi-permanent systems is usually far removed from the uni-
formity of traditional subsistence farming. Differences in the man to land
ratio, differences in the choice of crops and the adoption of innovations,
different access to development services, and different opportunities for cash
cropping—these factors all combine to bring about a wide variation in the
size of enterprises and in the smallholders’ performance within a given loca-
tion. In most semi-permanent systems, only a few hectares are cultivated and
a few animals kept, i.e. the size of agricultural enterprise is rather small.
Tliis, however, does not mean that the average area cultivated by each family
or each worker is about the same. Within each type of farming, even wher=
land is still ample, we find striking differences as to the area cultivated per
family and per member of the available labour force. The equality that
characterizes traditional shifting systems, in which each family cultivates
only what is required to cover subsistence needs and cveryone uses the same
practices, no longer exists. Within semi-permanent cultivation systems, we
find larger and smaller units, richer and poorer families. The differentiation
in cropping is the inore noticeable the greater the extent of land shortage
and the higher the degree of commercialization.

Even more pronounced are the variations in performance. On average the
hours of field work per available man-equivalent are low. There are, however,
wide fluctuations in the input of work per hectare and returns per hour of
work within the range of producticn possibilitics offered by a semi-permanent
system. Farm-managerial ability, paiticularly in cash cropping, is one of the
major factors differentiating progressive producers from others. The explana-
tion is an obvious one: semi-permanent cultivators differ widely, much more
than shifting cultivators, as to their physical cffort, their drive, and their
knowledge.

4.4. Two case studies
4.4.1. Semi-permanent farming in the subhumid savanna: rice holdings in the
Kilombero Valley, Tanzania
The Kilombero Valley in Tanzania is warm and humid, receiving 1200~
2000 millimetres of rain annually. Most of the valley is flooded every year.
The vegetation on the heavy, black-cotton soil (‘mbuga’) of the plain consists
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TABLE 4.6
Farm-management data of semi-permanent holdings
Location Kilombero Vailey Sukumaland
Kiberege Strip Kwimba Shinyanga

Rainfall (mm) 1400 800 600
Type of farming Rice Cotton-maize  Cotton-sorchum
Year 1964 1963 1963
Method Sample Sample Sample
Number of holdings 14 25 25
Persons per holding 55 66 59
Workers per holding (ME) 27 30 35
Size of holding (ha)* 3-8 70 85
Area cultivated (ha) 2:2 23 33

Cotton — 1-0 1-5

Food crops 21 13 1-8
Cropping index® 58% 33% 39%
Yields
Cotton (kg ha~?) - 641 956
Livestock per holding
Cattle —_ 12 19
Goats and sheep 3 10 14
Economic return (per holding)
Casls crops na. 88 190
Food crops n.a. 61 84
Gross return from cropping 125 149 274
Gross return from livestock n.a. 57 67
Total gross return 125 206 341
Less costs of purchased inputs 15 8 15
Income 110 198 326
Less wages — 4 15
Family income 110 194 31
Degree of commercialization
(sales as % of total gross return) 16 4] 47
Productivity
Hours of field work per ME ~ 1014° 709 857
Hours of field work per ha 1250¢ 842 614
Hectares cultivated per ME 0-81°¢ 077 094
Gross return ($/ha cultivated)® 57 90 103
Gross return (¢ ME~?) 46 69 97
Value added® ($/ha cultivated) 50 86 99
Value added (8 ME-?) 41 66 93

* Areas over which the farmer has a right of usage.

® Percentage of occupied and arable jand that is cropped.

¢ Four holdings only.

¢ The comparability is limited because of livestock returns which are not derived from
cultivated area. .

® Value added = income in smallholdings (gross return minus purchased inputs) = net
return + wages, salaries, taxes, etc., on large farms.

Sources: Baum (1968, p. 40); Rotenhan (1968, p- 55).
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mainly of elephant grass. Most of the valley is empty or thinly populated.
The population is concentrated in the Kiberege Strip, lying on the western
side of the valley, which throughout the year has access to a road, and there-
fore to a market. Higher population density along the road has given rise to
the transition from shifting to semi-permanent cultivation. The concentration
of population has brought about a relative shortage of land. The right of use
is strictly observed even for fallow land.

In a pilot study of fourteen holdings, the total average arable area amounted to
3-8 hectares, of which 2-2 hectares (57 per cent) were cropped each year. Land is
brought into cultivation in the sequence grass clearance-burning-'1ceing~broadcast
sowing of rice. Two or three years of rice, followed by the same period of fallow,
is the normal rotation. The encroachment of grass into the field is the main reason
for fallowing. Rice cultivation, with yields of about 10 quintals per hectare, is
supplemenicd by manioc or wet-season aize, beans, and sweet potatoes. Housing
has become stationary, Bananas and papayas are grown near the hut, and the
older the settlement the higher and larger are the mango and coconut groves nearby.
Livestork is restricted to a few goats, sheep, and chickens, and the presence of the
tsetse fly has hitherto prevented cattle-keeping from being introduced. Table 4.6
shows the econainic returns from this type of farming. The gross return from crop-
ping amounts to $125, with a labour input of 2750 hours of field work per annum,
resulting in a gross return per work-hour of about $0.05. Only a small part, 16 per
cent of the gross return, is sold. These are therefore typically subsistence holdings.

4.4.2, Unregulated ley farming in the drier savanna: cotton-maize-millet
holdings in Sukumaland, Tanzania

An example of arable farming in the drier savanna is the Wasukuma’s
land use in the cultivation steppe to the south of Lake Victoria which has a
rainfall of 600-800 millimetres during the six-month rainy season. A typical
Sukuma farm is a strip of 1and stretching from the top of a hill to the bottom
of a valley, which includes different types of soil carrying different crops (see
Figs. 4.1 and 4.6).

Cropping per holding amounts to 2:3 hectares annually and takes up about half
the land available for cultivation. 1-1-5 hectares are cropped with cotton. 1-5-2
hectares carry maize, sorghuiu, legumes, and manioc for personal consumption.
Rice and sweet potatoes are cropped on separate piots in the valley bottoms. The
different ways in which the lund is used are the result less of rotating various crops
than of successively cropping the plant or plant mixture that thrives best on the
particular soils until the yields decline. The last crops to be grown are manioc and
millets, and then the land goes back to grass and the plot becomes grazing fallow
for a number of years. Normally six to eight years of fallow succeed six to eight
years of cropping.

The holdings are defined by clear boundaries, which are frequently sisal hedges,
whose leaves are processed in the off-season. In some parts of Sukumaland, clearly
recognizable field boundaries have already been developed, in addition to the fixed
holding boundaries. The soil is still cultivated for the most part with the hoe.
Cotton and crops for home consumption are planted in ridges 1-3-15 metres apart.
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In the north-eastern and southern border areas, ox ploughs are increasingly used.
In some areas, tractor ploughing has been introduced.

A holding normally has 7-8 livestock units it the form of 11 Zebu cattle, 4 sheep,
4 goats, and a number of chickens. Thanks to a variety of soil types, the Wasukuma
have a natural system of fodder supply. In the dry season, from the end of June to
the beginning of October, the wide valley bottoms ('mbuga’), where a Ict of fodder
grows, lose their swampy character and can be grazed. In the rainy season the
fallow land is grazed. Households that possess a larger number of livestock arrrge
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FiG. 4.6. Land use in a Sukuma holding, Tanzania (from Ludwig 1967, p. 104),

for sc ne of the animals to be grazed in remoter steppe areas, However, arable
farming and animal husbandry are not integrated. The livestock is fed on pastures,
fallow, and harvest residues. Cattle dung from the kraals is not utilized unless the
kraal is shifted and a garden is laid out on the old site, Mineral fertilizer is being
applied increasingly to cotton.

Rotenhan (1968; see Table 4.6) estimates the average gross return of a holding
0 be $206-341. T'.e costs for purchased inputs and wages are small; the family
income comes to only slightly less than the gross value of production. There is an

income of $66-93 for 709-857 hours of field labour per worker, i.e. $0.09-0.10 per
hour of work.

4.5. Weaknesses of the system

Semi-permanent cultivation in partly commercialized holdings is dis-
tinguished from shifting systems both by more intensive land use and by the
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t thet technical innovations can be more easily applied. People live in
tionary housing with permanent gardens. New varieties and production
sthods can make headway, especially where a major cash crop is grown,
- cotton or groundnuts. Cultivation with ploughs is possible where the
{low vegetation consists of grass. At the same time, the first steps are being
ken in investing labour in plantations of perennial crops, permanent roads,

nd other long-term capital works.

5.1, The tendency towards soil mining

Desrite these devclopment advantages, a number of basic drawbacks
hould be noted. The main problems are those of maintaining soil fertility.
Manuring with animal dung and fodder cropping are exceptional, and the
»ffectiveness of mineral fertilizers is usually marginal because of unfavourable
price relations and short-comings in husbandry, particularly in weeding.
Other things being equal, the yields per hectare are often less than in shifting
systems. At the same time, in many areas, especially where the plough has
replaced the hoe, erosion damage is on the increase. Normally semi-perma-
nent cultivation does not constitute a stable system of land use, since it
generally amounts to either rapid or gradual forms of soil mining, especially
in the drier savannas.

4.5.2. Degeneration of the livestock economy

Another conspicuous aspect of semi-permanent systems is the degeneration
of the livestock economy once grazing becomes scarce. Static animal-
husbandry practices withir a changing farming system almost inevitably lead
to problems. As Jong as there is sufficient grazing land available, the herds
per family are of good size and the cattle are well fed. An increase in the
area needed for arable farming necessitates a reduction of the grazing area.
Simultaneously, the proceeds from crop farming are partly being invested
in cattle, in order to gain security and status. The results are an increase in
the cattle population and 2 reduction in the grazing area, causing comple-
mentary damage. The condition of the cattle deteriorates and erosion in-
creases, On over-grazed land, a high proportion of the rain runs off as flash
floods. Over-grazing encourages the thickening of bush, particularly those
species on which livestock do not browse. Thus in the long run over-grazing
reduces the carrying capacity of the grazing area, reduces the length and the
effectiveness of the fallow period, and increases the amount of clearance
work.

The practice of unorganized communal grazing is at the root of the prob-
lem. Usually everybody has the right to graze all his cattle on the available
grazing, including the fallows. No improvement of the grazing economy is of
value, however, unless the stock numbers are limited to the carrying capacity
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of the grazing land, and unless the movement of stock within any given arca
is controlled by a rotational grazing system.

4.5.3. Bottlenecks in the labour economy

In most semi-pcrmanent farming systems only about one-third to two-
thirds of ihe available labour capacity is absorbed in field work. Nevertheless,
cultivators almost everywhere, regardless of the degree of underemployment,
unanimously feel that labour shortage is the most important factor limiting
output. When asked about this, they almost invariably argue that they would
like to produce more and earn more, but they are not in a position either to
cultivate larger areas, or to change to labour-demanding crops, or to cultivate,
plant, weed, and harvest in time. or to increase the labour input per hectare
of a given crop, because there is not enough free family labour available
during the relevant weeks, and there arc not enough funds to pay hired
labour. Much, if not most, of the cultivated land is neit.er planted nor
weeded according to a timetable that would maximize yields.

The fact that important labour shortages within family holdings and a
high degree of underemployment go hand in hand may be traced back to a
number of major factors:

(1) It is well known that labour peaks in agriculture, particularly with
arable crops, occur seasonally. The Wasukuma, for instance, have a great
deal of work to do between December and April. In the second half of the
summer there is no field work at all.

(2) Agricultural work is not the only work that has to be performed in
smallholdings. In fourteen cotton-maize holdings in Machakos District,
Kenya, Heyer (1965) established that on average throughout the year the
relation of work-hours on the land to household work is 1 to 1.7, i.e.
general household work is much more time consuming than field work.
(3) The labour capacity of the various persons in the household is not
utilized equally, because of traditional concepts of the way in which work
is divided between men and women. It may be, for instance, that the
women cannot weed in time because the work connected with the house-
hold demands too much attention. On the other hand, the men who are
unemployed at this time do not consider that tending the food crops should
be part of their work.

(4) Another important factor is the low efficiency per hour of work. This
is caused for one thing by unsuitable hand implements. In Sukumaland,
for instance, the weeds are hoed with the sarne hoe that is used for ridging.
The usual hoe is well adapted to the latter activity, but not at all to the
former. In addition, smallholders are accustomed to making a concentra-
ted, sustained effort only in connection with a few procedures, such as
felling, clearing, and hoe cultivation. The other jobs have traditionally
been done in a leisurely manner.
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Finally, the extent of underemployment is calculated according to

ns of working hours per year and per man-equivalent. The small-
jers who refer to difficulties in the labour economy are naturally not
iliar with such norms. Many of them do not accomplish more work
;ause they regard a five-hour day, even at planting time, as a complete
lization ¢~ :heir working capacity.

{any of the problems of the labour economy in semi-permanent land use
e because these systems are a transitional phase between shifting and
manent land use. The advances in the labour economy that are character-
¢ of permanent arable farming—row cultivation, ploughing, mechanical
eding, proper farm layout, and so or—have not yet been introduced on
large scale. Usually the transition to cash cropping, with its consequent
bour demands, takes place within a fairly short period, before the farmers
re accustomed to longer hours of work per day. On the other hand, the
ropping areas are relatively large, and the labour requirement is seasonal.
Consequently, there is a lively interest among semi-permanent cultivators in
labour-saving innovations, even more than in yield-increasing innovations.
Farmers in Sukumaland do not generally change from hoe work to ox
ploughing to gain higher returns, but to replace hard work with the hoe by
easier work with the plough. Particularly striking is the general interest in
tractors. Wherever finance is available, and the return per hectare high
enough to justify tractor ploughing, smailholders endeavour to buy tractors
or to hire tractor services.

4.6. Development paths of semi-permanent systems
and unregulated ley systems

Production increase in semi-permanent land-use systems normally results
from extending the crop area by clearing the land in neighbouring extension
areas and from reducing the fallow area. It is most obvious that measures
must be introduced that will lead to higher returns per hectare if involution
is not to replace evolution. Classification of the possibilities for higher returns
per hectare entails differentiation between innovations that give rise to
improved semi-permanent systems, and new combinations that eventually
create other, more productive systems.

4.6.1. Improved systems

In considering field cultivation, we inust emphasize the supreme importance
of better husbandry. Established routines of work, which might have been
the best in shifting systems, are still practised in semi-permanent systems,
although the actual farming is more intensive. Consequently, there is much
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scope for better husbandry. The main short-comings in husbandry that
could be at least partially remedied are usually the following:

(1) Bottlenecks in the labour economy often result in late planting.

(2) Most farmers tend to use plant spacing that is greater than is advisable.
They aim at robust individual plants and overlook the advantages of an
optimum plant density.

(3) No other factor is as much to blame for poor yields as late weeding.
This can be only partly explained by labour problems. Probably farmers
would harvest more if they planted smalier plots and devoted more care
to weeding.

(4) There is further scope for the introduction of new varieties. The culti-
vation of better-yielding types of cotton and groundnuts brought notice-
able successes in a number of cascs.

(5) The lack of field roads and carts makes the application of kraal
manure difficult. This makes the introduction of mineral fertilizers all the
more relevant in some locations.

(6) Few other measures promise such great increases in returns in relation
to the additional costs as the supplementation of the plough by an ox-
drawn weeder, in conjunction with the introduction of row cultivation.
(7) The quality of ploughing with oxen is very poor even where ploughs
are used. Proper ploughing would not only raise yields, but would also
significantly reduce the weeding task.

(8) Where it is felt to be worth-while to keep tractors, very real improve-
ments are possible, especially timely cultivation, the better ploughing-in of
weeds, deeper ploughing, and more effective use of mineral fertilizers.
(9) In areas infested by the tsetse fly, the introduction of N’dama breeds,
which are resistant to trypanosomes should be considered, in order to
reap the benefits that cattle may bring.

Semi-permanent land-use systems as 2 whole represent & promising step
towards introducing technical innovations into farming witi. fallows, and
therefore towards agricultural development. The scope for application of
innovations is incomparably greater than in shifting systems.

4.6.2. Change towards more intensive types of farming

In most semi-permanent land-use systems, grass or bush vegetation grows
in the fallow period and is then grazed. It is therefore natural to seek the
solution to the problem caused by soil mining in semi-permanent farming
through the change-over from unregulated to regulated ley systems. This
involves replacement of the several years of fallow, with their natural rege er-
ation of grass and bush, by deliberate cultivation of a plant or plant mixture
which is more productive than the fallow vegetation, regenerates sl fertility,
and allows plough cultivation. However, the ecoacruics of ley farming in the
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tropics are not yet proved, and short-term leys in the drier areas are very
unlikely to maintain fertility without liberal additions of fertilizers or manure
(see §5.6).

The expense of such a fundamental change in the farming system should
also be borne in mind. Ley systems call for considerable investment in
clearing, livestock, fences, implements, carts, tracks, and buildings. The cost
of draught oxen and their necessary accessories alone amounts to two or
three times as much as the gross annual earnings from these holdings.
Another pre-condition for regulated ley farming is land consolidation.
Holdings have to be in one block, with fields large enough for plough cultiva-
tion.

The fact that a ‘technological jump’ must be made presents further ob-
stacles. In the holdings in Sukumaland mentioned above & whole series of
innovations have to be adopted in combination if success is to follow, and
the same applies to most semi-permanent systems. It is simply not enough to
encourage the use of ox-carts to take animal manure from the kraals to the
fields, since the tracks also have to exist. But since there are none, unpaid
communal work is necessary to build them.

Farmers can scarcely be expected to establish leys and buy seeds and
mineral fertilizer for them without oblaining a direct economic return.
Keeping dairy animals again necessitates the harvest, transport, and storage
of fodder, correct feeding, and, above all, keeping the animals healthy. The
problems that are raised can in general be solved technically, but the eco-
nomics are usually marginal. The producer’s prices are mostly too low to be a
sufficient incentive to change. The technological jump can, moreover, scarcely
be accomplished by an individual without the consent or the active support
of the group, and this further complicates the issue. Profitable dairy farming
involves keeping breeds with a high milk yield, maintaining their health,
and making available suitable male animals or semen. The effectiveness of
the necessary v<::rinary care on a single farm is doubtful unless neighbouring
animals are also treated. Fodder cropping clashes with traditional rights,
because the fallow pasturage has been available for everybody's animals for
generations. Thus, for anycie wanting to crop fodder plants on the fallow
it is necessary for the others to agree to renounce their grazing rights. It is
generally the case that recommendations for a transfer to regulated ley
systems with dairying, fodder cropping, dung and mineral manuring, etc.,
can be expected to s.ceed only where there has been a land shortage for a
number of decades. Where there is no such pressure, there is little desire to
change, especially as, cven with the continuing loss of soil fertility, farmers
can still gain a comparatively high income.

Another way of introducing stable systems of rain-fed farming is through
settlements under close supervision. Farmers taking part in a settlement plan
have to obey the project leader in matters concerning rotations, fertilizing,

7
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animal-keeping, fodder, veterinary supervision, and so on. The lack of
knowledge and finance that prevent the individual from making the leap into
proper ley farming are counteracted in the settlement by the rules of the
supervisor and the credit afforded by the supporters of the scttlement. In
Africa, south of the Sahara, there are numerous examples of this kind of
approach to the modernization of agriculture, but they usually reveal an
unsatisfactory ratio between input and yield. Most settlements need con-
tinual financial support, or they are abandoned after a few years. The reasons
are usually quite straightforward: on the one hand, the cost of personnel for
supervision is high; on the other hand, the land that is mostly used is capable
of producing only moderate yields. Close supervision, v/hich can be rewarding
in irrigation agriculture and with certain perennial crops, is normally not
worth while with ley systems, unless cash crops with a high return per unit
of area, like tobacco, can be cultivated. Given this situation, for the time
being probably nothing can be done but to accept forms of semi-permanent
cultivation that are detrimental to soil preservation. The long-term hope is
that increasing - ..amercialization will demonstrate more and more clearly
the inadequacy of the system and create enough incentive for the farmers to
remedy the situation. It is very possible that the judgment of Rounce (1949)
applies generally to semi-permanent cultivation. He rvrote about Sukuma-
land: ‘A situation of overpopulated villages and impoverished soils must be
passed before better husbandry can spread’ (quoted from Rotenhan 1966,
p. 52).



5. Syst

5.1. Definition

WE speak of a regulated ley system where several years of arable cropping
are followed by several years of ley. In British nomenclature, only those fields
that are deliberately planted to grass, clover, or lucerne are normally con-
sidered as ley. This, however, is too narrow a definition for the tropics. The
German nomenclature, where the word ‘ley’ is used wherever several years
of arable cropping are followed by several years of grass and clover utilized
for livestock production, is preferable. A distinction is then made between
unregulated and regulated ley systems. Unregulated ley systems in the
tropics are characterized by a natural fallow vegetation of various grass
species, a certain amount of bush growth on the pasture, communal grazing,
and a lack of pasture management, all of which make such systems often
more akin to short-term fallow systems than to regulated luy systems. Indi-
vidual grazing, fencing, pasture management, and rotational use of the
grassland are the usual characteristics of regulated ley systems. The seeding
or planting of grass leys, the production of hay or silage, and the application
of mineral fertilizer are indicators of intensive types. Ley systems show a
more or less regular alternation between arable farming and leys. The sum
of the arable years and the ley years tells us the rotation cycle. The leys may
be used either for grazing or as meadows producing roughage for stabled
cattle. Tn o'most all tropical ley systems both regulated and unregulated
grazing are practised. It should be noted, however, that the border line
between unregulated and regulated systems is often difficult to draw.

5.2. Types of ley farming and their geographical
distribution
Regulated ley systems, which are widespread in the subtropics of the
northern and southern hemisphere, are rare in the tropics. Those that do
occur are more or less restricted to areas that show one or more special
features, namely:

(1) Those where vigorous growth of palatable grasses is possible.
83
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(2) Those where the dependence on the long-fallow system is not pro-
nounced, i.e. where relatively few years of grass are sufficient to restore soil
fertility.

(3) Those where land becomes so scarce that intensification is required
beyond permanent grazing or unregulated ley farming, yet is not so scarce
that permanent cropping is necessary.

(4) Those where the health risks of intensive animal-keeping are compara-
tively low.

(5) Those where price relations favour intensive forms of meat and milk
production.

(6) Those where sufficient draught animals or tractors are available to
plough the leys.

(7) Those where farmers have sufficient knowledge and capital to organise
a proper fodder economy over the year.

These conditions are often to be found in high-altitude large-farm areas. In
addition, some types of regulated ley farming have developed in the drier
savannas, but ley systems in the humid tropics are still in the experimental
stage.

The organization of ley systems is closely related to farm size. We can
therefore classify the main forms into three principal groups.

5.2.1. Regulated ley systems in traditional smallholder areas

There are but few cases where the evolution of indigenous farming leads
to regulated ley systems. A noteworthy exception is the land system of the
Serere in Senegal, where cropping and grazing are systematically alternated.
Even more important is the ley system in the highlands of Ethiopia, where
the vigorous growth of palatable grasses, the use of the horse-drawn or ox-
drawn plough, and permanent rights of land-ownership seem to have been
the Jdecisive factors that induced the change from unregulated to regulated
ley farming. A unique feature of the Ethiopian lcy system is the cultivation
of a Festuceae called teffl (Eragrostis abyssinica). Teff is a grain crop which
supplies a highly appreciated food. Agronomically, however, it is much more
a ley grass than a grain crop, combining as it does the soil-restoring and
fodder-producing properties of a ley grass with food production.!

In other African areas, ley farming has been introduced through the
development efforts of various agricultural extension departments. Cases in
point are the economically important ley systems in the Kano Plains, Nigeria,
in medium-altitude areas of Uganda (Teso system), and in high-altitude
areas of Kenya.

) The following rotation cycle, with six arable and six ley years, which is practised in the
area around P 7 in the Ethiopian highlands, actually comprises eight years of prass,

because of the presence of teff in the rotation: teff-maize-nigerseed (Quireta abyssinica)-
tefl-maize-niger:zed-six years of unimproved leys.
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The intensification and modernization of the arable activities in these land-
use systems is, however, not usually accompanied by improved animal
husbandry. Unimproved local breeds are kept. Fodder production on the
leys is rather low and unevenly distributed over the year. The return of meat
and milk per hectare and per inadequately fed head of livestock is low as well.
Noteworthy exceptions are some traditional smallholder areas in Kenya
with intensive dairy production based on grade cattle (see MacArthur 1964).

5.2.2. Regulated ley systems in settlement schemes

The African savannas are literally dotted with settlement schemes, most
of which aim at the introduction of regulated ley systems and modern animal
husbandry. The organization of production within settlements is usually con-
sidered as an instrument for introducing the complete set of innovations that
is required for the jump into a new and demanding technology. In the Kenya
highlands, settlement of ex-European farms and estates led to the establish-
ment of numerous smallholdings with ley farming and intensive milk pro-
duction as major planning objectives, which achieved a certain degree of
success. However, few of the numerous smaller settlement schemes, which
are to be found in medium-altitude and low-altitude areas of East and West
Africa, and which were planned to incorporate mixed farming with leys,
have proved to be successful in either a technical or an economic sense. They
may be considered worthwhile pilot schemes, but cannot yet be regarded as
economically viable and established farming systems.

5.2.3. Regulated ley systems in large Sfarms

Most established ley systems are found on large, mechanized farms, pri-
marily because the use of the tractor is possible only with a complete clearance
of bush and stumps, i.e. it requires a fallow vegetation of grass. Furthermore,
the profitability of the leys depends on modern forms of animal husbandry,
which are much more easily introduced in large than in small farms.

The following examples of large-farm ley systems arc among the most
important:

(1) The tobacco farms in the drier African savanna of Zambia and Rho-

desia are largely based on leys. The prime objective of the ley is not to

produce fodder but to free the soil from nematodes.

(2) In the Kenya highlands, wheat, pyrethrum, sheep, and beef and dairy

cattle are the main branches of activity in large modern ley farms (Mac-

Arthur and England 1963). Less evolved ley systems are to be found in the

highlands of Angola and Mozambique (Possinger 1967).

(3) Numerous varied types of regulated ley farm are to be found in South

and Central America, mainly in the humid savannas. Sugar-cane growers

in Cuba put leys between two sequences of sugar-cane for rotational reasons
and in order to ease peaks in labour demand. Coffee growers in southern
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Brazil cultivate some of their crop lands within ley systems, because
dairying has become a paying proposition. In addition, there are a great
number of ley systems at various altitudes in the Andes.

(4) Irrigated land in sparsely populated areas is occasionally farmed along
the lines of a ley system. A case in point is the combination of two to three
years of rice followed by five to ten years of irrigated pasture in New
South Wales, Australia.

5.3. General characteristics of regulated ley systems

5.3.1. Principles of crop and ley management

Cropping becomes clearer and more uniform as farming is carried on
within clearly demarcated fields. The various distinct patterns in the spatial
organization of cropping that we find in shifting and semi-permanent systems
are rarely found in proper ley systems. Fields are more uniformly cultivated,
and planted predominantly in pure stands. Pseudc-rotations, with over-
lapping Larvests and planting dates, are replaced by clear-cut crop rotations.
Nutrient concentration around the homestead is uncommon because of the
available transport facilities (carts, tractors, field roads) on the one hand, and
because of the preference for night grazing on the other.

The relevant farm-management features are rather different from those of
unregulated ley systems. In the analysis of regulated ley systems, the following
aspects are of most importance:

(a) The ratio of arable years 1o ley years or of ley area to crop area is an
indicator of the intensity of land use. "n general, the number of grass years is
relatively high and the ley system cxtensive where:

(1) soils are heavy and wet, as they frequently are in some high-altitude
areas;

(2) crop yields are uncertain, as in the drier savannas;

(3) the land has steep slopes;

(4) labour is expensive; and

(5) price conditions are more favourable to stock-keeping than to arable
farming,

(b) The cycle of arable and grass years. Long-term cycles between cropping
and grass years are indicative of extensively organized ley systems. Short-
term cycles occur principally where the holding has a relatively large amount
of permanent grazing and where, therefore, the livestock economy is not
absolutely dependent on the fodder contribution from the leys. On the other
hand, long-term cycles are preferred:

(1) on heavy soils;
(2) where traction power for ploughing the ley is scarce; and
(3) where establishing leys is expensive.
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The number of ley years depends, morcover, on the choice of the grasses and
legumes grown.

(c) The intensity of cropping. In temperate climates the management of leys
and stock exercises a great influence on the pattern of arable farming within
the holding. In most tropical ley systems these interactions are less pro-
nounced. The main emphasis is usually on cash crops during the arable years.
In addition, some arable fodder is grown to bridge the dry season. Otherwise,
cropping and the use of the leys are two distinct activities.

(d) The intensity of ley management. This varies widely. As far as ley
establishmnent is concerned, the following systems are distinguishable:

(1) Often a sign of extensive ley farming is a natural grass regeneration.
This, however, may not be true where grass growth is prolific. In the high-
lands of Kenya and Ethiopia, naturally regenerated grass is found even in
comparatively intensively farmed holdings. Smallholders rely almost
entirely on natural grass regeneration.

(2) Ley establishment by the sowing of grass seed is in general restricted
to large holdings.

(3) A number of especially productive grasses, e.g. I *kuyu grass and ele-
phant grass, are always established by the planting of vegetation material,
not seeds. Planting is also the usual practice where (for example in the
highlands of iCenya) the change is made in smallholdings from naturally
to artificially established swards. In any case, planting depends on the
availability of ample labour.

(4) Ley systems achieve the highest productivity where it is possible to
sow clover-grass mixtures.

Leys can be distinguished on the basis of management according to:

(1) whether the leys are fenced;
(2) whether rotational grazing is practised; and
(3) the intensity of labour input in grassland nianagement.

The usual way in which leys are used is for grazing. In some cases grass is
also cut to make hay or silage. In the tropical highlands, however, hay-
making suffers because of the heavy dew, or because it coincides with the
rainy season. Thus, it is usually more advantageous to meet the fodder re-
quirement with roughage and silage.

5.3.2. Characteristics of the fertilizer economy

The continuity of cropping in ley systems is usually built on the soil-
conserving and fertility-regenerating capacity of grass leys. Regulated systems
fulfil these functions better than unregulated systems for a number of reasons:

(1) The fencing of leys and the systematic rotation of cropping and grass
reduce the danger of over-grazing and the resulting erosion damage.
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(2) The systematic establishment, management, and use of the leys bring
about a better snil coverage and allow the development of a dense root
system.

(3) Regulated ley systems are occasionally combined with folding systems,
in which there is more manurs because of the more intensive stocking.

(4) Where ley farming is practised with clover-grass mixtures, as for
instance in the highlands of Kenya, not only is there a significant increase
in the quantity and quality of fodder, but an increase in nitrogen fixation
is also brought about.

It should be stressed, however, that the soil-preserving characteristics of
leys as grown in temperate climates or at high altitudes cannot be simply
repeated in medium-altitude and low-altitude tropics. Webster and Wilson
(1967, p. 318) write in this connection:

The grass ley probably has a modest, direct, bencficial effect on the nutrient and
physical status of the surface soil, and, compared with continuous cultivation, a
rotation including a grass break is likely to be advantageous in reducing erosion
and decreasing the incidence of weeds, pests and diseases in the arable crops.
However, unfertilized grass leys are no more effective in maintaining fertility
than are fallows of natural regeneration.

A large number of well-tried clover-grass mixtures have recently been
developed for the subtropics and some tropicai high-altitude areas. In
Australia and Kenya they are already being extensively used. However, there
are to date no correspondingly suitable legumes for incorporation in leys in
low-altitude or medium-altitude tropical areas.

Mineral fertilizing is becoming increasingly important in commercialized
ley holdings with extensive cash cropping. However, in these holdings
mineral fertilizer is used specifically for the cash crops. Only in exceptional
cases so far has mineral fertilizer been used on grass leys.

5.3.3. Characteristics o/ animal husbandry

The obstacles preventing rationalization of the animal economy that are
found in unregulated ley systems with communal grazing exist in regulated
ley systems only where communal grazing is not replaced by definite grazing
rights on each holding. In so far as this has occurred, there is a tendency for
more intensive forms of animal husbandry to be employed, whereby the
production of beef and heifers tends to be of primary importance on large
holdings, and milk production on small holdings.

Regulated ley systems frequently show advanced husbandry practices. On
settlement schemes and large farms, we usually find improved or grade
cattle and planned breeding programmes. Whereas semi-permanent cultiva-
tors keep their animals overnight in a kraal with fencing, in regulated ley
systems night grazing is possible, and the need to walk long distances from
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the kraal to the grazing areas and water is thus obviated. Furthermore,
fencing makes it possible to graze calves, heifers, and cows separately.
Another characteristic of regulated ley systems is the more intensive fodder
economy: rotational grazing and arable fodder production are standard
procedures. However, the use of concentrates, which is important in tropical
systems with permanent arable farming, plays a lesser role in ley systems.

The tropical highlands with sufficient rainfall afford especially favourable
conditions for low-cost animal production in regulated ley systems. It is much
easier and cheaper to keep grade animals healthy in the cool mountain areas
than in hotter climates, When the rainfall is evenly distributed, the cattle may
graze almost all the year. Arable fodder rmight provide some additional
roughage in a dry spell. A good example of low-cost animal production in
regulated ley systems occurs in the large-farm economy of some parts of the
Kenya Highlands.

5.3.4. Characteristics of the labour economy

Whereas unregulated ley systems are mainly hoe economies, in regulated
systems we find plough cultivation, largely because of the traction power
required to plough the leys. Where the holdings are too small to keep draught
animals or tractors, ploughing is usually undertaken by a contractor, as for
example is widely practised in Kenya.

Ley systems as a whole may require a low labour input per unit of output
in relation to other farming systems. The weeds that grow on arable land
are suppressed during the grass years. In fact, the labour input in weeding
is very often less than in systems with permanent farming. Whereas the
clearance work in unregulated systems has still to be done largely with the
hoe, in regulated systems the sward is broken with the plough. In most areas
the use of teactors in ley systems becomes a financially viable proposition.
A further important point is that work in animal husbandry involves the
relatively regular employment of labour.

5.4. Threo case studies

5.4.1. Tobacco farms in Rhoresia

The tobacco holdings of the Sand Veld in Rhodesia show the evolution of
shifting cultivation t0 regulated ley farming within a few decades. They
normally cover a total area of approximately 1000 hectares, of which one-
half to two-thirds is regarded as suitable for arable farming, but only a part
of this is suitable for tobacco.

In the case of the holding depicted in Table 5.1, the tobacco area amounts to 35
hectares, with 22 hectares of maize and 5 hectares of beans. The rest of the holding
is grazed by a herd of cattle, as is comraon in these holdings. Virginia tobacco is
the mainstay of the farm economy: it requires a high labour input and is technically
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difficult to produce, but it yields harvest of 1000 kilograms, worth $1000, of dried
tobacco per hectare. In the sample case, tobacco constitutes practically the only
cash product. Maize, beans, and cattle are used mainly for p=yments in kind to farm

workers.

TABLE 5.1

Farm-management data from a tobacco holding in Rhodesia

Rainfall (mm)

Type of farming Tobacco-holding
Year 1962-3
Method Model
Workers (ME) 4gs.b
Size of holding (ha) 850
Potential arable land (ha) 600
Area cultivated (ha) 62
Tobacco (ha) * 35
Food crops (ha) 27
Livestock per holding (LU) 90
Yields
Tobacco (kg ha~?) 1000
Tobacco ($ ha-?) 1000
Maize (kg ha~!) 1200
Economic return ($ per holding)
Gross return 38 000°
Tobacco 92%
Cost of material inputs 19950
Machinery 36%
Pesticides, fertilizers, etc. 19%
Income 18 050
Less wages 8550
Profit 9 500
Productivity
Gross return ($/ha potential arable land) 63
Gross return (§/ha cultivated land) 613
Gross return ($ ME-?) 792
Value added ($/ha potential arable land) 30
Value added ($/ha cultivated land) 291
Value added ($ ME—?) 376

* Key: man  19-60 years = 1-00 ME
man  15-19 years = 0-67 ME
woman 19-60 years = 0:67 ME
woman 15-19 years = 0-50 ME
child  10-15 years = 0-25 ME
® One-third of the ME are women and children.
¢ Livestock produce, maize, and beans are mainly used for payments in kind,

Sources: Haviland (1952); Rhodesia Ministry of Agriculture (1963, p. 12).

The chief problem in the farm economy of these heldings is that of achiev-
ing high yields of good-quality tobacco per hectare. For this, not only must
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cropping be carried out in a technically correct way, but fertile soils must be
prepared—fertility meaning in this case less the presence of nutrients than
the absence of nematodes. Tobacco cropping shifted originaily within a
holding covered by ‘Miombo’ forest. Suitable plots were selected, cleared,
used for a number of years, and then abandoned to secondary vegetation.
Elimination of nematodes necessitates either ten years of bush fallow, or
three to four years of ley with grasses that are inimical to nematodes. In
production conditions like these, semi-permanent land use serves as a stage
in the developraent of fully integrated ley systems. In large holdings that
operate tractors, forest clearing includes removal of tree stumps. Tobacco
cropping leaves the soil ready for ploughing and further use. The cultivation
of maize presents & problem, however, because maize produces low harvests
on tobacco soils, and it is also 2 host plant for nematodes. Tobacee 2nd
maize, therefore, must be grown separately on compatible soils within the
holding, Green-manure crops between the years of tobacco prove (o be too
costly and entail a high amount of cultivation. Planted grass is therefore an
attractive and oractical crop for alternation with tobacco. The following
rotations have been developed in consequence:

1) tobacco-tobacco-leys (3-5 years); and
) tobacco-maize~tobacco-leys (3-5 yeal s).

In some holdings, the leys consist of grasses that are not eaten by cattle,
and the only reason for growing them is to eliminate nematodes. But in other
cases the pastures are used as cattle grazing. In these cases the productive
ley replaces a system of deliberately planted fallow vegetation. The combina-
tion of tobacco cropping and cattle-k ping is characterized by a number of
advantages:

d) The holding in any case consists partly of large areas of non-arable
land, which can be used only for grazing.

(2) Cattle husbandry produces comparatively steady returns, whereas the
yields from tobacco cropping fluctuate widely.

(3) The production of beef and its use as payment in kind reduce the wage
cost of tobacco growing.

(4) The labour force, which is used oniy seasonally for tobacco, can be
used in the out-uf-season period for work connected with the livestock
activities.

In large heldings, it is relatively easy to carry out the change-over from
shifting cultivation with tobacco to semi-permanent farming with systematic-
ally established fallow vegetation, and finally to a ley syster. Large-scale
tobacco growers can usually command the necessary capital or credit, and
the knowledge, both of which present major problems for smallholders.
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5.4.2. Large farms in the Kenya highlands

The Kenya highlands are among the few tropical regions where the transi-
tion from unregulated to regulated ley systems is being accomplished with
relative ease. The climate is naturally suitable for the growth of grasses and
for keeping grade cattle. The production potential was first developed on
large farms, but improved practices are now spreading into the smaltholder
areas. Table 5.2 contains the data for large and small farms that are typical
of the area.

TABLE 5.2
Farm-management data from large and small ley farms in the Kenya
highlands
Location Molo-Mau-Narok Nandi
Altitude (m) 2500 2000
Rainfall (mm) 1250 1500
Type of farming Wheat-sheep Milk-maize
Year 1962 1962
Number of farms 20 9
Method Book-keeping Case studies
Size of farm (ha usable land) 435 144
Labour force per farm (ME) 52 1-6%
Labour force per 100 ha usable land 12 11
Land use (ha)
Arable 149 115
Small grain 70% —_
Maize —_ 96%
Pyrethrum 157, 4%
Other arable crops 15% —
Permanent crops —_ 0-18°
Grassland, including leys 285 13-10
Livestock (LU) 263 14-8¢
Bairy animals 31% 50%
Young stock 13% 45%
Sheep 51% 5%
Pigs 5% —_
Farm capital (8) 54 000 1962
Land % 50%
Animals 38% 287,
Buildings 12% 8%
Implements 19% 6%
Yields
Pyrethrum (q ha™") 475 —1
Maize (q ha™') — 16
Wheat/barley (q ha™") 17 —
Milk (kg per cow and year) 1200 1100*
LU/100 ha grassland 92 13
- Pysethrum (§ ha™') 294 -—
Maize ($ ha™?') — 49
Wheat/barley ($ ha™?) 102 -

Livestock products per ha grassland 39 18
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Economic return ($ per holding)

Gross return 29 838 355
Pyrethrum 22% —_
Grain and maize 349, 30%
Milk 9% 8%
Cattle 2% 26%
Sheep 19% —_

Sales as % of gross return 94 62

Costs of material inputs 16 184 128
Implements 42% n.a.
Fertilizers 13% 2%
Concentrates 11% 229,

Income 13 654 227

Location Molo-Mau-Narok Nandi

Wages for hired labour, including payment

in kind 5417 51

Family income! — 176

Profit 8237 —

Productivity

Gross return (ha~') 69 25

Gross return (§ ME-!) 573 222

Value added (§ ha~!) 31 16

Value added (§ ME-?) 263 142

Most farmers work elsewhere some of the time, and get an income from a source outside
the farm—for the most part they have key positions in local government, local cooper-
atives, etc, Seasonal labourers are employed in addition to the above-mentioned per-
manent labour force.

® Young plantations of tea and coffee.

° Of these, 58 LU are grade cattle (Guernsey. Ayrshire, Sahiwal), the remainder being
improved native Zebu cattle.

¢ Young plantations.

® Refers only to grade milk cows.
Only from farming.

Data from: MacArthur and England (1963); MacArthur, 1962-63.

On the large farms depicted in Table 5.2, a third of the land is used for pyre-
thrum,! wheat, and barley. Pyrethrum, with gross yields of more than $250 per
hectare on the one hand, and requiring a high manual labour input on the other, is
the most intensive crop. In terms of area, wheat and barley are the most important,
with yields of 15-20 quintals per hectare and a gross income of $100-150. Grain
cropping is fully mechanized.

Four to six years of cultivation with wheat, pyrethrum, fodder oats, barley, etc.,
are followed sometimes by uaturally established leys, but normally by planted or
sown leys. There are five to ten years of ley before the land is ploughed again and
used for arable cropping. The grass is mainly used for woolled sheep and dairy cattle.

We can see from Table 5.2 that the number of livestock units per 100 hectares
of grassland is lower in the large farms. They nevertheless attain a much higher
output per hectare of grassland, because of improved husbandry techniques and
more cconomic management.

! A daisy-like flower whose blossom is harvested and dried. Pyrethrin, an insecticide, is
extracted from the dried flowers.
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5.4.3. Smallholdings in the Kenya highlands

The returns from the holdings in Nandi District apply to a region where a
traditionally pastoralist tribe has been settled since the turn of the century,
In the 1950s, the Nandi divided up the land, which had hitherto been com-
munally owned and mainly used for grazing, into individual holdings. Since
then, clearly demarcated and fenced holdings of 10-20 hectares have existed.

. Cattle-keeping and maize cropping form the basis of their economy. The
cattle are still predominantly the indigenous Zebus. A great number of low-
quality cattle are kept, which is typical of unimproved cattle husbandry in
Africa. The cattle density, at 113 head per 100 hectares, is far above the
optimum capacity of unfertilized and untended pastures.

The Nandi prefer maize cropping to wheat cropping. The maize is largely
used for home consumption. The yield is more certain than that of wheat,
which may be attacked by rust. Maize can be cropped without costly machi-
nery, and theft can be controlled—which is not always easy in large holdings.
Maize cropping rotates in the grassland. It is ploughed with oxen, and culti-
vated, weeded, and harvested with hand-tools. In recent years, tractor
ploughing has gained ground rapidly. Owing to the combined effect of the
cool climate and the short days that are typical of areas on the equator, the
maize grows slowly and is harvested as much as eight to ten months after
planting. The yields, at 616 quintals per hectare, are very low. The land is
used for only three maize crops, after which the plot is abandoned to natural
grass. Cultivation follows again after an interval of fifteen to twenty
years. Qccasionaily, when the kraal is shifted, maize is planted on manured
land.

An increasing number of Nandi farmers are becoming commercially active.
More and more hybrid maize is being planted. Some farmers plant tea and
sell the leaves to neighbouring tea factories. Attempts to improve animal
husbandry are especially widespread and important. Guernsey, Jersey, and
Ayrshire cows are bought to produce milk, which is sold through cooperative
dairies. Weekly dipping of all cattle as protection against the tick that
carries east coast fever is a usual practice throughout the area. The cows no
longer spend the night in the kraal but on the pastures, where they are able
to graze continuously, especially in the cooler morning and evening hours.
Cows producing a high yield of milk are given concentrates. Artificial insemin-
ation has been introduced. The improvement of the fodder economy goes
hand in hand with improvement of animal husbandry. Use of fencing and
rotational use of the grazing areas are already practised by some farmers.
Here and there, natural grass growth is already being replaced by the sowing
of Rhodes grass or the planting of Kikuyu grass. In some cases, elephant
grass is planted. Already a few farmers produce maize silage as a fodder
reserve for the three-month dry season.
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5.0. Waaknesses of the system

We can see {rom the examples in Kenya that the tropical highlands, where
soil and climate allow good fodder grasses to grow the whole year round,
and where there is organized marketing, provide favourable conditions for
ley farming supporting intensive beel or dairy production. As soon as we
leave the tropical altitudes and enter a warmer climate, however, ley systems
meet with an increasing number of cbstacles:

(1) The fodder value of tropical grasses is usually low.

(2) The obstacles to the keeping of grade cattle multiply. Problems arise
both in keeping the animals healthy and in feeding them. The alternation
of wet and dry scasons means that a lot of attention must be paid to
fodder production and conservation for the dry period.

(3) Comparatively high yields of maize, manioc, sorghum, and other crops
may be set against the increasing difficulties of ley cultivation and cattle
husbandry. In other words, arable farming has a high relative advantage
compared with ley farming.

The warmer the climate becomes, the greater is the technological jump re-
quired by a regulated ley system. In the highlands of Kcnya, at an altitude of
2000 metres, and with a rainfall of more than 1000 millimetres, we find many
examples of a gradual change, even among the smallholders. But as the
altitude decreases, or as the rainfall becomes less and is limiited to the rainy
seasons, we find scarcely any ley systems. A number of reasons account for
this situation.

5.5.1. The low fertility effect of tropical grass leys

Tropical cultivated pastures are generally of grass alone, and frequently of
only one species of grass. Their effect on the yie!d of arable crops is by no
means unequivocally batter than that of natural regeneration. With regard
to their value to the farm economy as a whole, Webster and Wilson (1967,
p- 318) have concluded:

Hence it is ualikely to be worthwhile expending labour and money on planting
grass unless an appreciably better return can be obtained from animal production
on the ley thar from natural regeneration. Furthermore, although increased crop
yields are normally obtained from a grass ley, these increases do not usually
compensate for the loss of cropping during the ley period, so that the maintenance
of fertility is, in part, achieved at the expense of a reduction in the total amount of
crop products removed from the land. Clearly, alternate husbandry will only be
satisfactory if crop yields during the arable break and animal production from
the ley can be raised to levels that together more than compensate for the loss of
cropping during the grass break. It seems unlikely that this can be achieved
without a use of fertilizers which most tropical farmers cannot at present afford,
or without a much greater ability in husbandry than the majority at present
possess.
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It might be expected that the inclusion of legumes in tropical leys would
improve the fertility-restoring properties of the leys. This, however, is a
particularly difficult problem. With certain local exceptions, no satisfactory
legumes have been found for inclusion in tropical leys. There is also insuffi-
cient information yet on the extent to which nitrogen is fixed by pasture
legumes in the tropics (Webster and Wilson 1967, pp. 298,.311).

5.5.2. Unfavourable capital-outpur ratio

Regulated ley systems, in contrast with unregulated ley systems, require
the following investments:

(1) complete land clearance, i.e. the removal of trees, bush, and roots;
(@) fencing; and

(3) sufficient traction power—tractors or oxen—and the necessary imple-
ments for mechanical cultivation, because regulated ley farming and plough
cultivation are highly complerentary to each other.

In addition, it is frequently necessary to invest in a number of improvements,
including:

(4) seeding or planting of leys;

(5) purchase of improved cattle;

(6) cattle pens, dips, ctc.;

(7) water supplies;

(8) carts for the transport of manure;

(9) roads;

(10) drainage and the levelling of termite hills;

(11) tsetse control; and

(12) land consolidation and the demarcation of fields.

Some of these improvements can be carried out by the available labour force
in the slack months, but as a rule they involve considerable financial outlays:
ploughing the leys requires a good deal of traction power, and to use this
traction power economically in a holding requires a holding size that is
rarely found in smallholder agriculture in the tropics. Aikali (1967) quotes,
for example, for northern Nigeria minimum sizes of 8-16 hectares for ley
farms with ox-plough cultivation. In this context, Webster and Wilson (1967,
p. 297) write, ‘Land tenure systems under which the land is communally
owned, or held by individuals on short-term, insecurc leases, may make
farmers uninterested in establishing leys. Fragmentation of holdings, resulting
in small, scattcred and unmanageable plots of land, has a like effect.’

5.5.3. Dependence on improved animal husbandry

The return from animal husbandry determines to a large extent the econo-
mic practicability of grass leys. Consequently, regulated ley systems remain
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more or less uneconomic wherever animal husbandry is organized on tradi-
tional lines, because under these conditions the farmer does not receive a
sufficient return to justify any appreciable expenditure on the establishment
and improvement of leys. The introduction of improved animal husbandry,
however, depends not only on better feeding and better care of the animals,
but above all on the provision of better communications, abattoirs, organized
markets, and prices conducive to the production of quality meat, milk, or
other livestock products.

5.6. Davelopment paths of rogulated lay systems

5.6.1. Improved ley systems

Where the transition to regulated ley systems has been accomplished, there
is, as a rule, much scope for increased production, provided that price rela-
tions are favourable. The first steps that are taken are usually the following:

(a) Intensification of arable cropping is often of primary importance. The
use of new crop varieties, of minerai fertilizer and herbicides, the investment
in traction power and implements, and in particular the introduction of
better husbandry continually offer scope for greater production.

(b) Imtensified use of grassland, requiring more time and substantial invest-
ments, usually follows after a considerable time lag. Seeding or planting of
the leys, intensive rotations of the grazing, and the application of mineral
fertilizer are important indicators of the improved use of the leys. The most
important step in ley improvement is the inclusion of legumes wherever
feasible.

(c) Improvemenis in animal husbandry are usually of key importance;
including disease control, artificial insemination, adequate feeding all the
year round, reduction of the calving interval, proper calf-rearing, and so on.

(d) Interactions between arable cropping and animal production. Night
bedding in cattle pens will result in the production of more manure, the
application of which may well increasc arable yields significantly. Another
important aspect is the substitution of tractors for draught animals. The
replacement of oxen by a tractor usually offers more scope for meat and milk

production.

5.6.2. Change from ley systems to other types of farming

A ley system must show itself to be better than tumbledown grassland or
other fallow systems in (1) having a better fertility-restoring capacity, (2)
supporting more livestock production, and (3) allowing a more efficient use
of the farm labour; and the combined eftect of these advantages must be
higher by quite a substantial margin than the costs of establishing a full ley-
farming system. In many parts of the tropics these essential advantages
cannot yet be obtained.

q
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The fact that regulated ley systems have spread and been able to hold their
own in the tropics orly in exceptional cases indicates that the expansion path
of tropical rain-fed farming usually leads directly from shifting or semi-
permanent systems to permanent farming, Only occasionally are ley systems
being intensified. A more noticeable tendency is for the area of unregulated
leys in each holding to be progressively reduced, until finally permanent
farming is practised. Usually, it is economically more profitable in small-
holdings to expand the cropping of high-yielding cash crops, and if necessary
to practice arable fodder cropping, than to intensify the ley system. Alkali
(1967), for example, with reference to northern Nigeria, describes the policy
of agricultural advisers as follows: ‘The system of aiternate husbandry was
scrapped mainly because the current design of ox-drawn implements was
incapable of ploughing up levs, and also there was no proof that a system of
leys was better than permanent pasture or permanent arable cropping.’

The tendency for farmers to prefer permanent cropping systems to ley
systems stems not least from basic technical advances. New varieties of
maize, wheat, sorghum, cotton, groundnuts, etc. have made arable farming
more profitable. With the increased availability and use of mineral fertilizers,
the farmers are less dependent than before on the fertility-restoring properties
of leys. Thanks to herbicides and mechauical weeders, they no longer need
leys to save labour in weed control. The tendency to expand arable farming
at the expense of the leys will probably be reversed only when the rotation
valuc and the fodder value of the leys are raised decisively by inclusion of
legumes, and when at the same time the price conditions begin to favour
milk and meat.



6. Systems with permanent
cultivation on rain-fed land
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6.1. Definition

A CONTINUAL expansion of arable farming at the expense of the fallow or ley
transforms semi-permanent and ley systems into System.s with permanent
cultivation. This class includes those farming systems in which fallows or
leys are only rarely, and for a short term, interpolated between the cultivation
of arable crops, with the result that the R value exceeds 70. In contrast with
fallow or ley systems, farming systems of this kind are normally character-
ized by (1) a permanent division within the holding between arable land and
grassland, which is seldom or never cultivated ; (2) clearly demarcated fields;
and (3) a predominance of annual and biannual crops.

Often, permanently cultivated rain-fed plots are a supplementary activity
in holdings that are predominantly devoted to irrigation farming or tree
crops. In particular, the growing of wet rice in valley bottoms is often com-
bined with the cultivation of permanently cropped rain-fed plots on the
slopes. The same applies where the planting of fruit trees has led to stationary
housing and where the shoriage of land in the vicinity of the tree-crop areas
has led to permanent cropping. The following accounts are restricted, how-

ever, to those farming systems in which permanent rain-fed cropping is the
main activity.

6.2. Types of permanent rain-fed cultivation and their
geographical distribution

The evolution from shifting or semi-permanent systems towards permanent
arable cropping on rain-fed land characterizes the development of agriculture
in densely populated regions with temperate climates. In the tropics, per-
manent cultivation is still fairly limited in its occurrence. Where increasing
population density and cash cropping necessitate the intensification of land
use, other possibilities are as a rule preferred:

(1) Trrigation farming is spreading; in particular, irrigated rice proves to

be a simple and highly productive permanent use of land in tropical

climates. With the problem of conservation of soil fertility in rain-fed
99



100 SYSTEMS WITH PERMANENT CULTIVATION

farming, and as the pressure of population increases, there is an obvious
tendency to concentrate production on what is topographically the lowest
land, because that is where the most fertile soils occur, and often irrigation
is possible in these valley bottoms.

(2) The planting of perennial crops, in particular of tree crops, is increas-
ing. By this means, arable farming, which is ‘alien’ to nature in the tropics,
is replaced by crops whose effect on the soil is similar to that of forest or
bush vegetation.

Systems with permanent rain-fed arable farming are thus no more typical
of tropical land use than are regulated ley systems. They are found where the
following conditions apply:

(1) The population density is very high and irrigation farming is either not
possible or has not yet been adopted. There are numerous areas where a
Malthusian process of impoverishment has compelled intensification.

(2) The soils allow permanent rain-fed cropping without a drastic decline
in yields. Cases of this kind are usually found where the climate has an
extended dry period, during which leaching is not taking place.

(3) An intensive fertilizer economy is practised.

Most traditional types of permanent rain-fed farming in the tropics are
relatively poor forms of agriculture. The main forms are outlined below,

6.2.1. Permanent cultivation in tropical highlands

The evolution path of arable land use in densely populated tropical high-
lands is similar to that of moderate climates: shifting cultivation — unregu-
lated ley systems — permanent arable-cropping. The decline in soil fertility
that accompanics more intensive land use witiiout fertilization is less pro-
nounced than in 2 hot and humid climate. Yields usually stabilize at a level
sufficiently high to make permanent cultivation advantageous, even without
heavy inputs of fertilizer. The main problem encountered in permanent
cropping in high altitudes is not so much the constant reduction of soil
fertility as the loss of soil through erosion.

Permanent rain-fed cultivation with maize and beans is widely practised
in the Mexican highlands and in several smallholder areas of the Andes,
Potatoes, vegetables, and millets are the main crops of permanent cultivators
in the Nilgiris Mountains of southern India. In parts of Ethiopia, ley systems
have been replaced by permanent cropping with wheat, teff, millei, and
numerous other crops. Maize, beans, manioc, and millets are the pre-
dominant crops grown by permanent cultivators in the highland areas of

East AfTrica.
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6.2.2. Permanent cultivation in the African savannas

Table 6.1 provides information about areas in Africa where permanent
cropping is traditional and where improved techniques are applied. Systems
of great economic importance arc located in the East African highlands.
Only a few cases are found in high-rainfall, low-altitude areas. The savannas,
however, owing to higher population densities and increasing cash cropping,
are already dotted with small butexpandingsystems withpermanentcultivation.

Where the process of ensuring the food supply for a slowly expanding
population has led to the gradual spread of permanent cropping, as for
example in Ukara, Lake Victoria (see §6.4.2), often sophisticated methods
of manuring have spread. The traditional methods of maintaining fertility,
however, require a high labour input. The holdings are small and their yield
in relation to the labour input is low. By contrast, in those areas where per-
manent cropping has developed through increased cash cropping by a local
peasantry, as for example in the groundnut areas of Senegal and northern
Nigeria, the situation is quite different. Incomes are higher, but soils are
mined with little regard for future returns. Technical and biological innova-
tions that can give stability to permanent cropping cn soils of moderate
fertility have been introduced only in exceptional cases. The more rapidly the
commercialization of production has been achieved, the less farmers usually
worry about conserving the soil. This applies at least until the possibilities of
finding new land for cropping are exhausted.

6.2.3. Permanent cultivation in monsoon Asia

Permanent rain-fed farming prevails over large parts of India. The pre-
dominance of this relatively poor form of agriculture reflects the handicap
from which much Indian development suffers. The farming is usually mixed,
often in combination with irrigated plots. Fodder production, manuring,
terracing, and other soil-preserving measures arc applied, but they are
normally insufficient to maintain soil fertility at its original level. Consequent-
ly, yields persist at a low level. Ceertz (1963, p. 29), taking as an example
rain-fed farming in Java, describes this process as follows:

On virgin soils a rapid declinc in yield usually takes place, in the absence of
fertilization, within the first two or three years, but after ten or twenty years the
yield tends to remain stable more or less indefinitely. This has been borne out by
experiments in various parts of tropical Asia...On infertile soils and with
inadequate fertilization the yield stabilizes at a very low level, as is the case now
in Ceylon and most of South Asia, but it stabilizes. Why this should be so is not
yet entirely understood.

6.2.4. Permanent cultivation in the hot, humid tropics

The permanent cultivation of rain-fed land in a hot, humid climate pre-
sents some of the most troublesome problems of tropical agriculture. The
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TABLE 6.1
Permanent farming systems with soil-

conserving practices in the A {frican tropics
Average Average Pzgg:?tu on
Tribe Country altitude rainfall inhabit 4 ; b c d e f Main crops
feet (inches) sq. i
Malinke Senegal,
Guinea 1600-3000 39 26 x Millet, rice, maize

Baule Ivory Coast 1600 47-55 26-51 X Yams, banana, taro
Kita Mali 1600-3300 39 26 x Millet

Dogon Dahomey 2000 31 51-129 x X x Millet, yams, banana
Bobo Dahomey 1600 31 5i-129 x Millet, yams, banana
Gurensi Dahome_y 1600-3300 31 51-129 x Millet, yams, banana
Nunuma Dahomey 1600-3300 31 51-129 X Millet, yams, banana
Mamprusi Ghana 1680-3300 31 77-129 x Millet, yams, Lanana
Losso Togoland 1600-2600 39-79 129-258 X X Millet, groundnut, yams
Kabre Togoland 2600-3300 59 568 b X X x Millet, yams, rice
Mandara Nigeria 1600 31 129-181 x x Millet, beans
Kamuku, Kanuri,
Chamba Nigeria 1600-3300 31 129-258 b 4 Millet, yams, banana
Bauchi, Berron Nigeria 1600-3300 31 129-258 X x Millet
Sokoto, Kano Nigeria 1600-3300 31-9 310-516 % X X

Millet, groundnut, manio¢



Batta, Mundang,
Mandji, Bamum,

Dama, Musgu Cameroons

2600-5000

31-9 129-258 X Millet, yams, banana
Bana, Adamawa  Cameroons 5000-6600 31-59 258-387 X x X X Millet, beans,
Kuru, Bari Sudan 1600-330G0 39-55 77-129 x Millet
Konso Ethiopia 5000 3947 430 X X X X Millet, coiton, maize
Tigre Ethiopia 5000-6600 24-39 258-387 X x Millet
Kipsigi, Kikuyu,
Nandi, Suk, Keyu Kenya 5600-5600 55-71 129-387 % X x Maize, manioc
Rundi Burundi SCOC-6500 39-55 258-387 x x x Maize, banana, sweet potatoes
Ruanda Ruanda 50006500 39-55 387-516 x x X Banana, millet, sweet potatoes
Kiga Uganda 50306600 31-59 129-258 X X Maize, banana, beans
Matengo, Makonde Tanzania 3300-5000 1947 77-258 » X Maize, millet, manioc
Kinga Tanzania 1600-5030 39-55 51-258 x Maize, miilet
Sandawe, Iraque,
Fipa, Turu, Gogo Tanzania 2600-5000 31-47 26-258 X Millet, maize, beans
Mbugu, Shambala,
Pare, Meru, Teita Tanzania 5000-5500 59-79 129-258 x x Millet, maize, beans
Wakara Tanzania 4060 €3 542 X x X X Millet, manioc, rice
® Terracing. ¢ Irrigation farming. ¢ Manuring. ° Stabling. ! Leading crops and important mixed crops.

Source: Ludwig 1968, pp. 92-3.
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traditional solution is gardening,’ especially wiere the population density is
very high, where labour is cheap, and where profitable markets are at hand.
Permanent gardens can already be found in shifting systems where the hut
change is infrequent. In permanent farming, they develop into an important
branch of the holding, and one which can become dominant where there is a
town in the vicinity or where there is a marked shortage of land. Thus, in
densely populated Java, one-fifth of the land used for agriculture is reported
as being plots that are more like gardens than fields.

Examples of rain-fed permanent cropping based on vegetables, and which
preserve the soil, and are economically successful, can be found in Chinese
agriculture, for example in Taiwan. Here the permanence of cropping is based
on an intensive fertilizing with organic and mineral fertilizers, supplemented
by measures for erosion control, and careful cuitivation. In other densely
populated areas, for example in Java and in the West Indies, root-crop
systems (manioc, sweei potatoes) have principally developed, and are
associated with various tree crops.

There are as yet few examples of economically promising systems of low-
intensity permanent rain-fed farming in the humid tropics. Research stations
provide us with an increasing number of rotations that would maintain soil
fertility, but these rotations usually depend on traction power and mineral
fertilizer. They include several green-manure or fodder crops, which have a
low economic return. Rain-fed cultivation in the humid tropics frequently
lacks a lucrative cash crop. In short, there may be technically feasible solu-
tions to the problems of permanent cultivation, but their economic returns
are as yet still marginal.

6.3. General characteristics of land use with
permanent rain-fed cultivation

Even though the forms of permanent rain-fed cropping in the tropics may
be varied, a number of characteristics are typical of the system,

6.3.1. Spatial organization of cropping

A basic difference between permanent cultivation systems and fallow or
ley systems is the fact that the cultivator in a permanent system can no longer
select a plot that is suited to the particular crop; instead, he must decide
which crop will grow best on the given plot. We commonly find permanent

! Garden cropping is distinguished from arable cropping by the following features,
which are usually, but by no means in all cases, found simultaneously: (1) cropping those
plants for personal consumption that cannot be collected nor supplied by arable farming,
(2) smail plots, (3) proximity to the house, (4) fencing, (5) mixed or dense planting of a
great number of annual, semi-permanent, and perennial crops, (6) a high intensity of land
use, (7) land cultivation several times a year, (B) permanence of cultivation, and (9) cultiva-
tion with hand implements.
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land-use systems with distinct spatial differentiations of cropping, and with
rotations including a great number of crops. There are three basic types of
spatial organization:

(a) Organization of cropping according to different soils within a catena.
Where the types of soils vary within a catena, the differentiation of cropping
mainly arises from the planting of each type of soil with the most suitable
crop or mixture of crops. A case in point is land use in a valley on Ukara,
Lake Victoria (Fig. 6.1). Rice, sweet potatoes, vegetables, and sorghurn pre-
dominate in the valley bottoms, manioc (cassava) and Leguminosac are the
‘pediment crops’ and the slopes of the ‘Inselberg’ serve as grazing.

(b) Organization of cropping in concentric belts. The tendency to cropping
in concentric belts is caused by stationary housing. The older the farmyard
and the greater the difficulties of transporting manure, the more markedly
does cropping change as the distance from the farmstead increases. In the
farmstead or village we almost always find fruit trees, papayas, bananas, etc.
Usually there is an adjoining belt of heavily fertilized garden. As the distance
increases, the fertilizer input declines and the more frequent are the {allows.

(c) Organization of cropping according to the wicro-climate. The differences
in the micro-climate (the amount of rain, sunlight, land gradiert, 2nd danger
of wind damage or flooding) help to diversify cropping. In the valley bottoms
and flooded plains we frequently find some rice, occasionally surrounded by
embankments, indicating the tendency to supplement permanent rain-fed
farming by primitive types of irrigation (see §7.1).

Such first steps towards a differentiation of cropping within the holding
may be found in shifting systems (see §3.3.1) and are common in semi-
permanent systems (sec §4.3.1). In permanent systems, however, they are
considerably more pronounced because of the stationary nature of the
housing,.

6.3.2. Cropping principles

A further feature of permanent cultivation systems is the variety of forms
of mixed cropping, of relay-planting, and of rotations that occur.

(a) Mixed cropping and relay-planting. Provided land is scarce and labour
ample, mixed cropping is as common in permanent systems as in shifting
and semi-permanent systems (sec §3.3.2 (a)). Relay-planting is the usual
practice in intensively cropped areas with extended rainy seasons, or where
several rainy seasons overlap (see §2.3.2 (b).

This is exemplified in Kerya by the Kikuyu practice of cropping maize, beans,
sweet potatoes, and pigeon peas. When the rainy season begins, at the end of
March or the beginning of April, the women plant the maize and peas broadcast
on the plot, which has been prepared with the hoe by the men. When the seed has
germinated, the women go over the field again and plant two different sorts of bean,
an early-maturing and a late-maturing variety, among the growing maize and
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igeon peas. When the bean szed has sprouted, a third planting takes place. The
field, which has produced a great deal of weed in the meantime, is weeded. At the
same time, sweet-potato seedlings are planted in the growing stands of maize, peas,
and beans. The early-maturing beans produce the first yicld {rom the middle of
June. Maize and late-maturing beans ar¢ harvested from the middle of August.
Sweet potatoes and pigeon peas are harvested from the plot as required from

September onwards.

In regions with several overlapping rainy scasons, relay-planting can
become continuous cropping, i.e. when one crop is harvested the plot is
already being used by the next interplanted crop.

(b) Crop rotations. Whereas it is often difficult in semi-permanent systems
to recognize a systematic sequence of crops (it is for this reason that de
Schlippe (1956) speaks of ‘pseudo-rotations’), in permanent cultivation
systems there are generally quite definite rotations. The rotation patterns of
tropical permanent farming systems are of confusing variety. The great
number of forms they take may be classified according to the following

criteria:

(1) In regions with distinct and short rainy seasons, one crop a year is
sown usually, occasionally supplemented by a catch crop. In the inter-
vening dry period, the plot lies fallow. These are, therefore, systems with
seasonal cropping. In contrast, continuous cropping (where planting takes
place before or immediately after the harvest) in rain-fed farming can
be practised cnly where the rainfall is fairly high and evenly distributed.
The fertilizer and labour requirements per hectare of continuous cropping
are naturally considerably higher than for seasonal cropping.

(2) A distinction must be made between annual, biennial, triennial, and
other rotations of different lengths. Annual rotations with two or more
crops a year may be found in regions with extended rainy seasons or
continuous cultivation. Biennial rotations in thesc rainfall areas often
comprise three crops, one of which, for example sugar-cane or manioc,
occupies the plot for a particularly long time. In general, rotatious in
areas with seasonal cropping occupy more years than in areas with con-
tinuous cultivation.

(3) The length of the vegetation cycle of the crops cultivated is an import-
ant structural element of rotations. Arable farming in the tropics is in this
respect much more varied than in temperate climates. The rotation may
be composed of annual short-term crops (e.g. beans, cabbages, or sweet
potatoes), anaual long-term crops (e.g. cotton or maize), and biennial
crops (e.g. manioc, sugar-cane). The cropping index (see Table 6.3 on
p. 120) (the cropped area as a percentage of the arable land) is consequently
of only limited application as a measure of intensity in permanent farming
systems. The input in the case of a biennial arable crop that occupies the
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plot for sixteen moitths is sometispes higher than that of several annual
short-term crops, which can be cultivated in the same time.

(4) Apart from this, the farm-economic aspects of crop rotations depend
on whether soil-preserving or soil-exhausting crops are cultivated. In
general, fodder crops, especially legumes, are coasidered to have a bene-
ficial effect on the subsequent crops, whilz crops like maize or cotton are
considered to put a strain on soil fertility

(5) The rotations, and the crop elements of the rotation, may be arranged
according to crop yields and input requiremient. When millet is displaced
by maize in a rotation, or maize by a root crop like manioc, production
measured in kilocalories per hectare increases considerably, but at the
same time labour and fertilizer requirements usually increase also.

6.3.3. Characteristics of the fertilizer economy

The methods of fertilizing in tropical permanent rain-fed farming are as
varied as the rotations. In most cases, the fertilization is insufficient, and we
find soil mining, and stagnation at a low yield per year. Generally speaking,
however, permanent cultivators on rain-fed land practise some methods of
fertilization, and the more so where the original fertility was low and the
longer ago the change occurred from fallow systems to permanent cropping,
The principal fertilizing methods of semi-permanent cultivation or of un-
regulated ley systems are scarcely practicable in these cases, since permanent
cropping requires stationary housing. The moving of the hut sites, and the
consequent creation of fertile gardens, can take place only within a restricted
area, and is hardly equivalent to the *human folding’ which is so common
among semi-permangnt cultivators. The cattle numbers are usually insufficient
for folding systems, unless extensive grazing areas are available. Also, per-
manent cropping has to forgo the erosion protection that ley systems provide
in the years between cultivation. Permanent cultivators who do practise
fertilization and erosion control depend on other methods, with a higher
labour input.

Various traditional methods of erosion control have been employed, from
ridge and mound cultivation to terracing and the use of baskets to carry
back the soil that has been washed away. In particular, stone terraces in
traditional, rain-fed farming systems are an indication of a long-term, acute
land shortage, which has helped to make erosion control part of the cultural
heritage of the local people. Although these practices are traditionally
known, they are rarely employed in farming systems where cash cropping
has been introduced and where land shortage is a recent phenomenon, In
many of these situations, particularly in the drier savannas, gullies increase
rapidly in nuinber and size, soil conscrvation usually being neglected as
cash cropping and incomes per head increase, mainly because of the un-
favourable short-term input-output relationship of the labour invested. The
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way out of this urdesirable situation probatly does not lie in a return to
traditional agricultura! methods, but in additional cash cropping, which, by
changing the economic setting, can maie s0il conscrvation economically
worth while. The tractor-drawn plough becomes very important in this con-
nection, because it enables the farmer to carry out soii-conservation measures
like contour ploughing, mechanized ridgingz, anc mechanized terracing,
which cannot be done with an ox pleugh.

Of special interest is the deve'Upment of the fectilizer economy in per-
manent rain-fed farming. The primary task is the replacement of nutrients
and organic matter. From tlie standpoint of the evoluiion of farming systems,
a number of stages may be distinguished:

(1) Manuring begins as a rule with the collecticn aud transport of house-
hold refuse.

(2) Next comes the application of animal manure, which is sometimes
increased by stabling and the provision of bedding.

(3) Cultivation of green-manure crops is ar indication of a more advanced
fertilizer economy.

(4) Processing of household refuse, harvest residues, and farmstead carth
in compost is characteristic of a higher leve! of intensity.

(5) The use of night soil s trasditional with Chinese cultivators. It is rare
in Africa and only practised by some tribes with: a long-term Jand shortage
(in Ethiopia (Nowak 1954) and Mali (Dunont 1966, p. $0;).

Increase in the intensity of crowping entails the impert of nutrients and
) Jr 3 . .
organic matter. Traditionally, this could *ake one of the following forms:

(1) Arcas outside the holding are grared, and animzl manare collects in
the farmyard, mainly at night. In this way nutrients aie concentrated on
the permanently cropped land. This is a priciple that is practised generally.
(2) Nutrients are imported in fuel, The secrch for {usl has siripped exten-
sive bush or forest land near densely popuiried areas (needles, leaves,
twigs). The ashes serve as fertilizer, either directly or as a component of
compost.

(3) An indication of a special lack of nutrients is the collection of leaves
and branches as green manure, which is applied directly to the land (see
§6.4.2).

(4) In traditional Chinese agriculture, oil-cake, fish, and other organic
materials were bought as manures.

A general feature of traditional forms of intensive fertilization is the high
labour input; this is the case both in preparation of corapast and in collection
of aniinal manure, and lies especially in the difficulties of transport that are
part and parcel of most forms of organic manuring. Whereas in shifting and
semi-permanent systems the fertilizer is produced where it is used, i.e. it
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scarcely needs to be transported, the permanent cultivator with stationary
housing must transport the material. Consequently, we find the tendency to
concentrate the fertilizer on the gardens near the farmyard, particularly
where the lack of transport is acute and there are no carts, draught animals,
or field tracks. Bottlenecks in transport are the reason why old Chinese
towns are ofien surrounded by a belt of black soils, which are enriched with
nutrients and humus. Elsewhere, the saying that ‘those fields are most fertile
which can hear the cock crowing’ reflects the same situation.

A further feature of the fertilizer economy in densely populated arcas is
the burning of straw and cow manure. Since thcre is no fallow vegetation to
provide fuel, as is the case in shifting and semi-permanent systems, straw and
cow manure are frequently the only available and economic types of tradi-
tional fuel.

Technical progress has scarcely altered the production conditions in any
branch of agriculture so much as in the fertilizer economy of holdings with

permanent cropping:

(1) Mineral fertilizer is of primary importance; compared with organic
fertilizers it proves to be labour saving becausz of its high nutrient con-
centratiou and the relative ease with which it can be transported.

(2) New crops and cultivation methods for green-mznure crops are
available. The use of tractors can provide more scope for increased green
manuring, since the work is carried out more quickly.

(3) Where intensive livestock-keeping is practised, the fertilizer cycle is
extended by the import of nutrients as purchased concentrates.

(4) Progress in transport vehicles like ox-carts, tractors with trailers, or
lorries and the devclopment towards a comprehensive road network
facilitate the transport of manure, night soil, etc.

Thus we may say that agricultural innovations have drastically changed the
fertility problem in permanent rain-fed farming in the tropics. Technical
solutions are available. Unfortunately, however, the price relations are often
too unfavourable to make intensive fertilizing economic at the present stage.

6.3.4. Characteristics of animal husbandry

Traditional farming on permanently cropped, rain-fed land in the tropics
is usually combined with small herds per family, but high cattle densities
per 100 hectarcs. The role of livestock in these conditions differs from that of
stock in semi-permanent cultivation or ley farming. The aim is not only to
produce milk and meat, but increasingly to provide traction power and
manure. The hoarding of the cattle is not important, because the available
grazing is limited, and also because permanent cropping is usually coupled
with private land rights, and the acquisition of land is an alternative way of
gaining status and security.
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The fodder basis primarily determines which forms of animal husbandry
predominate in permanent cropping systems, zud to what extent they are
carried on, In this connection ve can distinguish two principal forms,

(@) Animal husbandry in systems with extensive grazing areas. Where exten-
sive areas are still available, cattle husbandry is mostly organized on lines
similar to those in semi-permanent systems. The animals are communally
grazed and in the charge of herdsmen by day, and they return to the farm at
night. Emphasis is put on cows, female calves, and heifers. The husbandry
practices are more or less the same as those of semi-permanent cultivators,
but there are fundamental differences in the fodder economy, which is based
increasingly on the productivity of arable farming, e.g. on the seasonal
distribution of grazing between the arable land and the more distant grazing
areas.

A typical example of animal husbandry in an African farming system which
passed recently from semi-permanent to permanent farming is supplied by Guillard
(1965) in his monograph about the village of Golonpoui in northern Cameroon
(see Fig. 6.2). At the beginning of the rainy period in June or July, the animals
graze on the arable land that is not yet cultivated or is lying fallow. As cropping
progresses, the animals are concentrated on the fallows of the semi-permanently
used land, which are 2-3 kilometres from the village. In October, millet straw from
the permanent gardens provides additional fodder. At the beginning of the dry
season, the animals are driven to bush grazing further afield. This is interrupted in
January and February, when harvest residues are eaten. The animals spend the rest
of the dry season, from February to May, in the more distant grazing areas. In
addition, the leaves and fruits of odd acacias (Faidheriba albida) scattered in the
arable land are used.

(b) Animal husbandry in sysiemns without extensive grazing areas. As arable
cultivation spreads at the expense of the grazing area, there is a tendency for
farmers to reduce the number of animals kept, or to hire out the cattle to
nomads who are hardly ever near the village. Roadside grazing, seasonal
fallows, and harvest residues constitute the remaining fodder basis. The
lower limit to the number of catle kept is determined by the number of
traction animals required. Hoe cultivators may come to have no cattle at all.
With the reduction of the grazing areas, the rearing of goats, pigs, and fowls
increases in relative importance. In requiring less grazing land and providing
smaller units for sale or consumption, this kind of stock is better suited to
the econoniic condition of smallholdings.

The reduction in the importance of livestock that occurs as land becomes
increasingly scarce can be halted only by the introduction of fodder crops,
which are practically unknown in fallow systems. The need for traction
animals is usually the first cause for a step in this direction, since the feeding
of traction animals can scarcely be avoided. Where subsections of the holding
can be irrigated, they are in many cases used chiefly to supply the traction
animals with fodder. Reyond this, traditional farming systems on permanently



112 SYSTEMS WITH PERMANENT CULTIVATION

cropped rain-fed land are rarely in a position to support & substantial volume
of fodder production. In most cases, the livestock economy, although import-
ant in nuimbers, stagnates at a low jevel of productivity (sce also §6.6.1).
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Fi. 6.2. Distribution of cattle on the village land during the different scasons in Golonpoui,
northern Cameroon (from Guillard 1965, p. 305).

6.3.5. Characteristics of the labour economy

Afiican permanent cultivators still rely mostly on hoe cultivation, although
forest and bush fallows, which are the compelling technical reasons for hoe
farming, no longer exist. Hoe cultivation usually remains because farm size
in relation to family size is so small that there is no room for livestock. This
is true for densely populated highlands like the Kisii and Kikuyu Districts
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in Kenya. In Asia and Latin America, however, we find a different and varied
tool system, which involves plough cultivation, carts, and animal traction.
The plough makes it possible to cultivate larger areas and to improve the
timing of cultivation. On the other hand, disadvantages are (1) the fodder
requirement of the draught animals, (2) the poorer quality of animal plough-
ing compared with hoe cultivation, and (3) the increased danger of erosion.
Communal work, which we often find in shifting systems aud still sometimes

Fia. 6.3, Annual agricultural labour cycle in a system of permanent rain-fed farming in the
West Nimar District, central India (from Leshnik 1966, p. 61).

in semi-permanent systems, scarcely plays any part at all, and this is a further
feature of permanent cultivation systems. Similarly, the tendency disappears
for the land belonging to a household to be divided up into smaller units
cultivated by members of the family for themselves. In plough culture, we
usually see centrally organized holdings, where the farmer directs the family
labour and employs hired labour if need be.

(a) Seasonality of labour demand. With the transition to permanent cultiva-
tion, the seasonal concentracion of labour tends to become even more acute

9
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than in fallow systems. The work is concentrated in the rainy season, not
least because draught animals and hoe cultivators are unable to cultivate the
soil in the dry season. A fairly regular use of the labour force is found only
in a few favourable regions where double cropping can be practised.

The situation in the West Nimar district in India illustrates this (see Fig. 6.3).
Cotton, wheat, and sorghum are the chief crops, and wheat is usually grown in
winter (rabi season) on a plot which is then left fallow. The main summer crops
(kharif season) are sorghum and cotton. The distribution of cropping over two
seasons brings about a relatively batanced use of labour. The time when there is
little labour demand is limited to February-May.

In most cases with permanent rain-fed cropping, however, we find only one
pronounced rainy season, with little scope for multiple cropping. Conse-
quently, labour demand is decidedly seasonal. High population densities
and a high degree of underemployment on the one hand, and insufficient
labour at the beginning of the rainy season on the other are probably not
as marked in any other land-use system as in permanent rain-fed cropping.

Figure 6.4 illustrates the situation in an intensive arable farming area in northern
Cameroon. The total available time is recorded under several headings. The distri-
bution of field work is highly seasonal for both the man and his wife. Most of the
time between the high labour demands for field work is filled with various kinds of
work around the hut. Sickness takes only a small percentage of the total time. It
should not be overlooked, however, that on two occasions both were sick together,
and once this took place during a time of high labour demand (October 1957). It
may appear from Fig. 6.4 that field and homestead work together lead to the full
employment of m=n and wife. It is, however, difficult to present working time in
terms of days. The length of the working day differs (work here was measured in
half-daily units), and the intensity of work is much higher during peaks of labour
demand than in slack seasons.

Tt is not only the workers who are underemployed. Whers plough cultiva-
tion exists, the traction animals too are only seasonally employed. Yet the
seasonal nature of work requires a large number of draufht animals, since
every cultivator wants to plough his land at the right time and sets value on
having his own animals. Lack of draugh. power is one Zinportant reason for
late and inefficient cultivation of ficlds. Coxzaruently, a considerable part
of the arable land is used to provide draught animals with fodder, while they
work at full capacity for short periods only. This is particularly true in India.

(b) Low productivity of labour. Table 6.2 provides some information about
typical labour input in permanently cropped areas. This is, as a rule, lower
than in fallow systems because of the reduced input in land preparation.
Particularly where plough cultivation is practised, labour requirements per
hectare are significantly lower. The available information is insufficient to
relate labour input to yields and to derive general conclusions about variation
of labour productivity in terms of grain-equivalents per hour of work with
increasing permanency of cropping. However, several case studies indicate
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that, with increasing permanency of cropping, output per man-hour and per
man-equivalent available is likely to decrease {Boserup 1965; Rotenhan
1966; Ludwig 1967). It is for this reason that the husbandry patterns of
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FIG. 6.4. Seasonal distribution of work of a hoe-cultivation holding with permanent rain-
fed farming at Golonpoui, northern Cameroon (from Guillard 1965, p. 343).

permanent cultivation in Africa are described by Gourou (1966) as ‘siege
methods’, by which he implies that they came into existence because the
tribes were surrounded by hostile neighbours, which prevented the extension
of farming in fallow systems into expansion areas. The African peasants—the
Wakara (see §6.4.2) being a case in point—are apparently quite aware of the



TABLE 6.2

Labour input in holdings with permanent cropping (man-hours per hectare) derived from Jarm-management surveys®

Crop Millet (Pennizetuz:) Sorghum Sweet potatoes Manicc
Location Senegal India (Bombay) Cameroon (Gelonpoui) Taiwan Madagascar (Tananarive)
Year 1962 1956-7 1965 1966 1963
Cultivation method Hos Plough Plough Hoe Plough Hoe/spade

Land aration

and ulg::;}; } 38¢ 66 32 136 13° 152
Sowing/planting 8 16 120 242 70

Wesding 256 86 32 216 216 76
Harvesting 62 64 56 80 333 148

Total 356 224 136 552 804 446

* Without threshing or preparation fer sale.
* Summer crop without additional cultivation.
© Sandy soils; no cultivation before sowing.

Sources: Millet, Bureau pous le développement de la production agricole (19€5, p. 236); sorghum (India), Boserup (1965, p. 40); sorghum (Cameroon),
Guillard (1965), see also Bureau pour le Gévelopperneni de la production agricole (1965, p- 318): sweet potatoes, Taiwan Department of
Agriculturc (1965, p. 38); manioc (Tananarive), Bureau pour le développement de Ia production agricole (1565, p- 228).
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ict that under their system of permanent cultivation they produce yields
aat are higher per hectare than those obtained in more extensive systems,
ut are lower per man-hour. Wherever conditions permit them to leave their
crowded home area, because new land is opened up for settlement, they
mmediately turn to fallow systems.

6.4. Four case studies

The following examples give an idea of the various forms taken by per-
manent rain-fed cropping. The first example from Kenya shows permanent
cropping on fertile soils. The remarkable efforts by hoe cultivators in Ukara
are an indication of how African farmers in a siege situation have developed
the same methods of soil conservation as have Chinese farmers, but are
nevertheless only delaying and not stopping the decline in soil fertility.
Land use in Senegal is a typical case of soil mining, except in the mixed-
farming system of the Serere. The farming system in the Bombay Deccan
shows the final stage in the Malthusian process: stagnation on a very low
level of yield and productivity.

6.4.1. Maize-millet holdings in Kakamega District, Kenya

The Kakamega District of Kenya is very densely populated: there are
500-600 people supported by agriculture per square kilometre. The stage
has been reached where the customary fallow period of several years has
been almost totally displaced. The basis of permanent rain-fed farming, in
some cases with two crops annually, is a deep fertile soil and a good rainfall
pattern,

One family normally owns 1-3 hectares. For generations, maize, sorghum,

finger: millet, and beans have been the main crops. Both hoe cultivation and ox
ploughing are practised. A rotation typical in the 1950s runs as follows:

(1) Spring (long rainy season) Maize mixed with beans
Autumn (short rainy season) Partiy maize, partly beans, grown separately

{2) Spring Maize mixed with beans
Autumn Fallow used as pasture
(3) Spring Sorghum
Autumn Sorghum (self-sown)
(4) Spring Finger millet
Autumn Fallow used as pasture

In recent years maize, especially the new hybrid varieties, has come to occupy a
more important position in the rotation.

A fallow period of several years is retained only in the border areus of the densely
populated region, or in the few holdings with lazger areas of land. Behind the huts
are banana groves, consisting of early-maturing and late-maturing varieties for both
cooking and eating. The women tend a kitchen garden. In the spring, peas and
beans are planted among the bananas, while in the autumn, a plot is sown with
vegetables. Two or three Zebu cattle and a few sheep and hens are kept. The fodder
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basis consists of grass in the spacious homestead, roadside grazing, harvest residues,
fallow, and communal pasture.

The farmers of the Kakamega District have been cultivating for some
decades without fallow or fertilizer. Until a few years ago, the available dung
was used for fuel, together with straw and weeds, and the concentration of
nutrients in the kraals was at best utilized for a banana grove. The iniensive
campaign on the part of the Agricultural Advisory Service has in the mean-
time caused a number of farmers 1o collect and use animal manure., Where
maize—recently also hybrid maize—is grown as a cash crop, mineral fertilizer
has been adopted.

0.4.2. Millet holdings in Ukara, Lake Victoria

The Wakara, who live tightly packed (500 persons per square kilometre)
on a little island in Lake Victoria, 1000 metres above sea level, similarly
practise permanent rain-fed farming. The soils are derived from weathered
granite, with little natural fertility. The need to guarantee the food for a
dense population on these soils has caused the Wakara to develop and
apply the highly refined practices of a soil-conserving agriculture, although
no influence from immigrant people is recognizable.

The average Wakara family has only 1 hectare of arable land at its disposal, and
this is cultivated by hoe. The land is cultivated chiefly according to a three-year
rotation:

(1) Summer season  Bulrush millet, with manure and inierplanted legumes for
green manure (Croltaleria striata)
Winter season Growth of the green manure
(2) Summer season  Bulrush millet, with green manure dug in; groundnuts
planted among the ripening millet
Winter season Growth of groundnuts
(3) Summer season  Bulrush millet, with manure
Winter season Sorghum or manioc (in the case of manioc, a fourth year
of manioc follows)

In addition, small patches of irrigated rice are cultivated in the valley bottoms, and
hill land in the interior of the island is grazed.

The crucial problem in the "Wakara holdings is that of acquiring manure, which
can be done only by the production of fodder. The two or three cattle and the one
or two goats and sheep that are kept on the average holding are fed with harvest
residues, leaves of growing sweet potatoes and manioc, weeds collected while hoeing,
fodder grasses planted and watered on the island shores, and ratoon rice, which
grows on rice plots at the beginnings of the dry season. There are also some grazing
areas, Sometimes the animals are tethered, in order to economize on the available
grazing. The animals occupy one half of their hut and stand in deep litter. Bedding
consists of the remains from harvesting and fodder, leaves and branches of trees
and bushes, old roofing grass, and any other suitable material that becomes avail-
able. The household ash is applied to the nursery beds for rice. As well as using
green manure, the Wakara use ieaf manure; leaves from trees that are not sujtable
as fodder are carried to the field and dug into the soil.
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Even though the agriculture of the Wakara may be remarkable, it is
rgely a relic of a poorzr past. Their careful cultivation is not motivated
> much by the desire to increase their income as to guarantee the livelihood
f a growing number of people. The Wakara obviously work harder than the
ieighbouring tribes, but they are nevertheless poorer. When they migrate
o the mainland, they change to the semi-permancnt agriculture of the
Wasukuma, which, considering the labour input, provides a disproportion-
ately better income. The Wakara’s land use is an isolated example. The
population in the surrounding areas regard staying on the island, where
people are obliged to work from morning till evening merely to cover their
needs, as stupid, and the methods that they are obliged to use to manure their
land as dirty.

The Wakara's example shows that, in traditional conditions on moderately
fertile tropical soils, there must be a special emergency situation before
smallholders will adopt the labour-demanding techniques that ars essential
features of permanent rain-fed farming with soil conservation.

6.4.3. Groundnut-millet holdings in Senegal

Where the problem of ensuring the subsistence-food supply of a slowly
expanding population has entailed a gradual extension of permanent rain-fed
farming, as for example in Ukara, or on a large scale in China, more or less
intensive methods of traditional fertilizing have spread, and this guarantees
permanent cropping. These methods do require, however, a high labour
input, and the yield is low in relation to the amount of work done. Where
permanent rain-fed farming has developed on the basis of an increase in
market production by the local people, the situation is usually quite different.
The more rapidly production is commercialized, the less do the farmers
worry usually about conserving the soil.

An example of this occurs in the groundnut-millet holdings of Senegal (see
Table 6.3). The commercialization of the area began about 1850, and it has acceler-
ated in the last forty years. Rotations with the two crops groundnuts and millet
predominate. Where there is still enough land available, three to five years of
cropping are followed by a fallow of the same duration. in many regions, however,
cropping is practised for seven 10 wwelve years, and only then is a fallow period of
three to four years introduced, and in most cases there is no fallow period at all.

Increasing numbers of farmers are thus changing from semi-permanent to per-
manent land use, in which fallows are either short or absent. Groundnuts and
millets are mostly grown on the flat, without previous cultivation with either hoe
or plough. The traditional method of superficial hand clearing before planting is by
far the least costly. Groundnuts are increasingly planted with a seeder, giving row
cultivation. The use of improved varieties and the application of mineral fertilizer
to groundnuts as well as to millets have become standard practices. The quality of
the first two weedings conditions the yield, especially when fertilizer has been
applied. Horse-drawn or ox-drawn weeders are widely used.



TABLE 6.3

Farm-management data from maize-millet holdings, Kakamega District,
Kenya; millet holdings on Ukara Island, Lake Victoria; and groundnut~
millet holdings in Senegal

Location Nyanza Ukara Senegal
Year 1965 1965 1954
Rainfall (mm) 1600 1600 600
Type of farming Maize-millet Millet Groundnut-millet
Methnd Case study Survey Casc study
Number of holdings 1 25 7
People per household 7 7 7
Labour force (ME) 30 23 30
Size of holding (ha)® 22 23 80
Garden, homestead grazing (hia) 03 01 01
Pasture (ha) Communal 09 Communal
Available for cropping (ha) 19 1-3 79
Millet and sorghum (ha) 0-9° 08 39
Maize 1-3¢ — —
Groundnuts (ha) — 014 30
Manioc and sweet potatoes (ha) 02 03 -
Rice (ha) —_ 01 —_—
Other crops (ha) 02 01 -—
Total cropping (ha) 26 1-4 60
Cropping index® 137% 1079, 76%
Livestock per holding
cattle (no.) 2-3 3 3
sheep/goats (no.) 2 2 —
hens (no.) 7 7 ——
Yields
Millet (q ha-?) 10 10 5
Maize (q ha~?)! 20 - -
Groundnuts (q ha~?) - — 75
Millet ($ ha-?) 55 44 45
Maize (§ ha=?)® 130 - —
Groundnuts ($ ha-?) — —_ 60
Economic retern (per holding)
Gross return 280 182 358
Expenditure for purchased
material inputs 13 3 3gnd
Income 267 179 320
Less wages —_ -_ 40
Family income 267 179 280
Degree of commercialization
(sales as 9 of total return) 44 33 53
Productivity
Grogs return (4 ha~1)* 147 140 45
Gross return (§ ME-1) 93 79 119
Income (§ ha-?) 141 138 40
Income ($ ME-?) 89 78 107




ON RAIN-FED LAND 121

Because of the relatively large arca of land per worker, and because the ground-
nuts are grown as a major cash crop, farmers in Senegal attain a comparatively
high family income, but it is acquired at the expense of continual impoverish-
ment of the soils. Areas whose fertility has been exhausted by some decades
of cultivation are abandoned, and new ones aré cleared. Large areas where formerly
widespread cropping was practised yield scarcely anything today. The farmers, who
strive to earn as much cash as possible from groundnuts, are obviously not con-
cerned about loss of soil fertility. Referring to this point, the report of the research
station at Bambey stated that ‘further farming within the traditional land-use
systern must lead to the ruin of Senegal® (Tourte 1954).

The land-use system of the Screre in Sencgal is an exception to the general
practice. This tribe practises a biannual rotation of millet and groundnuts
with almost no fallow, but this appears to have no harmful effect on the soil.
The explanation lies in the integration of cropping and animal husbandry.
The land of the Serere. which receives not more than 600 millimetres of rain
annually, supports 60-70 head of cattle per 100 hectares of total area, half
of which is cropped and the other half more or less permanently grazed.
The arable land is fertilized by systematic folding. The bare land is also pro-
tected between harvest time and the next sowing by a leguminous tree
(Faidherbia albida), which comes into leaf during the dry season, thus pro-
viding valuable fodder when grazing is scarce. [t loses its leaves in the rainy
season, and does not therefore interfere with farming operations. The
countryside, dotted with smaller and larger Faidherbia albida, resembles a
widely spaced orchard (Dumont 1966, p. 121). Permanent cropping is thus
associated with permanent grazing and a permanent fodder supply from
trees in the dry season.

6.4.4. Millet-wheat holdings in the Bombay Deccan

Whereas, on the one hand, the Wakara try, through various fertilizing
methods, to maintain soil fertility in permanent farming, and on the other

* In Nyanza and Sencgal without pasture: in Ukara including individually owned pastures.

©» Of which 0-2 hectares arc planted in the autumn.

¢ Of which 1-0 hectare maize-bean mixture is planted in spring, and 0-3 hectares pure
stand of maize in autumn.

4 Bambara groundnuts.

e Cropping index: area cropped as a percentage of the area available for cropping.

¢ Plus a bean yield of 3 quintals per hectare.

r Maize and beans together.

n Unconfirmed estimate.

1 Principally purchase cf groundnut seeds.

1 Most families in Nyznza get an income from work outside the holding. in Ukara and in
Senegal only a small number of households have an outside income.

% In refation to the area available for<ropping.

Data from: Nyanza, personal surveys (1965); Ukara, Ludwig (1967, p- 206); Senegal,
Tourte (1954).
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hand we can observe in Senegal an obvious decline in soil fertility, in large
areas of India the yields in the course of several centuries of permanent
cropping have stabilized at a very low level, especially where there is no irriga-
tion and the soils are naturally poor. This is illustrated by the millet~wheat
holdings of the Bombay Deccan, which is known as a famine area.

A typical holding of the area comprises 6-7 hectares of arable land. 10 per cent
of the land can be irrigated from time to time with the nelp of welis or tanks. In
summer (kharif season), millet and sorghum are grov.n, and in winter (rabi) wheat.
Supplementing this, we find small irrigated plots of sugar-canc and vegetables. The
cropping area amounts in all to 107 per cent of the arable land (see Table 6.4).
Cultivation is carried out with a wooden plough with an iron spike. Seed-harrows
and hand drill machines are found here and there.

Low yields per hectare lead to the low gross return per farm of only $t13, or $17
per hectare, at price levels of 1957, There remains a familv income of only $82, or
$30 per available worker, which is far less than in the African systems illustrated
in Table 6.3. Only about half of the labour capacity available is employed in work
on the holding. The main object of production is to ensure food for the family and
draught animals.

Admittedly, the millet-wheat holdings reveal some featurcs thai indicate an
advanced level of agricultural technique. Animal manure and compost are taken
by ox-cart to the fields. Grass and bedding are collected from waste land and be-
come part of the animal manure, so that nutrients from land outside the holding are
imported onto the arable 1and, particularly the irrigated plots. Grazing is supple-
mented by arable fodder, and some hay is produced. But all this is not enough: the
soils are poor and the rainfall uncertain; the yiclds of 2-4 quintals per hectare of
millet and 34 quintals per hectare of wheat are lower than the yields usually found
in shifting cultivation.

The holdings are burdened by having to keep work animals. Draught oxen
consume about one-third of the gross production, and they are only used to half
their capacity. It is, however, essential to keep work animals to guarantee a
livelihood, because large areas must be cultivated and this can be done only with
the plough. The need to keep draught animals increases the need to keep cows, the
main point of which is not so much to supply milk and manure—meat is in any
case not eaten—but to produce bull calves. Slaughter of cattle, even of old and
useless animals, is barred in the area both by traditional value systems and by legal
prohibition.! The holding suffers, therefore, not only from the immediate burden
of draught animals, but also from the burden of keeping several cows whose
principal function is to continue the supply of draught animals, without being used
as draught animals themselves.

6.5. Weaknesses of the system

The scope for increasing production within traditional agricultural methods
diminishes as land reserves are exhausted and yields per hectare stagnate at a
low level. Permanent farming carried out on impoverished soils may well te

! Section 4, Article 48 of the Indian Constitution asserts that the states should ‘take
steps for preserving and improving the breeds, and prohibiting the slaughter of cows,
calves and other milk and draught cattle’,
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Farm-management data of a millet-wheat holding in the Bombay Deccan,

Rainfall (mm) c0
Year 1957
Number of holdings 29
Method Sample survey
Persons per houschold 7
Labour force (ME) 2:8
Size of holding
Arable land area {hwa) 663
Summer cropping (ha)
Millet 2:63
Sorghum 093
Chick-peas 0-335
Groundnuts 0-28 (with some irrigation)

Other grain/leguinacs

099

Other crops 035
Winter cropping (ha)
Wheat/safflower 1-35
Both seasons (ha)
Sugar-cane 0-07 (irrigated)
Vegetables 0-14 (irrigated)
Toial 709
Cropping index 107%
Livestock per holding
Draught animals (no.) 3
Milk cows (no.) 2-3
Goats/sheep (no.) 1-2
Farm capital (5 per holding) 867
Land 147,
Implements 4%
Livestock 179
Farm buildings 4%
Yields
Wheat (q ha™') 39
Millet (q ha™*) 2:6
Chick-peas (q ha™!) 28
Milk (kg per cow and year) 110
Wheat (5 ha™?) 30
Millet (3 ha~?) 17
Chick-peas (3 ha™?) I5
Economic return ($ per holding)
Gross return 13
Expenditure for purchased material inputs 18
Tax, etc. 13
Family income 82
Productivity
Gross return ($ ha=!) 17
Gross return ($ ME~1) 40
Value added ($ ha=?) 12
Valuc added ($ ME~?) 30

Employment of available labour capacity 49%

* At price levels of 1957. The all-India index numbear of wholesale prices of agricultural
commodities stood at 109 in January 1957, and at 211 in January 1967 (basc: 1952-3 =
100). Indian agriculture in brief, p. 154. 9th edn, Delhi (1968).

Data from: Driver and Deasi (1957).




124 SYSTEMS WITH PERMANENT CULTIVATION

considered as a final stage in the land development that begins with shifting
cultivation, leads to semi-permanent farming vielding somewhat higher
incomes per hour of work, and ends with a low-level equilibrium in per-
manent rain-fed farming,

The growing population’s increasing subsistence demands and the exten-
sion of cash cropping, in order to cover increasing cash demands, are the
driving forces behind changes in farming systems. Three overlapping phases
may be distinguished in respect of these processes:

(1) The first step consists usuaily of extending a given farming system by
establishing new smallholdings in expansion areas, wherever they are
available.

(2) When therc are no more expansion areas available, or when the distance
between the expansion areas and the original settlement area becomes too
large, intra-farm land reclamation acquires importance, and cultivation is
extended at the expense of the fallow. The transition from shifting cultiva-
tion to semi-permansnt and permanent farming occurs slowly but surely.
(3) Cropping patterns change at the same time. As land use becomes more
permanent, the relative suitability of some crops diminishes, while that of
others increases. Thus a change in the type of crop ensues. The cultivation
of such crops as manioc and sweet potatoes gains ground, since they yield
high and certain calorie returns per hectare and per hour of work, and
therefore release land and labour for the cultivation of cash crops. Millets
and maize diminish in relative importance.!

As long as these three possibilities still exist we can count on rates of produc-
tion growth that are at least as high as those of population growth, However,
as soon as production reserves of this type are exhausted, there is a distinct
danger that, to follow the nomenclature of Geertz (1963), agricultural
evolution will turn into involution. Increasing subsistence demand leads to
the reduction of the cash-crop area, and low-yielding though high-quality
foodstuffs, such as millet and maize, are replaced by high-yielding but low-
quality food crops, like manioc and sweet potatces. The greater the popula-
tion density and the smaller the farms, the higher is the percentage of crops
like manioc and sweet potatoes and the lower the percentage of maize in the
subsistence food. The final stage of this type of involution consists of very
small holdings, without room for cash cropping, which grow root crops

! Yields in traditional farming are frequently about 6 quintals per hectare for millet,
12 quintals per hectare for maize, 80 quintals per hectare for sweet potatoes, and {00
quintals per hectare for manioc, These amouni, in kilocalories per hectare, to 2060 (millet),
4270 (maize), 7750 (sweet potatocs), and 33 800 (manioc). If we estimate the growing
period of millet, maize, and sweet potatoes to be 4 months and that of manioc to be 18
months, the monthly returns in kilocalories per hectare are with millet 515, with maize
1070, with sweet potatoes 1930 and with manioc, which occupies the field for an especially
long period, 1880,



ON RAIN-FED LAND 125

almost exclusively. The families living by this type of farming are particularly
poorly nourished, discases are more widespread than elsewhere, and the
extent of underernployment is particularly great.

The system of land use vn Ukara in Lake Victoria is a remarkable attempt
to overcome this process of pauperization. But even when all imaginable
measures open to pre-machine men are applied to retain the fertility of the
soil, as they actually are on Ukara, it is apparently not possible to avoid
decreasing returns per hour of work when land use is intensified on tropical
soils within the traditional state of agriculture. The average returns per hour
of work are particularly low on Ukara (sce Table 6.3).

A similzr involution can be observed in the animal economy. In unregulated
ley systems with sufficient grazing, the herds per family are large and the
animals well fed. A spatial increase in arable farming reduces the grazing
area until almost all of the land is annually cropped. The production of
fodder crops is neither customary nor competitive. This usually gives rise to
a situation with high numbers of poorly fed cattle. In some cases, cattle are
replaced by goats and sheep. Only in exceptional cases is the cattle economy
integrated into some type of mixed farming, The cattle numbers per family
decrease, therefore, with increasing permanency of cultivation, although
livestock densitics per 100 hectares may be high. The final phase of this
involution is reached when the livestock economy is reduced to small herds
of animals per family—mainly goats—which live on crop residues and on
areas unfit for cultivation.

Neither of the methods to increase output that are practised so skilfully
by smallholders—extending the cropping area and changing the cropping
pattern—is sufficient to sccure a rising income for a growing population.
There is a great danger of stagnation at a somewhat higher level of income,
or of a decline in incomes, once these pessibilities are exhausted.

Increasing land shortage reduces not only the marginal returns of labour
but often also those of land. The smaller the holding, the lower are, as a rule,
the average gross return and the marginal gross return per hectare, simply
because the smaller the holding the smaller is the scope for cash production
with crops yielding high returns per hectare.

A situation like this is revealed, for example, in three neighbouring districts in
Sukumaland. In the thinly populated Shinyanga area the family income rises
rapidly and constantly as the labour capacity increases. In the more densely popu-
lated Kwimba area labour productivity is alrcady considerably lower. Finally, on
the island of Ukerewe, Lake Victoria, where permanent cropping is practised, there
is scarcely any connection between family income and the family's labour capacity
(see Fig. 6.5).

Because of the priority attached to subsistence-food production, the small-
holdings with permanent rain-fed farming are caught in a situation that
might well be called a ‘low-level equilibrium trap’. The only way out, except



126 SYSTEMS WITH PERMANENT CULTIVATION

by migration, is to attain high returns per hectare and per animal by intro-
ducing yield-increasing innovations,
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FIG. 6.5. The relation between land availability and labour productivity in three areas of
Sukumaland, Tanzania (from Rotenhan 1968, p- 78). Twelve families out of the total of
seventy-five studicd have been omitted because they receive non-agricultura! incomes,

6.6. Davelopment paths of permanent cultivation
systems

6.6.1. Improved permanent cultivation Systems

(a) Technical innovations. The possibilities for intensification and improve-
ment of permanent arable farming on rain-fed land have been drastically
changed by technical progress. Intensive cropping with decreasing soil
fertility and low yields per hectare used to be the final stage, a blind alley in
the development of tropical farming systems for those who had not enough
land for fallowing and not enough water for irrigation. Now, we have an
almost unlimited number of useful innovations, which are of limited applic-
ability in shifting and semi-permanent systems, but which, from a technical
standpoint, are fully applicable in permanent farming,. These inciude:

(1) new crops, new or improved varieties, and improved animals;

(2) new types of material inputs, such as mineral fertilizer, pesticides,
equipment, and tractors; and

(3) new and improved husbandry practices, which have become worth
while because of new activities, better varieties, and new types of input.

The work of many research stations indicates that permanent arable
cropping with high yields can be practised in a tropical climate, with the
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liberal use of organic and mineral fertilizer, terracing, and soil-conserving
rotations. The interaction between better varieties of new crops, mineral
fertilizer, improved husbandry, and the use of tractors is of especial impor-
tance for permanent cultivation systems. The proper timing of operations,
which in rain-fed farming tends to be a major determinant of yields per
hectare, can be achieved much better with tractors than with hoe or ox-
plough cultivation. On the other hand, we must not overlook the fact that the
realization of !l that is technically and economically possible in permanent
rain-fed farming requires significant institutional changes: appropriate types
of land rights, land consolidation, efficient services, and a wide range of oth 't
associated structural elements, without which full development cannot be
achieved.

It is important to realize that new farming inputs have to be purchased.
The way out of the low-level production trap of traditional permanent
cropping is dependent on cash production and on markels. Prices must be
sufficiently attractive to induce changes in inpus patterns. These preliminary
requirements do not yet exist in most ci ses, so that most permanent rain-fed
farming stili takes place at a low level of productivity.

(b) Introduction of new rotations. Even more demanding than the introduc-
tion of new cash crops and new inputs is the introduction of mixed farming,
which might be considered the most important step in putting permanent
cropping systems on a sound, self-sustaining basis. Two main starting points
may be distinguished: the combination of fodder production on the arable
land with intensive types of animal husbandry, and the inclusion of green-
manure crops in the rotation.

The first way is the more intensive one, especially with dairying. Conspicu-
ous increases in output may be expected, because of the inclusion of legumin-
ous fodder crops in the rotation, liberal application of manure, the application
of fertilizer, better soil cultivation, and other soil-improving and conserving
practices." On the other hand, the high input of labour and capital connected
with intensive animal production must not be forgotten. In permancat farm-
ing, stabling with no grazing (cut and carry systemns) is often preferred to
keeping the cattle on pastures. Conseguently, to the high investment required
for dairy stock, which is also incurred in regulated ley systems, must be
added the cost of stables, the provision of water, spreading manure, and
transport for fodder and manure. Mixed farming on a low level of intensity,

1 Acrording to Guinard (1957), in the West African savannas 10 tons of animal manure
per hec:are is required annually for permancent cropping of raillet or sorghumm. It has been
suggested that, in East Africa, dressing of the order of 24 tons of "r¢myard manure per
hectare per year, or 7-5 tons every three years, of 15 tons every five years, is probably
necessary to maintain yields in the abs:nce of mineral fertilizers (Webster and Wilson 1967,
p. 188). Very small quantitics of manure, amounting to 2} tons per hectare per year, were

sufficient to maintain yields in most areas of northern Nigeria, according to Alkali (1967,
p- 8.
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with a poor fertilizing system and traditional patterns of animal husbandry,
is widely practised in India and yields low returns. But intensive mixed
cropping, including heavy manuring and high-technology animal husbandry,
is so far seldom found in the tropics because it requires so much in capital,
knowledge, and markets.}

Intensive green manuring is technically easier, substantially cheaper, and
probably conserves the soil equally well.? The capital costs of livestock and
the costs of transporting fodder and manure are not incurred: the green-
manure crop is ploughcd irte the soil where it grows, The main problems of
a mixed-farming system based on green manure are:

(1) Insufficient land supply—farmers cannot forgo the income derived
from cropping the Jand that is expected to carry the green-manure crop.

(2) The cost of mineral fertilizer for the green-manure crop.

(3) The amount of traction power required to plough in the green manure
~animal or hoe cultivation is often inadequate and tractors are essential.
(4) The retention of nitrogen as the green-manure crop rots, because it is
often difficult to plough in the green-manure crop in time, especially in
the drier savannas.

(5) The difficulty of arranging for green-manure crops to cover the soil
in the dry season and protect it from the sun. Thus, ploughing in is bast
done at the end of the dry scason. However, a goed seedbed, resulting
from the careful ploughing in of the green manure, cannot be created very
easily at this tine of the year.

Intensive green manuring is tied to effective traction power and to favour-
able price conditions, but not to the same extent as i5 intensive animal
husbandry. The developments so far in Africa, particularly in West Africa,
indicate that permanent cropping systems with green manuring are more
economical, and therefore are more likely to spread rapidly, than systems
with intensive animal husbandry. In the intermediate forest zone of Ivory
Coast, for instance, where there are two rainy seasons, rain-fed rice and
cotton are grown in one year for two to three years, followed by two to three
years of a green-manure crop (Stylosanthes).

(c) Introduction of intensive permanent pastures. Where permanent cultiva-
tors in the tropics have permanent pastures, these pastures are, except in

b A special form of mixed farming is the combination of mixed rain-fed cropping with
fodder cropping from bushes and trees. In West Africa, we already find an instance of this
which is economically important: the seeding of Faidherbia albida (see §6.4.3), which, with
row planting at the edges of fields, can be used in combination with plough culture. The
disadvantages of this kind of combination are (1) the slow growth of the Faidherbia albida,
(2) the difficulties of seeding (the seeds do not germinate until they have passed through the
stomachis of the cattle), and (3) the thorns on the branches, which are tolerated by only the
undemanding Zebu cattle.

2 In the savannas of West Africa, 30 tons of green manure are said to have the same
fertilizing effect as 10 tons of animal manure (Guinard 1967).



ON RAIN-I'ED LAND 129

some highlands, almost always on land that is unfit for cultivation and pro-
vides only poor grazing. It is conceivable, on the basis of more recent tech-
nical progress, that future arable systems in the tropics will have intensively
used, permanent pastures on potentially arable land. In the humid tropics
the growth of herbage is rapid, and heavy yields of green inaterial may be
obtained from sown or planted stands with a heavy application of mineral
fertilizer. Onc hectare of properly managed grass in humid tropical areas is
capable of supplying cnough green fodder for four, or evei six, cows (Whyte
1967, p. 126).

The difficulties of using tropical grasses are summed up by Whyte (1967,

p. 56) as follows:

However, quality is vsually below that of good herbage froen the temperate zone,
particularly in respect of dry matter. As one of the direct effects of a tropical
climate is to depress the appetite, a low dry matter content further reduces the
ability of the aninal to obtain enough dry matter for maintenance and production.
The dry matter intake of dairy cattie in Trinidad during the wet season is sig-
nificantly less than that of the same animals during the dry season.

The problem is further complicated, because the crude fibre content of humid
tropical herbage appears to be consistently higher than that of temperate herbage
at the same stage of growth, an additional disadvantage to animals that are
finding difficulty in eating sufficient bulk of watery forage.

He continues (p. 81):

There are only very limited arcas in the humid tropics where the rainfall is so
uniformly distributed throughout the year that supplementation of available
grazing resources is unnecessary When farms are stocked to full capacity. There
is also a fairly long period in each year when the growth of pastures and fodder
crops is greater than the requirements of the farm animals. Unfortunarely, even
when the best harvesting practices are adopted, the tropical grasses that are best
suited to hot humid enviromnents are relatively coarse and of only limited
nutritive valuc. Even when nutrient losses in conservation aie reduccd to a
minimum, the final product will be inferior in quality to conserved fodders in
the temperate zoue. The fundamental problem with which agronomists in the
humid tropics have to contend is thic fact that the surplus herbage which may be
harvested for conservation usually grows at a time when weather conditions are
quite unfavourable for the making of good hay and/or silage.

In many respects the first steps have been taken to overcome these problems.
New fodder plants, which are locally unknown, are being made available.
Silage made from grass or fodder crops grown on the arable land can help
to provide fodder in the dry scason.

As improved permanent pastures are created, it is debatable whether
grazing systems should be preferred to zero-grazing. Whyte (1967, p. 69)
writes:

The argunients genzrally produced relate to the extra costs and labour involved

in cutting the feed and cariying it to the animals, and to the fact that this system

breaks the fertility cycle—the movement of plant nutrients from the soil to the

10
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plant, to the grazing animal and back to the soil in the form of dung and urine,
The grazing of highly bred, highly productive dairy cows in the tropics or in
the hot summers of the subtropics raises a number of problems relating to heat
load. Under tropical conditions with a long growing season, extended, if neces-
sary, by seasonal irrigation with clean water, cowshed wash or sewage, very high
yields of palatable tropical grass may be obtained. Two factors then arise:

(a) There is on average temperate pastures a loss of 40 per cent of the herbage,
due to trampling and wurine poisoning; on tall, high-yielding tropical
pastures this percentage may even be higher, when grazed, and the loss of
precious feed represented by that percentage may be too great to contem-
plate; and

(b) There must be a threshold value for yield, above which too much of the
herbage is rendered unpalatable through the dropping of very large amounts
of dung and urine by grazing animals.

Thus, the higher the yield from a tropical grass crop, the less can one justify
grazing it. Some specialists say that when labour is still available and cheap, it is
preferable to adopt the cut-and-carry system or zero-grazing and obtain 100
per cerit of the yield, provided arrangements are made for full return of animal
fertility back from the cowsheds to the land. It would be argued that the 40 per
cent loss due to grazing and trampling is worth more than the costs involved in
the cut-and-carry sysiem. Others would say that the more expensive the labour,
the more economic will the cut-and-carry system be compared with grazing, as it
can be highly mechanized, can assure the effective utilization of all the fodder
produced on intensively cultivated land, and will make it possible to obtain a
higher return per labour hour than in any other system.

Where intensive dairy production is found in the tropics, for example in the
West Indies and in various Latin American countries, grazing systems on
permanent pastures are usually preferred. In smallholdings with tree crops
(see §§8.4-8.6), and in irrigation farming (see §7.4), cut and carry systems
are, however, establishing themselves.

6.6.2. Change from permanent rain-fed cultivation to other types of farming

(a) From rain-fed cultivation to irrigation farming. Generally speaking, we
find among permanent cultivators in the tropics the tendency—wherever
there is the opportunity—to develop irrigation at the expense of rain-fed
farming, especially where holdings are small. Even small irrigated plots can
be important in reducing the risk of harvest failure, in using labour and trac-
tion power regularly and to their full capacity, and in producing a regular
supply of fodder.

Over the centuries, in south-east Asia particularly, the change from shifting
and semi-permanent systems to wet-rice systems has taken place (Pelzer 1957,
p- 7). Wet-rice developments begin, as a rule, by using valley bottoms, and
as the land becomes more scarce terracing is developed on the slopes. In
Madagascar this process is in full swing, and in East Africa it is in the initial
stages. Relatively large areas could be made suitable for wet rice in Africa
and Latin America,
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Whereas we may expect an accelerated change from shifting, semi-
permanent, and permanent rain-fed farming to irrigation farming, and parti-
cularly to wet rice in Africa and Latin America, it seems doubtful whether
this tendency will continue in the densely populated regions of south-east
Asia. The conversion of marginal hill land to irrigated terraces requires a
high input of capital and manual labovr, The rice terraces on the slope are
mostly narrow, and it is difficult to mechanize the labour operations. With
the new means of increasing the yield on the existing rice land, by using new
varieties, mineral fertilizer, pesticides, etc., it is in general more profitable to
use the existing areas morc intensively than to create new rice terraces.
Technical progress has, moreover, considerably improved the production of
rain-fed farming, so that the transition to wet rice ne longer vepiesents the
only way of increasing the productivity of {and and {abous. Under the condi-
tions of traditional agriculture, however, it was more or less the only way.,

(b) From rain-fed cultivavion to percnniai crops. The change-over to
perennial crops, particularly bananas, for food and to varicus tree crops for
cash, is another obvious tendency as population density rises and com-
mercialization increases. Bananas produce aimost s many kilocalories per
hectare as tropical root crops, with less labour per unit of starch. Banana
groves offer an almost complete cover for the soil and improve its fertility.
They are clearly an attractive alternative to permanent arable cropping
wherever soil and climate are suitable.

Over and above this, therc are many indications that tree or bush crops
are gaining in hnportance as development takes place. On the slopes of
suitable areas small plantations are frequently spreading at the cost of
permanent arable farming. Examples are the coffee and the tea plantations
of the Kikuyu in Kenya, and the tea and fruit plantations of the smallholders
in Taiwan. It can usually be observed that the displacement of permanent
arable farming by tree or bush crops depends on the cash-cropping opportu-
nities, i.e. on the availability of attractive markets.
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7.1. Deofinition

IN tropical arable farming, irrigation systems are of particular importance.
The emphasis on irrigation is especially pronounced where the climate is
warm, the population density high, and the land intensively farmed. ‘Irriga-
tion’ describes those practices that are adopted to supply water to an area
where crops are grown, so as to reduce the length and the frequency of the
periods in which a lack of soil moisture is the limiting factor to plant growth.
This is dore in two main ways. Water that has fallen as rain on another piece
of land may be collected and ied onto the area that is to be irrigated. This
procedure is usually called artificial irrigation. Alternatively, water falling
on a given area may be impounded and held there, in order to reduce run-off.

In irrigation farming we therefore include a number of primitive forms of
water delivery and water impounding, which do not necessarily ensure a
regular and reliable water supply to the plants. In widespread areas of the
tropics, rice is first irrigated in the sense of being wet-field rice. The fields are
ploughed and planted in the rainiest season of the year and have earth walls
round them, within which the rain-water falling on the field itself or coming
from neighbouring areas is impounded. Later, at some point before the
maturity of the plants or the ripening of the grain, many of these fields dry
out, owing to the cessation of the rains and the absence of water supplies.
This canrot accurately be called irrigation rice, but neither is it properly
termed dry-land rice. Certainly, in terms of agronomy and farin management,
the features of this transitional form correspond rather 1o those of irrigation
farming than to those of rain-fed farming. We thus include wet rice, and
corresponding primitive methads in other crops, among the forms taken by
irrigation farming.

7.2. Types of irrigation farming and their
goographical distribution
The guiding principle of rain-fed farming is the adaptation of cropping
to the conditions of soil and climate. Irrigation systems, on the other hand,
because they involve increasing control of water and reliability of water
132
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supplies, are characterized by a ‘control of nature’. Both water supply and
soil conditions become increasingly subject to human control. Therefore,
we classify the forms that irrigation farming takes according to the water
supply system, the cropping system, and the exploitation system.

7.2.1. Water supply systems

Table 7.1 gives a synopsis of the various possible methods of water supply,
water distribution, and water application. Water for irrigation can be ob-
tained from natural flows by diversion, damming, or pumping. The various

TABLE 7.1

Irrigation metheds

(1) Metheds of obtaining water
(a) Diversion of water from natural flows (river, stream or spring)
(b) Damming:
(i) Retention of tidal water
(if) Impounding of rain-water in paddy fields
(iii) Retention of the water of seasonal streams in tanks and
small dams
(iv) Retention of river water in large dams
(v) Exploitation of natural stores of water, lakes, etc.
(c) Pumping:
(i) Manpower—pumping by foot, using a lever arm, etc.
(i) Wind and water power—wind pumps, water wheels, etc.
(iii) Animal power—winches, inclined plane, etc.
(iv) Motor pumps

(2) Methods of water distriburion
() Ditches (lined and unlined)
(b) Flumes
(c) Pipelines

(3) Metkods of water application
(@) Flocding (conirolied and uncontrolled)
(b) Basin irrigation
(c) Furrow irrigation
(d) Sprinkler irrigation
(¢} “Underground infiltration

ways of damming water are particularly prolific. They range from relatively
simple methods like retention of tidal water (rice irrigation on the coast of
Java, date irrigation in Schatt al Arab, Iraq), growing of swamp rice in
naturally flooded areas of river valleys, and impounding of rainfall in paddy
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fields, to more sophisticated and artificial methods, especially the damming of
water courses, which can involve capital works of enormous size and cost.!

Water is conveyed either on the surface in canals ot ditches, above ground
through flumes, or underground in pipelines. The inain methods of applying
water in the fields are by flooding, basin, furrow, and sprinkler irrigation
(see Fig. 7.1). Flooding is the practice of letting water onto a larger plot, the
water being distributed either into basins or by furrows. Basin irrigation is
the practice mostly applied in intensively cropped smallholdings: wet rice is
almost always basin irrigated. Here water stands in the basin during all or
part of the vegetation cycle. Water distribution with the help of small basins
is also usual for irrigated vegetable production. Furrow irrigation is usually
associated with the use of a tractor and comparatively large, well-levelled
fields, as, for instance, fields for cotton-growing in Gezira, Sudan. There are,
however, numerous intermediate forms between basin and furrow irrigatio:.
Large-scale irrigation schemes, with sizeable dams and extensive canal
systems, are found principally in the subtropics. In the tropic, irrigation: is
maialy basin irrigation. Supply of weter by traditional pump methods that
employ people or animals is common, particularly in India, but in recent
times the motor pump has spread rapidly in the tropics. Sprinkler irrigation
in the tropics is still in its initial stages and mostly applied to perennial crops
like sugar-cane or coficc.

Cropping patterns and the farm-management problems of an irrigaicd
holding are decisively influenced by the degree of water availability and
water reliability.

(a) Water availability and Jand use. Water availability on the holding can
be considered from a number of different points of view:

(1) The availability of water in relation to area. Holdings on which it is
possible for all the land to be irrigated are found principally in the flood
plains of large rivers (China) or near canals (Punjab).
Where irrigation is supplied by small streams or springs, usually only
a part of the holding arca caz be irrigated. In these cases the holding
contains two distinct types of farming: irrigated production and supple-
mentary rain-fed cropping.
(2) The availability of water in relation to time. Holdings whose land is
irrigated the whole year round, thanks to water supplics that flow all the
year, are in the especially privileged position of being able to crop inten-
sively and continuously. This is true, for example, of oasis agriculture, and
1 particularly ingenious methods for obtaining water are uscd ir. highly populated but
dry areas. An example is the method of water procurement in the Yemen. Rainfail on
rocky surfaces is conveyed into adjoining ezrth-bound fields. In some areas—for instance
at Sunnatayn, 150 kilometres north of Sanaa—TI found a systematic alternation between
fields and completely eroded rocky surfaces in a ratio of about 1 to 3, i.e. 3 hectarzs of

rocks with a high run-off convey about 50 per cent of the 300 millimetres of rainfail they
receive to 1 hectare of arable land.
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of rice-growing in Taiwan, Java, southern India, etc., where there are two
or more harvests annually.

Water discharges from rivers generally have peak periods, and irrigation

farming has to be adapted to the avaiiability of water during the year. In
holdings whose water supply is sufficient for irrigation in only one growing
season, the question arises as to whether rain-fed farming is possible for
the rest of the year. In the semi-dry or dry zones, the irrigation area lies
fallow in the dry season, or serves as pasture. In south-east Asia, the
production of monsoon rice in paddics is typically confined to the wet
scason. Where the rainfall is high enough, however—for example in
Ceylon and the highlands of Madagascar—irrigation farming and rain-fed
farming alternate on the same land: in the summer it supports wet rice;
in the drier, winter season non-irrigated grain or legumes. The availability
of irrigation water in the dry season is of particular value in areas with
pronounced and heavy rainy seasons, because during the rains crop devel-
opment is often stunted owing to waterlogging, cloudiness, and plant
disease. Crop yields are usually much higher during the dry season.
(3) The availability of water in relation to quantity. Over and above this,
we distinguish between: (i) crops that rely fully on irrigation, and could
not be grown at all if additional water were not available; (ii) the supple-
mentary irrigation of crops that could also be grown without additional
water, but yield higher returns on irrigation; and (iii) semi-irrigated fields,
which receive surplus water from fully irrigated fields whenever there is
surplus water available.

In the first two cases a further distinction may be made according to
whether irrigation holdings have plenty of water; or water is scarce in
relation to plant needs, or must be bought at high prices.

Where there is no lack of water—as for example in the Burmese rice
holdings—the objectives of farm management lie less in maximizing the
value of output per cubic metre of water than in maximizing the value of
output per hectare or per worker. In other cases—for example in the cotton
holdings of Gezira, in the Suda—a high productivity per hectare is of
less importance than a high productivity per unit of water.

Limited availability of water leads necessarily to systems of water distribu-
tion, which then influence land use. In most irrigated areas, a common water
supply is shared by a number of users. Division of the water in such cases
may be based upon established priorities for use, or the users may share
equally in the available supply, with division based upon the area irrigated
by each farmer. The total flow is sometimes divided among the users so that,
according to this entitlement, cach obtains his share as a continuous flow
throughout the season. A more common practice, however, is to rotate the
use of the full stream among users. The length of time during which each
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user is entitled to make use of the water is usually based upon the area irri-
gated by him, and is limited so that a!l users will have an opportunity to share
in the use of the water at reasonable intervals. Another method of distributing
irrigation water, which is used on the more highly developed irrigation
projects, is delivery of water to the users upon request. This requires the
maintenance of a flow of water in the entire canal system throughout the
irrigation season.

The cost of the water, which is met from water charges, taxes on irrigable
land, or betterment levies, is also an important factor in determining the
irrigation method used. Where water costs are high, water-saving irrigation
methods will be applied, and crops will be grown that yield comparatively
high returns per uait of water (Boucher 1967, p. 3).

(b) Water reliability and land use. It is the ultimate objective of irrigation
works tc put the icrigator in such a position that he has water under his
centrol at all times. This ideal arrangement is, however, not usually attained.
Most irrigators in the tropics work under the threat of flood or drought. The
reliability of water supplies is a decisive factor in the organization of irrigation
systems, which can be classified according to this.

(1) The water supply is particularly unreliable where it depends on
seasonal flooding. Thus, for example, in river-flooded areas on the west
coast of Madagascar, in the Niger Delta, in Mali, on the flood plains of
the Amazon Basin, or in the Rufiji Delta, Tanzania, rice is planted on land
where water is sure to collect during the flood season. The flood water is
normally sufficient t» produce a reasonable rice crop.

(2) Tn swamp-rice systems use is made of naturally dammed water. For
example, in Ceylon and West and East Africa, damp, swampy hollows are
planted with rice in the rainy season.

(3) Water supplies fluctua .2 videly where natural rainfall is impounded in
paddies. The farmer has, as 1 rule, a0 influence on the water supply for
his rice, but he tries to adapt the run-off from the basin to the requirements
of the rice crop.

(4) Water supplies obtained by diverting the natural flow of streams, or by
storing water in tanks and small dams, will normaily fluctuate in quantity
during the irrigation season, and will vary from year to year. The same
often applies in the case of wells, which may become dry after years with
poor rainfall. Consequently, some of the irrigators will have to reckon
with reduced water supplies in some years.

(5) The most productive forms of irrigation farming are assaciated with a
controlled and reliable water delivery. This is usually the case where the
water is obtained from a large surface reservoir or by pumping from an
underground reservoir (Boucher 1967, p. 2).
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With a decrease in the control and reliability of the water supply, produc-
tion risks increase, and these become greater as the intensity of farming
increases. Irrigation systems with uncontroiled and unreliable water supplies
are therefore in general more extensively managed and offer reduced scope for
introducing agricultural innovations. As the water supply becomes less
reliable, crops like sorghum, with 2 lower productivity but a low suscepti-
bility to partial drought, arc given priority over other, better but more
vulnerable crop types.

(c) Water quality and land use. Another important factor influencing land
use is the quality of water, in particular its content of salt, which niay deter-
mine irrigation methods and cropping patterns as well as investments in
drainage. Where the salt content of the water is high, we find a preference for
salt-tolerant crops like date-palms, cotton, rice, barley, lucerne, and cabbage.
As far as possible, farmers will try to irrigate in those seasons when the salt
content of the water is relatively low, and they will prefer irrigation methods
like sprinkler irrigation, which reduce the import of water and thus of salt.
Under extensive farming conditions, fallowing, shifting of the crop area,
and rotationai irrigation are used to prevent the loss of land due to excessive
salt accumulation in the soil.

7.2.2. Cropping systems

The close relationship between water supply, availability and reliability
on the one side and socio-economic conditions on the other has caused
various cropping systems to develop. The principal difference is between wet-
rice systems and other arable irrigation systems.

In wet-rice systems, the land is fiooded and the crop is grown in wet soils
from the time of transplanting or seeding until harvest approaches. The
methods used are not common to other crops, because the physical, chemical,
and biological conditions in flooded rice fields diifer substantially both from
those et in rain-fed farming and from those that occur in other types of
irrigation systems (see §7.4.2). Wet-rice systems have for centuries been the
most important form of land use in south-east Asia, in terms of both area
and the economy. In Africa and Latin America, wet-rice cultivation is
spraading quickly.

Other major tropical irrigation crops are cotton, sugar-cane, groundnuts,
wheat, and vegetables. Large arcas of irrigated cotton are grown in India and
the Sudan. In India, we find also important farming systems with sugar-cane
and wheat as the dominant irrigation crops. Numerous minor irrigation
systems, frequently bascd on various arable crops and on vegetable produc-
tion, are found in practically all parts of the tropics.

7.2.3. Exploitation systems
While we can say that shifting and semi-permanent systems are the pro-
vince of smallholders, that regulated ley systems tend to be best suited to
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units that are sufficiently farge for animal or tractor ploughing, and that
tropical permanent rain-fed farming is 2gain the province of smallholders,
we cannot generalize about fama size in tropical irrigation farming, Tradi-
tionally, irrigation farming and high population densities are two charecter-
istics of the same setiing, Hut while high population densities tend tc favour
small farm sizes, thers is the tendency to manage all the area irrigated from
one source 2s a single, large unit, and the more expensive the irrigation
system was to develop. the move prenounced is this trend.

Where smalliolders are independent in their water supply, either because
they have springs and wells of their ow, or because impounded rain-water is
sufficient for wet-rice production, they are equally ingependent in organizing
their land use. In minor irrigation schemes of up to about 300 hectares,
numerous smallholders usually operate either as tenants, getting their water
from the landlord, or as owner-farmers, sharing the water according to
traditional, purchased, or cooperatively agreed entitlements. Under such
conditions, land use depends almost cntirely on water rights, in other words
on the timing and quantity of water distribution. Water use in medium-sized
(300-5000 hectares) ar:d large (more than 5000 hectares) irrigation schemes is
usually organized by some kind of scheme management or irrigation adinin-
istration, and sometimes the scheme management is in a position to enforce:
definite patterns of land use,

7.3. General characteristics of irvigation farming
1.3.1. A comparison with rain-fed farming

Irrigation farming has distinct advantages compared with rain-fed farming.
Becausc of irrigation, the natural, ample, and regular supply of solar energy
that is characteristic of the tropics is allied firstly with the ample and regular
supply of water created by investments, and secondly with the nutrients
brought by the water.! Moreover, irrigation, particularly in the form of
impounding, avoids the stress to plant growth that is connected with very
high temperatures on the soil surface. At the same time, the conditions for
agricultural production are improved, particularly when the water supply is
ample, regular, and reliable.

(1) Irrigation farming compared with rain-fed farming under similar
conditions produces higher gross yields per hectare. The basic possibilities
(the realization depends naturally on the local conditions) are that:

(i) higher yields per hectare of a particular crop may be achieved;

(ii) several harvests a year may be produced;

' Mainiy by silting. In some cases, ground water shows a Iy igh content of nitraie. At the
Jumeisha farm near Hodeids, North Yemen, the amount ol nitrogen brought into the
soil by irrigation from wells was found to be more than 100 filogramumys per hectare,
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(iii) crops may be grown that produce comparatively high yields per
hectare, some of which may demand a water supply all the year round;
(iv) it becomes more profitable to use additional labour and other
inputs; and

(v) continuous rice cultivation becomes possible, thercby extending the
area of this relatively high-yielding crop.

(2) Irrigation farming allows permanent land use, provided that salt
damage can be avoided. 1u the case of rice cropping, it means that per-
manent agriculture can be carried on for centurics with high yields per
unit area and without impairing soil fertility. The control of water reduces
erosion.

(3) Yield fluctuations from year to year arc reduced. With reliable water
supplies, production is almost independent of the weather. Annual fluctu-
ations of yield are less than those in rain-fed farming.

(4) Irrigation farming leads to relatively more continuous production.
The chance of a regular household supply of food and cash income
improves. The same applies also both to the provision of cattle with fodder
and to the employment of the labour force, draught animals, implements,
and buildings.

(5) Arable irrigation farming is relatively adaptable with regard to both
type and intensity of production. Holdings with perennial crops are obliged
to adhere to one type of production for a long time. In holdings with rain-
fed farming, the rainfall determines the range of possible crops, and the
less it rains the narrower is this range. In irrigation farming, such limiting
factors are much less compelling. By climinating the problem of drought,
irrigation makes it possible to diversify production.

(6) Irrigation farming allows the productive employment of a relatively
large number of workers per hectare. It therefore cnables a relatively high
income to be earned without the use of expensive equipment, or it reduces
the cost of such equipment when measured against the return. In hoe
systems, one family can scarcely cultivate more than 2-3 hectares, which
in rain-fed farming permits only a minimal standard of living to be ob-
tained, but in irrigation farming the same area will allow a high standard of
living. The increase in production on a small, irrigated plot means that
the part of the proceeds spent on traction power is relatively small.

(7) Irrigation development gives value to reighbouring land that could
not otherwise be utilized, or would be under-utilized. Irrigation may p<rmit
speculative use of rain-fed land that would not otherwise be used. Rain-fed
farming on soils with marginal rainfall, or stock-keeping on dry pastures,
is in many cases only possible because irrigation production guarantees
some yield reliability.
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These arguments may be summarized by saying that, in comparison with
rain-fed farming, irrigation farming chows some of the advautages of manu-
facturing. Matters are not left so much to chance; there is a more continuous
production process; there is a better control of the production factors; and
there is a spatial concentration of production.

However, against the mafny advantages of irrigation farming must be set
definite costs and requirements:

(1) It necessitates a high level of investment in water supply, delivery,
and distribution works, and in land preparation. In the case of large
schemes, development costs of $500-2000 per hectar= (or annual costs of
$0.003-0.02 per cubic metre of water) are typical. High levels of investment
entail a heavy burder. of fixed costs, so that water has to be bought for a
high price. It is still often more profitabic to practise rain-fcd farming and
cccept its disadvantages than to invest in irrigation. Oftex, in arid areas,
water is considered to be a unique resource, and thersfors engineering ot
agronomic feasibility are considered sufficient conditioas tc justify invest-
ment. This may lead to a misallocation of resources (Carruthers 1968, p. 6).
(2) in addition to the high level of the initial investment, irrigation farming
in its common form demands a continuous high level of labour or machine
input to supply the water (drawing, purnping, maintenance of the system),
and to prepare and maintzin the fields ard water-distribution or drainage
channels.

(3) Irrigation farming, 2s o rule, requires the cooperation of several
farmers, or their willingness to accept instructions from a private or
public water lord. Moreover, an irrigation holding requires communal
work to maintain and improve the water-delivery system. In the larger
irrigation systems, a disciplined schedui and scale of water distribution
among the beneficiaries is one of the most important pre-conditions for
economic success (Wittfogel 1931).

(4) Irrigation farming may offer great production possibilities, but a good
deal of knowledge is necessary if they are to be fully exploited, for produc-
tion is technically complicated. One problem of particular gravity is the
spread among the irrigation farmers of diseases like malaria and bilharzia,
which are encouraged by the water, 0 that medical costs have to be con-
sidered in addition to the costs of irrigation development.

It must also be borne in mind that production techniques and land tenure
are interrelated. Whereas in shifting and semi-permanent systems communal
land ownership with established rights of usage prevails, we generally find in
permanent farming individual land ownership with owner-farmers or tenants.
In irrigation farming, tandlord-tenant relationships, provided that they have
not yet been abolished by land reforms, are even more typical than in rain-fed
farming. The prevalence of landlord—tenant relationships is perhaps due to
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the fact that, for water distribution to several irrigators, institutional arrange-
ments on a larger scale are needed.

7.3.2. Spatial organization of cropping

Having outlined some of the generally important farm-management
characteristics of irrigation farming, we can now consider the more specific
organizational features. Again, we find that the various plots of a holding are,
as a rule, not uniformly cropped, but that definite spatial cropping patterns
prevail. There is, however, a basic difference in this respect between rain-fed
and irrigation farming. In rain-fed farming, the spatial organization of
production is based primarily on the varying intensity of manure application,
in other words on the distance from the farmstead and the consequent
transport problems. In irrigation farming, it is based primarily on the avail-
ability of water. Three different forms may be noted in this respect, based on
whether only a section of the farm area is irrigable land; or all of the land is
irrigable, but water supplies are insufficient to provide all of it with the
optimum amount of water; or water reliability varies from plot to plot.

(a) Spatial organization of partly irrigable holdings. Where only a part of
the holding area can be irrigated, land use is diversified, more often than not
in the form of a catena. The cultivator usually concentrates his work on the
lowest topographical level, which is gererally more fertile and easier to irri-
gate. The seasonally or continuously irrigated fields which are the centre of
the holding, and which are usually close to the water supply—a spring, river,
or canal—may be supplemented in different ways:

(1) There may be gardens close to the farmstead. The combination of
irrigated rice fields and comparatively large gardens, containing various
vegetables, tree crops, and ponds, is the basic pattern of rice holdings in
large areas of south-east Asia.

(2) Permanent or semi-permanent arable culti~ation may be practised on
rain-fed land. This is the basic pattern of most of the holdings with minor
irrigation. Irrigation farming close to a spring or small river in the valley
bottoms, with rain-fed farming on the surrounding slopes, is typical of
many Indian farms and of rice holdings in south-east Asia, Madagascar,
and other places.

(3) Perennial crops may be grown on rain-fed land. Commonly, we find
only small plots for crops for home use, but sometimes there are sub-
stantial plantations of cash crops like rubber and coconut-palms,

These activities are found in different combinations and proportions, and
provide a variety of farming systems, differing widely in complexity and
intensity. Two examples are given in Figs. 7.2 and 7.3.

The situation depicted in Fig. 7.2 is typical of most holdings with wet-rice pro-
duction in Africa south of the Sahara. The rice paddies are situated close to the
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river, and the neighbouring stopes are used for rain-fed farming. One of the major
advantages of the combination of wet rice with upland farming is the better distribu-
tion of labour requirerents.
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Fic. 7.2. Cropping pattern in the region of the Lower Gambia River (from Mohr 1968,
p. 6.

The spatial diversification of cropping is even more developed in south-east
Asia, as shown in Fig. 7.3, which is taken from Singapore.

(1) The valley bottoms are used for rice fields.

(2) In addition, on tie low land there are ponds, which produce fish and pig
feed (green fodder).

(3) In the immediate vicinity of the ponds are the pigsties, the waste food from
which is put into the ponds to feed the fish.

(4) Then come the main vegetable plots with water-demanding varieties like
cabbage, lettuce, etc. The water for irrigation is taken from the ponds.

(5) Vegetable varieties like beans, tomatoes, and cucumbers, which require little
water, are grown on the higher land.

(6) After this come non-irrigated plots with root crops like manioc and sweet
potatoes, which are sometimes supplemented by a little maize.

(7) On the upper slope, fruit trees are principally grown, but there is also some
tobacco.

(8) Finally, the high plateau is utilized for tree crops like rubber and coconuts.
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2. Mixed cropping of groundnuts, sunflower, and maize in 4 shifting cultivator’s
field, Urambo, Tanzania
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3. Valley bottoms in the savanna zone of the Ivory Coast being transformed into
fields with irrigated rice

4. Dairy cattle on smallholdings with regulated ley farming in Nyeri District, Kenya
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6. Valley bottoms in the rainforest zone of the Ivory Coast being transtormed into

fields with irrigated rice



7. Cattle feon leaves of eding Faidlierbia alhida, in Serere country. Sencgal
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12. Two-wheel tractor, ploughing a rice field in Taiwan
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13. Land preparation for rice in Ceylon. The work is being performed by seasonal

paid labour

14. Soil preparation for
intercropping of sweet
potatoes in maturing rice.
Taichung District, Taiwan




I Relay-planting of sugar-cane in growing'ricc in Taiwan. Note the seed cane in
the mud between tha rows of rice



16. Rice terraces and rain-fed farming in the Highland of Madagascar



India. The field to the left shows improved
¢. The field to the right shows IR 3. a4 non-
ively absorb high doses of nitrogen (see Fig. 7.10)

18, Two rice tields close to Madras,
traditional varietics. which tend to lodg
lodging variety which can product



anting by trampling with buffaloes, in Ceylon. The work is performed after hoe or plough
cultivation. In Madagascar the same method is applied and called *pictinage’

19. Preparation of a rice ficld for pl



The soil is covered with mulch grass

20, View into the Sanana collee bean plot ofa Bahayi holding, Tanzinia.
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22. Afield in the Gezira Scheme, in the Sudun, prepared for planting by the scheme
management

23. Ajtenant in the Managil Extension of the Gezira Scheme. in the Sudan, irrigating
his cotton



24, Well-terraced banuana cotiee plot on Mt Kilimanjaro, Tanzania

25, Coffee plantation. Nveri District. Kenya



27. Young tea plantation established with new clones. planted at high density.
surrounded by tea which is about 30 years old. Cevlon, high-altitude level



28. Rubber plantation. lvorv Cousl

29. Smallholder plot ready for the planting of oil-palms. The woman is planting
ieover crop (Centrasema puhescens)



3. Root system of two
perennial grasses in a dry
savanna climate, Kongwa,
Tanzania



32, Overgrazed and eroded land in Baringo District. Kenya
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The various activities are not organized independently of each other: in
particular, arable cropping on irrigated and on rain-fed land is closely
related. Where the irrigated plot is small, and contributes only 10-30 per cent
of the hciding return, it is used essentially as a supplement to rain-fed
farming, -rincipally producing fodder in the dry season, and regularly
supplying the household and neighbouring markets with perishable food like
vegetables. Where staple food crops are grown, the primary intention is to
guarantee the household's food supply. Since in most cases the irrigated land
is cropped with particular intensity. any organic fertilizer from the holding is
applied to the irrigated land. Where there is a relatively large irrigated area,
rain-fed farming becomes a supplement to irrigation farming. The marginal
return of additional labour on the irrigated land is usually higher than on the
rain-fed land, with the result that the holding has on the one hand carefully
and intensively cropped irrigated fields, and on the other hand extensively
used rain-fed areas supplying seasonal grazing, fuel, litter, or undemanding
food crops like manioc.

(b) Spatial organization cf totally irrigable holdings with limited water
supplies (rotational irrigation). Where the total holding area is irrigable, but
supply is insufficient to provide the optimum amount of water for a given
crop, it is advisable only in exceptional cases to distribute the available
water uniformly. Instead, systems with rotational irrigation are usually
practised, i.e. the water delivery to the field follows a definite pattern from
season to season or from year to year. We find primitive forms of rotational
irrigation in the oasis agriculture of the Sahara. Nicolaisen (1963, p. 203)
reports oasis farming where the irrigated plot is cropped with grain twice a
year for six or seven years, after which it is left fallow and a different plot is
irrigated and cultivated. In this shifting system of irrigation, the problems of
soil fertility and of salting are solved without effort, because of the fallow
period.

In intensive agriculture, systems with rotational irrigation are incomparably
more complicated, but also more productive. They are especially highly
developed in Taiwan.

In the example shown in Fig. 7.4 only a third of the area can be cropped with wet
rice in summer. The other two-thirds supports sugar-cane and various short-term
arable crops, which can grow pioperly with the natural rainfall. For the third
supporting sugar-cane, which is not irrigated in sumnmer, the little water available
for irrigation in winter and spring is enough for initial growth, and as autumn
approaches and the crop begins to ripen water is no longer necessary. Since the rice
on the first third also nesds no more water, sugar-cane can then be planted on the
last third and irrigated until May of the second year. The crop rotation for each of
the three plots is arranged in such a sequence that the full rotation on the holding's
three plots is: sugar-cane (tirst year until Junuary of the second yeur)—green manure
(February to May of the second year) -irrigated rice (July 1o October of the second
year)-sweet potatoes (November of the second year to April of the third year)~
non-irrigated rice, soya beans, or groundnuts (May to September or October of the
third year).

11
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FiG. 7.4. Standard diagram of threc-year rotation irrigation (from the Chia-Nan Irrigation Association, Taiwan).
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We can see from the example in Taiwan that the spatial emphasis in systems
with rotational irrigation changes {rom year to year. The type and intensity
of land use is, however, the same on all plots included in rotational irrigation.

(c) Spatial organization of holdings with uncontrolled water supplies. Other
types of spatial pattern in irrigation farming may be found on holdings with
uncertain water supplies and where the degree of uncertainty is different on
different plots. Here again, the cultivators tend to adapt themselves to the
conditions of the various fields by the selection of crops, varieties, and
planting dates that fit the expectations of water supply.

Anexample of this is the wet-rice cropping in the vicinity of Tananarive, Madagas-
car. The plots in the valley bottoms. which have a refatively ample and sure supply

of water for a long period, are planted first with slow-maturing varieties in April-
May, and these produce relatively high yields. The terraces on the slopes are
planted with the standard varieties from October to December. Plots on the upper
slopes, where the yield is particularly uncertain, are planted up to March,
according to the volume of rainfall, and resulting water availability.

Similarly, the Pakistani rice-jute farmer plants different varieties of rice on
fields at various levels according to the danger of flooding and the ability of
the variety to withstand it (see §7.4.2 (b)).

7.3.3. Cropping principles

In irrigation farming distinct cropping principles are applied, in addition
to definite spatial patterns of organization. Diversification in this respect is
the more common where the water supply is ample and constant, the climate
is warm, and the population density and local purchasing power are high.
This does not mean that irrigation farming and diversified farming necessarily
go together. Irrigated monocropping with sugar-cang, cotton, and in particu-
lar with rice, is very important in some areas. There is, however, a tendency
in irrigation holdings to increase yields per hectare—and in some cases also
per man-hour—by following such practices as ratooning, rotations, relay-
planting, interplanting, and intercropping.

(a) Ratooning. In rain-fed farming. ratooning, in which two or more
consecutive c:ops are taken from a single planting, is a practice generally
applied to sugar-canc and sometimes to sorghum, although it is of scarcely
any significance as far as other crops are concerned. In irrigation farming,
the possibilities for ratooning increase. Ratoon rice is found in low-intensity
rice production, where it serves mostly as dry-season grazing and only in
exceptional cases is the grain harvested. Highly intensive forms of ratooning
have been developed in th Philippines and Taiwan. The sequence: rice
(110 days)-sorghum (85 days)-sorghum, first ratoon (80 days)-sorghum,
second ratoon (80 days) is mentioned by Bradfield (1968) as a production

possibility of tropical irrigation rarming within one year.
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(b) Crop rotations. The crop rotations in irrigation farming may be classi-
fied according to (1) whether seasonal or continuous cropping is practised,
(2) whether the rotation is based on one, two, or more crops a year, (3)
whether short-term, long-term, annual, or biannual crops are grown, (4)
which crops there are, and (5) what input demands the crops make (see §6.3.2
(b)).

Among the many factors determining the crop rotation, the availability
and reliability of water supplies play a decisive role in irrigation farming. In
addition, interactions between rainfall and irrigation have to be considered.
Multiple cropping is much easier to organize in areas with only one rainy
season and irrigation during the rest of the year than in areas with two rainy
seasons, where planting and harvesting have to be adapted to the rainfall.
Consequently, the most intensive and diversified types of irrigation farming
are found in areas with a single rainy season, as is the case in Taiwan. We
can see from the rotations practised in Taiwan that are illustrated in Table
7.2 how the crop rotation, depending on the availability of water, varies
under otherwise similar production conditions.

TABLE 7.2

Crop rotations on irrigated land in Taiwan

Fields irrigated for the whole year
1. Rice (Fcbruary/March-July), rice (July/August-November), fallow (November-~
February)

. Rice (February-June), rice (July-November), green manure (November-January)

. Rice (March~July), rice (August-November), wheat (December-February)

. Rice (February-July), rice (July-November), vegetables (October-January)

. Rice (February-June), vegetubles (June-July), rice (July-November), sweet potatoes
(November-February)

6. Rice (February-June), rice (July-October), tobacco (October-February)

LW

Fields irrigable for . <If a year
7. Rice (March/Ap il-July), sweet potatoes (August/September-January/February)
8. Rice (July-Novr mber), vegetables (October-March), green manure (March-June)
9. Rice (July-November), sweet potatoes (October-May), green manure (May-July)
10. Rice (May-September), sweet potatoes (September-April), vegetables (May-Decem-
ber), soya beans (December-May)
1. Rice (March-July), vegetables (July-March)

Fields with rotational irrigation

12. Rice (June-October), sweet potatoes (November-March/May), non-irrigated rice
(May/June-September/October), sugar-cane (October-January of the 3rd year), green
manure (February-May)

13. Rice (July-November), sugar-cane (October-January of the 2nd year), sweet potatoes
(January-June), groundnuts (July~December), groundnuts (January-June)

14, Rice (July-November), sweet potatoes (November-May), groundnuts (July-October),
vegelables (October-May), groundnuts (July-October), sweet potatoes (November-
Muay)

Source: Chen (1963, p. 239).
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(1) The most frequent crop rotation on permanently irrigable land con-
sists of two crops of rice and onc non-irrigated winter crop. which is most
frequently sweet potatocs, maize. or wheat. On poorly drained plots, the
usual rotation is rice-rice-faliow or rice-rice-green manure. As the size of
holding decreases. vegetable cropping becomes more important.

(2) On plots with summer irrigation only, and prior to the summer rice,
we find as a rule vegetables or swr - potatoes, and the final crop is usually
a green-manure plant.

(3) In areas with rotational irrigation, the limited availability of water
necessitates alternating combinations of the principal crops rice and sugar-
cane. so that rotations of two to three years with five or six crops are
combined with the usual one-year rotations with two to five crops which
predominate where the plots are permanently irrigated (see §7.3.2 (b))

Plate 21 gives an example of the extraordinarily high levels of land-use
intensity that are possible in tropical irrigation farming. The rotation prac-
tised in Taichung District, Taiwan. includes four or five crops in one year,
not all of which are short-term Crops. Cropping within one year on single
piece of land is as follows.

In Eebruary the rice nurseries are laid out. In March the rice is planted, and it is

harvested in June. Summer rice is not planted until August. In the interim the sO-
called summer crops can be grown. such as jute, melons, soya beans, sweet potatoes.
and various green-manure plants and vegetables. Some of these crops can be planted
as early as May in the growing rice stand (relay-planting). Between the second rice
harvest and the planting of the spring rice. in the four months of the cool season
when growth is slow, the so-called winter crops are cultivated, including tobacco.
maize, soya beans, peas, seed rape, sweet potatoes. wheat, flax, various green-
manure plants, and vegetables, Some of these crops can similarly be planted in the
growing summer-rice stand, and sometimes by adopting this method the use of the
Reld can be concentrated so that two winter crops are possible.

Generally, in production conditions like these, there is a Strong tendency
to grow those crops that produce as high a yield as possible per month of
field use. The t me for which various crops occupy the field can be shortened
considerably by raising the plants in nurseries. Indeed, cultivators try to
leave the plants for as long as possible in the nurseries. and crops that lend
themselves to this method are preferred. Moreover. it is necessary to prepare
the field immediately after the harvest for the plants: a plot which in the
morning is yellow with ripening rice should be green in the evening with
newly planted rice.

(c) Relay-planting. Multiple-cropping systems, a5 depicted in Plate 21,
depend to a high degree on relay-planting techniques—the rotation crop is
planted in the ripening stand of the previous crop. In the case of rice, relay-
planting takes place up to seven weeks before the harvest and, so that the
relay crop can get enough light, the panicles of the ripening rice above the
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row of plants are pulled apart. With some crops, relay-planting is combined
with the practice of raising the plants in nurserics.

An example of this is jute-growing in Taichung District, Taiwan. The growing
period of jute from sowing 1o harvesting is 120 days in the summcT, but oetween
the spring and summer rice the plot is available for only 40 days. The problem is
solved by keeping the jute plants for 40 days in the nursery, and they are then

janted in the rice field 40 days before the rice harvest. The pure stand of jute is thus
restricted to the 40 days between the harvesting of spring rice and the planting of

summer rice. Disturbance to the rice is kept to a minimum as ine jute is planted in
holes filled with compost. The losses in yield of rice, compared with a pure stand of
rice. amount to 5-10 per cent, and of jute to 20 per cent. but these losses are morc
than outweighed by the additional yield of jute.

The extent of relay-planting depends on the available labour force and on
the soils. On soils that tend to be heavy, the land must be prepared after the
harvest and before it is used again. In other cases. crops for relay-planting
need to be planted in dry land. and drainage facilities may not be sufficient.
It must also be borne in mind that the additional water requirernents can
be met only where the rainfall or the irrigation capacity is adequate. Relay-
planting in rice holdings is practised particularly in early summer, but relay-
planting in the growing summer rice suffers from the disadvantage that the
Indica varieties. which are planted in summer. tend to bend over. Thus, not
only have the ripening rice panicles to be separated. but also the rice has to be
tied up.

(d) Imterplanting. Another form of cropping possibility consists of planting
one short-term crop at about the same time as a crop re;. Ting more Jan a
vear to ripen, for example sugar-cane Or manioc. The mixiere of crops does
hot last until the main crop ripens. as in the case of rice, but only while the
longer-growing plant is stll young. Sugar-canc. which is planted in the
autumn, develops slowly in the somewhat cooler winter months. The space
between the rows of cane can therefore be used for short-term crops, like
sweet potatoes, groundnuts, flax. or vegetables, without making any appreci-
able differcuce to the growth of the sugar-cane. When there is a sufficient
supply of water, the combination of relay-planting and interplanting has
proved its worth. The sugar-cane i5 interplanted in the ripening rice in the
autumn (muddy-in method). After the rice harvest, an intermediate crop is
planted in the rc of sugar-cane. Experience has shown that planting should
take place in every second row only, so thatitis possible to weed and manure
each crop individually.

Figure 7.5 gives an example of combined relay-planting and interplanting. The
sugar-cane is planted in September in the ripening rice, so that it can benefit from
the relatively warm days. After the rice harvest, every sccond row between the
growing cane is planted with sweet potatoes. flax, or vegetables.
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(e) Intercropping. Relay-planting and interplanting lead necessarily to
intercropping. i.c. different crops are planted in afternate rows. but with the
advantage that the mixed crop grows during those stages of the vegetation
cycle when the crops impair each other’s growth relatively little. It should
be remembered that intercropping also occurs in irrigation farming where
two or more plants with approximately the same growing per 1d are planted
on approximately the same date. These are preferably crops that are com-
patible.! An example is the intercropping of sweet potatoes with seed rape,
in which the seed rape is planted about a week after the sweet potatoes and
harvested a week before them. A general feature of intercropping in intensive
irrigation holdings is the practice of row cultivation, which allows each crop
to be given its own specific fertilizer and weeding.

7.3.4. Characteristics of the fertilizer economy

The discussion of the various cropping principles indicates the high degree
of intensity that irrigation farming can attain. It is obvious that, in order to
exploit the prodn-tion potential of irrigation farming, high yields, multiple
cropping. and leac..ing have to be accompanied by a highly intensive fertilizer
economy. and by efforts to prevent salting.

Most of the irrigated land in the tropics. particularly most of the wet-rice
areas, is still cultivated year after year without much manuring. Rice-growing
over long periods without fertilizer application does not appear to lower soil
fertility. for the following reasons:

(1) In several large river basins, soil fertility is maintained by the annual
deposition of silt.

(2) In addition to silt. nutrients are brought in solution with the water.
The paddies with wet rice are often on different levels and are slightly
inclined, so that the water runs from the high forest land to the sea,
draining slowly from one rice field to the next. and thus conveying nutrients
from the higher levels to the lower plots.

(3) In the rice terraces, the usual poor quality of tropical soils is improved
because of the fixation of nitrogen by the blue-green algae which proliferate
in the warm water, the slower rate of decomposition of organic matter, and
the greater availability of many of the nutrient elements while the soil is
waterlogged (Webster ard Wilson 1967, p. 209).

(4) Angladette (1966, p. 171) remarks on the observation that soils im-
prove their quality for wet-rice production with time, because of the

' A particularly interesting case of intercropping in irrigation farining is reported from
South Arcol District, Madras State, India. Cotton, finger millet, and groundnuts are planted
in December-January at about the same time. Millet is harvested at the end of March.
Groundnut harvest takes place at the end of May. Thereafter the cotton receives un addi-
tional manuring and irrigation. The cotton, which was previously stunted, now grows
vigorously, and is harvested in August.
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impounding of water and its influence on chemical processes in the soil.
This process takes fifty to one hundred years.

Intensive irrigation farming, however, requires manuring and fertilizing
as well as the beneficial influences connected with water application and
water impounding. Traditional types of intensive manuring have developed
in those areas where water supplies are sufficient and reliable and where
population dznsities are high. Nowhere else in the world has the fertilizer
economy of traditional farming systems reached such a level of intensity in
the effort to reduce the loss in nutrients as in Chinese irvige.icn farming. The
father of organic chemistry, von Liebig, in comparing nincteenth-century
German agriculture with contemporary Chinese farming (1878, p. 453),
viewed the fermer as thc procedure of "a child compared to that of a mature
and experienced man’. Webster and Wilson (1967, pp. 210-11) summarize
the intensive manuring practices used in south-east Asian irrigation farming
as follows:

All animal manure, household and crop wastes, and plant ashes derived from
fuel, are carefully collected and applied to tire land, usually in the form of com-
posts. Night soil is widely used. commonly L-ing stored in carthenware recep-
tacles, diluted with water and thriftily applied to individual plants at appropriate
intervals.! Mud, rich in organic matter. is periodically dug out from canals,
reservoirs and fish ponds and spread on the land, or used in composts. Green
manures may be included in the rotation, sometimes for direct ploughing-in but
more often for composting. Hillsides bearing trees and shrubs are regularly cut
over to provide material for trampling into the mud of the rice fields, or for the
preparation of composts. Great use is made of composts, care bzing taken to see
that they are well rotted, with much of their orgunic matter broken down, so
that they rapidly releas. nutrients to a growing crop. It should be mentioned,
however, that although the fertility of the densely populated alluvial plains of
China has been maintained at a relatively high level by deposits of silt from irriga-
tion of floodwater, by application of night soil, and. to a lesser extent, by green
manuring with vegetation imported from hilly land. this has been done partly at
the expense of other land. Much hilly land in China has been depleted of fertility,
and the general level of fertility of lands other than the alluvial plains is only
moderate.

It is intcresting to observe that the concentric rings of land with decreasing
fertility at increasing distance from the farmstead that are frequent in rain-fed
systems are rarely found in irrigation systems. With the exception of the
gardens near the farmyard, which receive more fertilizing, manures and
composts are usually distributed more or less equally over the irrigated land.

! Night soil is a traditional fertilizer of high productivity. It is, however, a carrier ol
various intestinal diseases. Buck (1930, p. 265) writes this about traditional China: ‘From
an economic standpoint it would probably be cheaper to throw away night soil than to
incur the losses concurrent with ill-health which result from its use.' The transition 1o
mineral tertilizer results in reduced losses through disease and reduced costs of health care.
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1.3.5. Characteristics of animal lusbandry

The intensification of irrigation farming is closely tied to an intensive
fertilizer economy. Cattle activities, however, are not in general intensively
organized. In the irrigated farming systems of the subtropics, stock-keeping
is of growing significance. In Israel. Japan, and Maghreb 1l sroduction of
milk and meat is increasingly based on irrigated fodder cropping. However,
conditions in the tropics for the moment are different. Arable cropping
receives priority. as it always has, although it is usually supplemented by
various livestock activities.

In a few cases. irrigation farmers practise a division of labour with semi-
nomadic herdsmen. The fallows of Gezira, in the Sudan. for instance. are
grazed in the dry season by migrating herds of cattle, sheep, and goats. As a
rule, however. we find stationary animal-keeping with low livestock numbers
per holding but rather high livestock densities, rising to 2 livestock units per
hectare in intensive irrigation areas of India and China (Buck 192, p. 255).
The main objective in keeping cattle and buffaloes is the provision of traction
power for ploughing and pumping. The provision of manur~ is a secondary
function, and the production of meat and milk is usually of less importance.
The need of the irrigation farmer's family for protein is not usually met from
cattle and buflalo products. but by small animals, sheep, goats, pigs, poultry.
and fish. Pigs are of particular importance in south-east Asia, being fed
partly on crop res'dues and partly on household waste. Ducks are typical of
the Chinese type of holding. and chickens are found almost everywhere in the
tropics. Part of the animal excreta may be used to fertilize fish-ponds, and
mud from the pond may be applied 10 the gardens.

Attention should also be drawn to forms of combined irrigation farming
and fish production. Fish are found almost everywhere in the water distribu-
tion system. In many places, the fish-pond by the house is a typical feature of
irrigated holdings. Hickling (1961) notes the integration of various forms of
fish production into crop rotations:

(1) In Travancore, southern India, after the rice harvest the plot is filled
with brackish water, and in this way prawns are brought into the field.
When the tide recedes. the water passes through nets, ana the prawns are
collected. The yield amounts to 700-1600 kilograms of prawns per hectare
in the dry season (p. 263).

(2) In Java, Madagascar, and other places, fish are seinetimes found in
tie growing rice. For this to be possible there must be a sufficient and
continuous depth of water. Fish are brought to the plot in the irrigation
water, or they can be put in 5 days after planting, Hickling (1961, p. 265)
quotes a yield of 28-50 kilograms of fish per hectare in 100 days.

(3) In some cases, land is used alternately for rice cropping and as a fish-
pond. The water is let in after the rice harvest. The yield of fish that swim
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in with the water amounts to about 3 kilograms per hectare in five to six
months. By introducing tilapia, up to 300 kilograms per hectare can be
produced in 3 months.

(4) In some plantations in Guyana, the sugar-cane land is covered with
brackish water for nine months before the next planting, and the plot can
be used for fish (tilapia).

1.3.6. Characteristics of the labour economy

As we might expect, the labour input of irrigated holdings shows great
variation, depending on the system of water distribution, the intensity of
land use, and the degree of mechanization. Where labour is particularly
plentiful, hoe and spad: systems occur, relying entirely on manual labour.
[r. most irrigation systems, farmers employ animal power for ploughing,
transport, and pumping. The use of the tractor is rapidly spreading, for
irrigation farming can support higher monetary inputs in cultivation than
can rain-fed farming. Despite the varied forms of organization, however,
some features and tendencies are found that distinguish the labour economy
of irrigation farms from that of rain-fed farming.

(@) High labour input. Irrigation farming in the tropics almost always
involves a high ‘nput per hectare of manual labour. This is because of the
extra operations in irrigation, such as maintenance of channels, control of
water distribution, and land preparation. The manual labour input s particu-
larly high where water has to be pumped by hand or with the aid of animals.
In the example of rice production in Madras (Table 7.3), these tasks amounted
to 48 per cent of the total. According to Buck (1930, p. 306), farmers in
Hopeh Province, China, in 1923 spent on irrigation 58 per cent of the total
labour input in wheat and 27 per cent of the total labour input in vegetables.
In regions that depend mainly on inundation. the labour demand for irriga-
tion is comparatively low. However, the provision of controlled water supplies
and of careful water delivery is usually connected with a high labour input.

Of even greater importance is the labour input resulting from the choice of
intensive crops, and the greater amount of labour involved in cultivation,
weeding, and harvesting. The methods of producing and applying manure,
compost, green manure. etc., require a great deal of labour, especially where
multiple cropping, relay-planting, and intercropping play a major part.
This kind of production method is not only expensive in terms of field
labour; a considerable input is also needed to maintain the irrigation system
and nursery beds. Thus the basic difference from rain-fed farming is not
simply that more work is involved in cultivating each hectare, but also that
irrigation often facilitates a higher frequency in cropping.

Table 7.3 indicates the level of labour input for one crop of wet rice. With the
exception of the example in the United States, it fluctuates between 456 man-hours
per hecture on Madagascar and 1663 man-hours per hectare in Japan. and thus is



TABLE 7.3

Labour input in wet-rice production in various countrics (man-hours per hectare for one crop)

Japan Taiwan Madras Thailand Madagascar ~ United States of
America
1954 1960 Spring Autumn 1954 1955--6 1964 1960
Cultivation 340 236 228 184 376 119 120 57
Nurserics 98 98 130 100 , 280 \ 185 —_ —
Planting 275 263 105 119 “ } 8 0-5*
Fertilizer application 19 18 83 R3 130 Yo } 16 0-5
Weceding 432 420 309 305 148 | n.a.
Harvesting 568 570 317 301 422 105 272 59
Other work 58 58 38 38 42 128 40 —_
Totai labour 1750 1663 1210 1130 1398 656 456 12:6
Yield, paddy, 100 kg/ha 41 48 308 234 21-5 16-3 17-5 40
Man-hours/paddy 100 Rg 44 38 39 48 65 40 26 03
Water procurement (MH ha-') 64 65 28 3 1196 —_ 64 21
Animal traction (hours ha- ') 123 85 223 147 2954° n.a. 488¢ —
Tractor use (hours ka™*) 3ge 789 -— —_ _ —_ —_ 8

* Sowing.

® Including animal hours for water procurcment.

¢ Cultivation by piétinage.

¢ Two-wheel tractors.

Sources: Japan, Ozaki (1960, p. 13); Taiwan, Ch. Ch. Chang (1963, p. 17): Madras, Zacharias (1957, p. 9% Thailand, Thailand Ministry of Agri-
culture (1959, p. 19); Madagascar, Bureau pour le développement de la production agricole (1965, p. 278); United States, Mullins (1960).
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much higher than the labour requirement in rain-fed cropping. Within irrigation
farming, the labour input tends to rise with increasing availability and reliability of
water. As multiple cropping increases, there is a disproportionate rise in labour
input, and for example in intensive wet-rice systems on Taiwan it reaches 4000-
5000 man-hours per hectare. We find the highest recorded labour input—10 000-
15000 man-hours per hectare—in irrigated vegetable holdings of the Chinese type
(see §7.4.1(c)).

(b) High marginal returns on labour. The production functions of labour
in irrigation systems are, as a rule, different from those in rain-fed farming.
The marginal returns on labour in rain-fed farming are usually lower and
decrease more rapidly with greater employment of labour than in irrigation
farming. For a wide range of labour inputs, margnal returns in irrigation
farming decrease slowly or remain almost constant.

This is shown in Fig. 7.6. In the irrigation areas of Uttar Pradesh in India, the
marginal returns on labour arc much higher (and remain high for considerable
labour inputs) than in rain-fed farming in ‘Andrha Pradesh, which shows marginal
returns on labour close to zero. The production functions of wet-rice growing in the
Philippines show the marginal returns on labour in artificially irrigated holdings
with a reliable supply of water in comparison with the marginal return in those
holdings that rely on the impounding of rainfall. The functions clearly show that
much more labour can be absorbed productively with the help of reliable artificial
irrigation.

More often than not, the improvement of water supplies and of farming
techniques on irrigated land shows higher marginal returns on labour than
the constructior of new, but less adequately managed irrigation facilities
and irrigation plots. As to rice, Geertz (1963, p. 35) writes: "The capacity of
most terraces to respond to loving care is amazing.’

(c) Less pronounced peaks in labour demand. Farming systems with seasonal
irrigation suffer, like rain-fed farming, from seasonal underemployment of
the available capacities of labour and traction power. In large irrigation
schemes with one major cash crop, the peak in labour demand and the
resulting problems of the employment of seasonal labour (the provision of
credit for their payment, the necessity of using expensive machinery, and so
on) may be even more pronounced than in more diversified rain-fcd systems.
In wet-rice systems with but one crop a year, the underemployment of the
labour force and the great number of draught animals is proverbial. The
animals work several hours a day for about 40-70 days. During the rest of
the time they graze on embankments, waste land, and other such places, but
are not required for work.

This is demonstrated in Fig. 7.7. Rice holdings in the central plain of Thailand
with but one crop a year show a highly peaked demand in labour for planting and
harvesting. Diversified cropping with rice and various other irrigation crops in the
northern zone of Thailand shows a better distribution of work, but we still find a

pronounced peak in labour demand between November and March. Multiple
cropping in the middle rice region of Taiwan is connected with an almost even
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employment of the family labour. The peaks in labour demand are met by seasonal
labour,

Seasonal underemployment in irrigation farming may, however, be reduced
or even abolished by an improvement in the water supplies, and wherever
continuous cropping is practised employment is found throughout the year,
Relay-planting helps to reduce labour peaks at harvest time and when the

g nt \

= 10t \

£ 8h :

= \.

E 5[‘ ) \.”\)
s 4f

2 g

s T ———— @

5 10 15 20 25
Labour input {months per farm )

=
-
]
'
i
[
i
!
1
=
E
=)
=3
@
ix]
=3
w
@

Maiginal product and margina! costs

= 08}
o5 S—
E — )
= 02/
[-]
| A1 | 1 1 N i
Y20 40 60 80 100 120

Labour input (days per ha)

Fi6. 7.6, Marginal returns on labour in irrigated and rain-fed farms. (a) (1) Marginal returns
per labour month in irrigation areas in West Uttar Pradesh 1955-6. 63 farms; average farm
size 4-7 ha; average labour input 9-3 months. (2) Marginal reiurns cr labour month in
unirrigated farming. Andrha Pradesh 19534, 72 farms; average farn, <ize 3-7 ha; average
labour input 19:6 months. {b) (1) Marginal returns per man-day in a:.ificially irrigated
wet-rice farming ir the Philippines 1964-5. 24 farms; average farm size 4 ha; average
labour input 75 man-days. (2) Marginal returns per man-day in wet-rice farming with
impounded rainfall in the Philippines 1964-5. 12 farms; average farm size 4 ha; average
labour input 64 man-days. The coefficients for labour in the production functions are
significant. It should not be overlooked, however, that estimates of the marginal return of
labour are not free from serious shert-comings (specification bias, multicollinearity, etc.)
The functions in the figure are expected to show general tendencies only. From Agrawal
and Foreman (1959), cited by Heady and Dillon (1961, p. 621); Barker and Soothipan
(1968).
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next planting takes place. Commercial stock-keeping can be another way of
creating regular employment for the available labour. It is noticeable, more-
over, that irrigated and rain-fed farming combine very well in this respect.
The labour requirements ot both kinds of holding frequently do not coincide,
and the cultivation of rain-fed land, especially in holdings with seasonal irriga-
tion, can help to regulate the use of labour.
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Fig. 7.7. Monthly distribution of work-days on rice holdings in Thailand and on Taiwan.
ta) Thz.-nd central plain; monocropping with rice. Total Jabour input: 1332 work-days
at 6 hours per day on 47 ha. (b) Thailand northern zone: div-rsified cropping with rice
and other arable crops. Total labour input: n.a. (c) Taiwan middle rice region; multiple
cropping with two rice crops and other arable crops. Total labour input: 501 work-days
at 10 hours per day on 0:96 ha. From Kusthongkham and Ong (1964, p. 69}; Taiwan
Department of Agriculture (1966, pp. 174-7); Thailand Ministry of Agriculture (1959,
tables 35, 39).

(d) Better planning of the labour economy. Another advantage of irrigation
farming is bet:2r labour planning. The labour operations in rain-fed farming
depend on rainfall, which fluctuates in quantity and in timing. The irrigator,
however, usually knows when he will acquire water. In systems with con-
trolled irrigation. irrigation dates and water quantities can be adjusted to the
labour economy of the holding and vice versd. This is especially apparent in
intensive wet-rice systems. Neither drought nor rainfall essentially affects the
production process, so that planting and weed control can be undertaken
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even on rainy days. The timing of the labour input is dependent on dry
weather only during the harvest. By regulating the water, levelling the land,
maintaining a high degree of fertilization, and controlling diseases by the
application of pesticides. the farmer has obtained almost complete control of
all growth factors except natural catastrophes. Thus the irrigation farmer is
not as dependent as the rain-fed farmer on his daily assessment of the soil
and plants, and on choosing the type of labour operations and when to
terminate them. Instcad, the production process is similar to that in manu-
facturing, which permits relatively exact planning.

7.4. Eight case studies

The features of irrigation farming that have been discussed vary in impor-
tance in the different irrigated land-use systems, and the following examples
are chosen to illustrate this point. Examples of holdings with various arable
crops in India, Pakistan, and Singapore illustrate how the irrigators adapt
land use to the varying availability of water. The example of the Chinese
type of vege: ie holding concerns one of the most intensive forms of land
use of all. Farm-management data taken from Pakistan, Thailand, and
Taiwan supply information about the characteristics of wet-rice systems. In
the example of the Gezira, attention is drawn to the special factors that are
important for the organization of land use in large-scale irrigation projects.

7.4.1. Water availability and irrigation farming: five case studies from India,
West Pakistan, and Singapore

(@) A millei~groundnur holding in Bombay State. The millet-groundnut holding
in Bombay State (Table 7.4) consists of 45 hectares, of which 1-1 hectares are
irrigated all the year round. The non-irrigated field is planted in summer with pearl
millet, after which it serves as fallow grazing. Permanent rain-fed farming over the
centuries on poor and scarcely fertilized soils has led to the yields stagnating at a
very low level. Only 2-8 quintals of millet per hectare are harvested. The farmer
concentrates on the irrigated area, which supports two harvests a year and is sown
with crops that produce relativeiy high yields, thus ensuring both saleable produce
and food for personal consumption, including groundnuts, wheat, and chick-peas.
Intensive vegetable cropping means that the irrigated plot has the character of a
garden. The area cropped annually amounts in all to 120 per cent of the area
available.

% The all-India index number of wholesale prices of agricultural commoditics s10od at 95 in January 1956 and at
11 in January 1967 (base: 1952-3 = 100). From Dircctorate of economics and statistics: Indian Agriculture in
Brief, 9th cdition, Delhi, 1968, p. 154,

Pear] millet,

* Finger millet,

@ Traditiona} varicties,

* Most households receive some additional non-farm income,

Sources: }::on;bny and Madras, Daniel (1960); Uttar Pradesh, Agrawal (1957); Punjab, Budde (private communica-

tion).



TABLE 7.4

Farm-management data of irrigation farms with various arable crops in

India and Pakistan®

Location

Year

Rainfatl (mm)
Type of farming
Method

Number of farms

Bombay

1955

1000
Mitlet-sroundnut
Case study

Punjab
Lahore
Multan

Cotton-wheat
Case study
1

Uttar
Pradesh

1955
750-850

Sugar-cane-wheat

Case ls(udy

Madras

1955

900-1000
Tobacco-millet
Case l:ludy

Workers per farm (ME)

ME per 100 ha

Size of holding (ha)
irrigated in summer
irrigated In winter

Cropped area (ha)

In summer (kharif) (ha)
Pearl miilet
Groundnuts
Rice
Cotton
Tobacco
Finger millet
Fodder (maize, millet)

In winter (rabi) (ha)
Wheat
Chick-peas
Finger millet
Oil-seeds
Fodder

In both scasons (ha)
Vegetables
Sugar-cane
Fodder
Bananas

Cropping index
Livestock per holding

Animal units

Draught animals

Dairy cows or butlalo

Farm capital (3 per holding)
Farm capital (3 ha ™ %)

Land

Buildings

Livestoch

Tools

Uther capital items

Yields
Millet tq ha™ %)
Groundnuts (g ha™ ')
Cotton (g ha™ 1)
Wheat (@ ha™4)d
Sugar-canc (g ha™ 1)

First harvest

First ralooq
Millet (S ha™ %)
Groundnuts (3 ha™)
Cotton(S ha™
Wheat (§ ha~H)¢
Tobacco (3 ha™ 1)
Bananas (5 ha~1)
Sugar-canc (3 ha™ 1)

First harvest

First ratoon

Econvmic retarn (35 per holding)

Gross return
Home consumption
Expenses for purchased
material inputs
Home consumption
{nvome
Wayes
Family income ¢

Productivity

Gross return (3 ha” b
Gross return ($§ ME™ 1)
Value added ($ ha™ 1
Value added (S ME ' D

23188
524

146

248

40
208
197
55
125
104
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5
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Rain-fed farming and grazing contribute to irrigation farming in that they supply
fodder for cattle and goats, while any stable manure is applied to the irrigated field.
Thus stock-keeping helps to accumulate nutrients on the irrigated area. The four
work animals are used for drawing water, and their labour is esseatial for the higher
yields per unit arca of the irrigated field. Milk cows, on the other hand, are kept
mainly because their bull calves are used as the next generation of draught animals,
and thus cattle-keeping as a whole serves primarily to supply animal power. At the
same time, the irrigated area also assists animal-keeping, in that in the dry season
an even supply of fodder is guaranteed by planting small plots of fodder sorghum
and lucerne.

Only a quarter of the gross yield is sold. and the primary aim of production is to
cover subsistence requirements. The family income amounts to 197, which corres-
ponds approximately to the income of an Indian farm labourer in 1955. Irrigation
in this case affords little more than a bare existence. even when measured against
the generally poor conditions in Indian agriculure.

(b) A wheat-cotton holding in the Punjab. The wheat-cotton holding in the
Pakistani Punjab demonstrates that, by sowing twice a year, an increase in both the
frequency and the extent of cropping is obtained. The water is not sufficient,
however. for cultivation of the total area twice a year. In summer, 40 per cent lies
fallow and in winter 25 per cent. although the total area of Jand, from the point of
view of channel creation and levelling, is irrigable. In these conditions, there is no
emphasis on one particular plot, as there is in the millet-groundnut holding men-
tioned above. Rotational farming, including half-yearly fallows, is applied on all the
land. The farmer concentrates not so much on crops that produce a high return as
on crops that can make the best use of the water, which has to be paid for.

Cotton, sorghum, and fodder maize (kharif crops) are cropped in summer.
Winter cropping (rabi crops) takes the form muainly of wheat, oil-seed, and chick-
peas. Growing berseem (clover), and in January-February fodder maize, guarantees
fodder rich in protein during the winter months. Double rotations are usual: wheat
in winter is followed by cotton or, if a half-year fallow period is introduced, by
maize Cr rape.

Cattle are kept for two main purposes, namely work and milk production. Almost
7 hectares have to be cropped annually. and to prepare the wheat seedbed with the
desi-plough requires S-10 days® labour. Two draught oxen are kept in consequence.
Milk is produced by buffalo cows. The stable manure is applied 1o the cotton,
whereas wheat is usually manured with mineral fertilizer. On account of the size of
the irrigated arca under double cropping and the comparatively high yields per
hectare, the gross yields, income, and labour productivity are much higher than in
the Bombay example.

Since 1963, when the data were collected, new wheat varieties have been intro-
duced, which, supported by some additional fertilizer, yicld 20-30 quintals per
hectare, even under average farming conditions. Higher yields of wheat, together
with an increase in the area of wheat at the expensc of other rabi crops, led to a
remarkable improvement of the farm-economic situation compared with 1963.

(c) A sugar-cane-wheat holding in Uttar Pradesh. In the sugar-cane-wheat
holding in Uttar Pradesh, the ample and regular availability of water allows sugar-
cane, an intensive cash crop, to be cultivated. Household food requirements are
met by wheat and rice.

Holdings of this type already have considerable latitude in forming crop rota-
tions. Two-year and three-year crop rotations are practised, encompassing three,

four, or five crops. The following are examples:
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Two-year rotations: sugar-cane-cotion-arable fodder;
sugar-cane-arable fodder—chick-peas

‘Three-year rotations: maize-wheat/chick-peas—cotton-arable fodder-sugar-cane;
sugar-cane-ratoon-pearl millet-fallow.

In our example, almost 4 third of the arable land is planted to sugar-cane, which is
intensively fertilized with up to 20-30 tons of stable manure per hectare.

Extensive cropping of fodder legumes, particularly berseem, helps to guarantee
the yield of sugar-cane, directly through the effect of the rotation and indirectly
through animal feed and the resulting stable manure, The wages for scasonal labour
constitute a farge part of the expenditure. In 1955 from the holding a family income
of $355 remaincd. Since 1955 new varieties and mineral fertilizer have been intro-
duced, supported by rising prices in the sixties.

(d) A tobacco-millet holding in Madras State. In the tobacco-millet holding in
Madras, 42 man-equivalents are employed on 122 hectares of arable land. The
possibility of intensitication that irrigation offers is being exploited to a high degree.
The annual cropped area covers almost 3 hectares. which is 243 per cent of the land
available. The land supports two or three crops annually, and they are crops that
demand a high level of labour and fertilization. The stress is on the cash crop,
tobaceo. Houschold food requirements are inet by the cropping of finger mitlet,
which produces remarkably high yields per hectare. Smaller plots are used for
arable fodder and bananas. The holding keeps two draught animals and two dairy
animals, which graze on communal pastures. The number of cows kept is based
only partly on economic considerations, because cow-keeping in this area is still
partly a question of religious tradition.

High cropping intensity involves a high degree of fertilization, and in holdings
of this nature. 6 tons of stable munure per animal unit can be relied on, that is 22
tons per hectare annually with 4-5 head of cattle and 1-22 hectares. In aadition, the
farmers make compost and buy animal manure, oil-cake. bone-meal, and mineral
fertilizer. Another dominating item of expenditure is the keeping of two draught
oxen on 1-22 hectares. The estimated costs of keeping draught animals are higher
than the ev.penditure on manual labour, measured in terms of local wage levels,
but the farmer cannot manage without draugit animals, since practically 3 hectares
have to be cultivated and provided with water.

On this holding, the high income from cropping each area of land two or three
times & year largely compensates for the scarcity of land. The fact that full advantage
is being taken of the possibilities for intensification through irrigation means that
the farmer succeeds in making up for the disadvantage of having a small area of
land.

(e) A Chinese type of vegete)le holding in Singapore. There is hardly a more
intensive farmer or gardener in the world than the Chinese vegetable producer,
who has adapted the subtropical Chinese system of market gardening to the humid
tropics of south-cast Asia. Table 7.5 shows the farm-management data of a holding
of 121 hectares in Singapore. run by three brothers. The vegetable gardens occupy
the flat land of the holding, covering not more than 0-6 hectares. The garden land is
divided into 127 beds. Dispersed among the beds are five man-made ponds. These
not only provide water for the vegetables, but also function as sites for growing
water hyacinth, an important source of pig fodder. In addition, they are stocked
with fish, The ground between the gardens and the hill slope is occupied by dwellings
and farm buildings. The hillside of the holding is left unutilized, except for some
fruit trees,

The bulk of the vegetables produced are of the quick-growing, leafy type, mainly
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TABLE 7.5

Farm-management data of a Chinese type of vegetable holding in Singapore

Type of farming Vegetable
Year 1965
Rainfall (mm) 2500
Method Case study
Persons per holding 30
Total labour force (ME) 0
Hired labour 5
Labour force (ME per 100 ha cropped) 826
Size of holding (ha) 121
Cropped land (ha) 0:60
Area cultivated (ha) 4-80
Cropping index 8007
Livestock per holding
Pigs (no.) 300
Poultry (no.) 440
Economic return ($ per holding)
Gross return from cropping 3559
Gross return from animal husbandry - 16 726
Total gross return 20 285
Less purchased material inputs 14122
Concentrates 12 356
Fertilizer . 1054
Other means of production m
Income 6163
Productivity '
Gross return ($ ha™?) 16 764
Gross return ($ per available worker) 2028
Value added ($ ha~?) ' 5093.
Value added (§ per available worker) 616

Source: Compiled from Ng Kay Fong, Tan Chee Lian, and R. Wikkramatileke (1966).
This publication does not contain a farm-management balance sheet. The figures
in this table in some instances had to be derived from various data, and they give
only a rough idea of the economic state of the holding.

Brassicaceae. Most of them are grown in stages—first in the nursery beds, and iater
in the main production beds. The vegetables usually occupy the production beds for
4-6 weeks. In the afternoon or the morning following the harvest, the beds are
planted again. The fallow beds amount normally to not more than 5-10 per cent of
the total. The average number of crops per year and per bed hovers around eight.
Fig. 7.8, taken from farms in Hong Kong, shows the sequence of cropping that is
typical for this type of farming. The rainfall, amounting to 2500 millimetres annu-
ally, is too irregular and inadequate to rely on. The watering of the vegetables is
roughly equivalent to an additional rainfall of 1400 millimetres per year.

The land provides hardly more than the physical medium for plant roots. The
gardens are fertilized with both farm-produced and purchased fertilizers, including
diluted pig manure, chicken droppings, mud from the ponds, compost, prawn dust
(a product of the shrimp industry), and mineral fertilizer. Night soil is traditionally
used in the farming system, but is no longer allowed for vegetable production,
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The rearing of pigs and poultry, livestock activities which lend themselves to a
high turnover, is an important part of the farming system. The pigs are fed on
concentrates and on a mash prepared from vegetable waste. Apart from supplying
much of the income, livestock also provides an important source of manure. Most
of the nutrients are not imported as purchased fertilizers, but as feeding stufl.

Intensive techniques thus enable the Chinese market gardener to cultivate
vegetables successfully in an cavironr :nt where natural soil fertility is low, rainfall
irregular, natural soil aeration often inadequate, solar radiation often too intense,
and harmful organisms numerous.
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FiG. 7.8. Multiple-cropping system on some Hong Kong farms (from Wong 1968).

(f) Conclusions. The examples from India and Pakistan show the influence
that differing levels of water availability have on the organization of holdings.
in the millet-groundnut holding. the cperative factor from the management
point of view is the interrelation between irrigated and non-irrigated fields.
In the second example it is the expansion of cash production through double
cropping. and in the third it is the growing ol a highly priced cash crop.
which takes a lot of water and fertilizer. The fourth example illustrates the
production possibilities of small plots when a tropical climate, water. good
soil, and plentiful fertilizing are combined. Finally, in the ffth exampie, the
Chinese type of vegetable holding, ample rainfall, an unlimited supply of
irrigation water, tropical heat. close markets. and cultivation in the hands of
particularly careful farmers all coincide. At the same time, the decisive
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principle of intensive, tropical, irrigation farming becomes apparent: the con-
centration of production in a smali area, which is worked with a high intensity.

7.4.2. Wet-rice systems: three case studies from East Pakistan, Thailand, and
Taiwan

(a) Characteristics of wet-rice cultivation. In climates with heavy rainfall,
rice is one of the usual crops in rain-fed farming, particularly aniong shifting
cultivators. Much more important than this upland or dry rice is wet rice, or
rice cropped on plots that are covered with water permanently, or at least
for a lengthy period, during growth. The main types of wet-rice cultivation
are as follows:

(1) Real deep-water rice is grown, for example in Bengal, where seeding
or planting takes place before the rainy season, and the growth of the rice
keeps pace with the rising water. Along some coasts of south-east Asia
there are harvests of floating rice, which is sown from a boat and develops
rhizomes 6-7 metres long.

(2) In rain-fed farming, rice is normally sown broadcast. This practice is
still sometimes retained in irrigation farming, for example in Ceylon and
some parts of India, when water is impounded in the paddy fields after the
sowing, This is a procedure that we term the traditional sowing method.
(3) In south-east Asia, rice is traditionally started in a nursery bed, and
6-8 weeks after sowing it is transplanted into the puddled mud of the field.
The production is carried out without many purchased inputs. This method
is called the traditional south-cast Asian method, but it is common also in
Madagascar and is spreading in Affica.

(4) The modernized transplanting method, which is largely influenced by
the Japanese method of rice cultivation, is common in Taiwan, and is being
introduced into African and other south-east Asian countries, and this is
the most intensive method. It differs from the traditional method in its
high input of purchased materials and in the special care taken with the
nurseries and with cultivation in general.

(5) Whereas the methods named above are based on the use of much
manual and some animal labcur, the American method of sowing is charac-
terized by a low manual labour input, extensive use of machinery, and
high labour productivity. The soil is prepared with a tractor, and the rice
is sown with drills or from aeroplanes and reaped with combinc harvesters.
Northern Australia and Surinam are tropical arcas where this type of
cultivation is practised. Weed killer:, which reduce the necd for nursery
techniques, are beginning to make modern sowing techniques attractive in
some low-income countuies also.

No other agricultural product in the tropics and subtropics has anything
like the same economic importance as wet rice. It constitutes the basis of the
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economy in most Asian countries, and it is expanding in Africa. The expan-
sion of wet-rice cultivation in the tropics and subtropics is based principally
on the following facts:

(1) It permits constant land use, even for centuries, without decline in
yields.

(2) 1t produces high, certain yields per hectare and consequently allows
the concentration of population.

(3) It enjoys a relatively favoured position within traditional agriculture:
manufactured inputs like mineral fertilizer, herbicides, and implements
make wet-rice cropping more productive, but even the rational use of the
traditional production factors of soil, work, and water can produce a
relatively high yield.

The really important phenomenon is the permanence of rice cropping.
Increased population densities in traditional rain-fed systems result sooner
or later in a dcterioration of the habitat. In a wet-rice region the habitat
remains undamaged. Some areas of Java, for example, support 2000 persons
per square kilometre, without any significant decline in rice production per
hectare (Geertz 1963, p. 32). Many of the famous terraced slopes in the
Philippines have been plantad to rice annually for more than 2000 years.
Wet rice fosters, therefore, cconomic stability, a dense population, and an
advanced civilization. It forms the technical basis for the formation of
permanent Kulturlandschafter' in the wet valley bottoms, which contrast
noticeably with the shifting cultivation of the adjoining forest landscapes.
Experience in tropical Asia shows that these two types of laad use represent
the two forms of arable farming that are most suited to the productior condi-
tions of @ warm, damp climate. On the one hand there is irrigated rice culture,
with high population densities, permanent housing. high labour inputs, and
high yields per hectare, conquering the difficulties nuture presents by con-
scious manipulation of the countryside. On the other hand there is shifting
cultivation, with low population densities, semi-nomadic populations, low
labour input, a low yield per hectarc of the total area. and adaptation to
nature.

In order to practice balanced cultivation where there is a shortage of land
it is often essential to make the transition from the most extensive system of
land use to one of the most intensive systems, and, in addition, to concentrate
production in the valleys and plains. The advantage of this transition is not
really that there is a higher average rcturn on the labour input. The point is
rather that, whereas intensificd shifting cultivation is accompanied by rapidly
sinking marginal returns from extra labour input, intensified irrigated rice,
at least up to a high level of yield, seems to have almost constant marginal
returns from extra labour. Low average but comparatively high marginal

! Landscapes strongly influenced by human eliorts to make them useful for man.
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returns characterize the farm-management situation in rice holdings, wherever
the water suyoly is sufficient and controlled. Irrigated rice culture is thus in
a position to adsorb productively much more labour. At the same time it
permits food prou:iction to be concentrated in narrowly circumscribed areas,
and, with comparatively short transport routes and the concentration of
population, the formation of towns can occur. In this way. irrigated rice has
laid the foundation for Asian culture.

Rice can be adapted to suit most types of agronomic conditions. It thrives
in the mountains and at sea level. in the tropics and in the warmer regions of
the temperate zones, on good and on poor soils (with differences in yield of
course). in the desert and where there is a heavy rainfall, provided that heat
and water are available 10 a sufficient degree. Irrigated rice is not as strongly
affected by wateiiogging. floods, and szlty soils as other crops. By the crop-
ping of rice, areas that would otherwise be waste land can be opened up for
agriculrural production. In faci, as long as there is a suitable supply of water,
some rice can be produced on soils that are too infertile to produce any other
grain crop (Jordan 1967, p. 3). Rice grows well on its own—and monocrop-
ping is therefore possible—but it can also be included in crop rotations with-
out any difficulty. The various labour operations, like preparation of the soil.
planting. and wecding. are largely independent of the weather. provided
there is enough water. There are many varieties, with different growing times
(100-200 days). diflering demands on soil and climate, differing abilities 10
benefit from fertilizer. and a range of other characteristics.

In handling and transporting, rice shares the advantage of all cereals over
the root crops, while in storage it suffers smaller losses than practically any
other tropical food crop. Raw paddy is resistant to insect attack in storage.
and parboiled milled rice is similarly resistant. Another advantage of rice as
a food is its ease of preparation. and its low requirement of fuel in comparison
with bread. Rice also has a high nutritive value, and its protein is of an
exceptionally high quality and digestibility for a vegetable protein, while it is
also exceedingly palatable (Jordan 1967, p. 5).

Furthermore, wet-rice production can be fitted into most social and
economic structures. Rice cropping is practised in large and small holdings.
in countries with high and low wage levels, almost without implements or
with a very high investment in machinery. In short, irrigated rice growing is
more adaptable than practically any other type of agricultural production.
Rice is also an ideal crop for a rapidly developing country, as the technique
for its cultivation can be made to keep in line with the development of the
country as a whole, and its cxtent is unlikely to be restricted due to rising
economic levels, as may happen with other crops (Jordan 1967, pp. 4-5). It
is this adaptability, not only 1o agronomic conditions but also to social
and economic conditions, that makes wet rice so extremely attractive as a
crop.
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The basic features in the organization of various types of rice holding can
be demonstrated with a few examples taken from: ricejute holdings with an
unregulated water supply in Bengal, monocrop rice holdings in Thailand,
and a holding with multiple cropping in Taiwan. Table 7.6 contains farm-
management data of rice holdings in Japan and the United States, so that
comparisons may be drawn.

(b) Rice-jute holdings in East and West Bengal. In the Ganges Delta in
East Fakistan, 1500-1700 millimetres of rain fall in summer on relatively
fertile soils. A¢ the beginning of the rainy season the water accumutlates in the
fields, supplemented by flood water from the rivers. At the end of the rainy
season the land is covered with water up to one metre in depth. Thus nature
supplies water free, and with it silt and nutrients are introduced. But nature
does not supply the water regularly and in optimum amounts: sometimes
there is too much water and sometimes too little. Consequently production
conditions have been developed that in many respects combine the features
of irrigation farming and rain-fed farming, and can therefore be regarded as
an intermediate stage between these two forms of land use.

Rice and jute are the main crops. The typical Euast Bengal holding that is illus-
trated in Table 7.6 comprises 2-3 hectares of arable land, divided into 22 plots to
minimize risk. In the rainy period, the whole plot is cultivated. 1-5 hectares are
used for various forms of rice cropping, and 0-3 hectares for jute. Directly after the
rainy season, a part of the arable land is cropped with icgumes, wheat, and oil-seed.
Total cropping amounts to 3-0 hectares, or 150 per cent of the available area, A
rice-jute holding normally includes four head of cattle, of which two are draught
oxen. The fodder basis consists of rice straw, fallow grazing, and roadside grazing,
There are scarcely uny pastures. Stable manure is used as fuel, and if any is left over
it is applied to the jute.

In the case of the rice farmers of Bengal—and similar observations can be
made elsewhere in wet-rice farming—various measures are taken in order to
adapt production to an unreliable water supply:

(1) The farm land consists preferably not of one block but of numerous
plots on different soil types and at different altitudes. Some of them are
expected to yield reliable returns. In the case study, the average farm has
22 plots.

(2) Various varieties are grown. In the area oi the case study there are 23
different rice varieties. The higher the risk of drought on a given plot the
greater the preference for quickly maturing varieties (aus). The higher the
risk of flooding, the greater the preference for varieties with long stalks
(aman). There are also distinct varietias for each season.

(3) The higher th= risk, the greater the preference for seeding rice instead
of transplanting. Most of the rice in the area of the case study is seeded.
(4) Husbandry practices in nursery establishments are tuned to the relia-
bility of water supplies, i.e. they uare the more intensive the higher the



TABLE 7.6

Farm-management data of rice farms in East Bengal (Pakistan). West Bengal (India). Thailand, Taivan, Japan,

and the United States

Location

Yecar

Mecthod

Number of holdings

West Bengal
1960 1964-5

Sample Case study
n.a. I 27

East Bengal
1955-6

Thailand

Sample

Taiwan

1960

Case study

Japan
1960

Casc study

United States

1959

Sample
20

Workers per holding (ME)
ME per 100 ha
Size of holding (ha)
Arca cultivated (ha)
Ist crop
Rice
Jute
2nd crop
Rice
Wheat, oil-sced
Leguminosae
Fodder
3rd crop
Wheat
Vegetables
Biennial crop
Sugar-canc
Arca cropped (ha)
Cropping index
Livestock per holding
Draught cattle
Dairy cows
Pigs
Chickens

1507,

n.a. 30 2
n.a. 150 68
20 4-7

2:0 45

ta by

S W

30 29 4-5
145%, 10057

~

n.a. n.a.

|+
a

n.a.

18

30
2739,

05
04

n.a.
n.a.

2:3
105
22
20

34
1709,

30

480
80%



Farm capital (§ per holding)
$ ha™?
Land
Buildings
Animals
Equipment
‘ield
Rice (paddy) (q ha ')
Rice (§ ha™')
Wheat (q ha™?)
Milk (kg per cow and year)

Economic return (3 per holding)
Total gross return
Rice
Household consumption
Less purchased maierial inputs
Fertilizers
Fodder
Equipment
Income
Less wages
Less taxes and rental payn:ents
Fanily income

Productivity

Cross return (3 ha™ ')
Gross return ($ ME ' 1)
Value added (§ ha™ ')
Value added ($ ME"!)

n.a.
n.a.

n.a.

n.a.

n.a.

n.a.
1
n.a.
7
n.a.
139

na.

57%
n.a.

n.a.

n.a.

n.a.
na.
n.a.
n.a.
n.a.
60
n.a.
n.a.
n.a.

1n.a.

37
265

1120

227

893
183

13
697

560
373
446
298

na.
n.a.
n.a.
n.a.

35%
n.a.

2778
24°;
7%

1072

17
79

n.a.

505

37

168
15
63

390

107
158
100
146

29,
259

a5%,
n.a.

6058
5608

4
350
25

1211

482

729
1

66
552

1121
1009
675
608

89%

57%
1724

24,
1796
n.a.

5985+
2716

58
1034

3232

3360

1148

2212
35
407
1770

1527
1461
1005

962

429
23%

o
12724

40
54%

329,

1Y%
31%

329

n.a.
n.a.

27

286

137 500

87 500

50 C00
17 000

n.a.
33000

229
22917
83
8333

667
3%

17%

1007

10%;

6554

» Tax value, below market value.

Sources: Kung (1962); West Bengal Government (1968, p. 93); Ozbilen (1962-3); Thailand Ministry of Agriculture (1959); Japan Ministry of
Agriculture (1960); Andreac (1964).

East Bengal
1960

West Bengal
1964-5

Thailand
1955-6

Taiwan

1960

Japan
1960

United States
1959
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chances are that suficient water will be available when seedlings of an
optimum size are available for transplanting.

(5) Transplanting occurs only after heavy rainfall indicates that the mon-
soon has definitely started. This may mean a loss of time and yield in
average vears, but risks 1o production are lower,

(6) Mineral fertilizer is often not applied at the times that would be
optimum with reliable water supplics. Many farmers wait until rainfall
has been ample enough to indicate that sufficient water will be available,
(This can be observed particularly in areas with unreliable monsoons. s
for instunce in Madras State.;

(7) Rice farmers with unrcliable water supplies tend to supplement food
production by growing crops that yield less per hectare but show a high
yield reliability. such as various millets.

(8) Rice serves principally 1o supply food, whereas jute is the principal
commercial crop. It is sensitive 1o waterlogging in its early stages, and it
competes with rice less for the lower ficlds than for the higher ones, where
water builds up only when the rainy season is well under way. Jute requires
more manual lubour (approximately 150 work-days of 8 hours per hectare)
than sown rice (approximately 75 work-days of 8 hours per hectare).
Harvesting is particularly laborious. for in the months of peak rainfall the
Jute. which is standing in deep water. is cut. tied up in bundles, and left
to ret.

The rice-jute holdings of East Bengal have considerable production poten-
tial, owing to the fertility of the soil and the ample water supply. but develop-
ment of this potential meets with a number of obstacles:

(13 The irregularity of the water supply is of overwhelming importance,
and damage due to flooding as well s drought is frequent. Bengal has a
long history of famine. The amount of water required to guaraniee yields
in irrigation farming is often not available.

(2) As well as the uncertain availability of water, there is the high cost of
draught power. According to Ozbilen's investigation (1962-3), there are
133 draught oxen per 100 hectares of arable land, and they burden the
holdings disproportionately. because of the fodder that has to be pur-
chased or the amount of fallow grazing required. In other words, provision
of feed for the cattle and the expunsion of double cropping compete for
land. On the other hand. this type of land-use system must have effectjve
truction power, because it is important to make full use of the best planting
dates as determined by the rainfall.

(3) The second annual planting is difficult, because the water supply is
limited to a few months and in the dry season there is no irrigating at all.
The second crops must manage with the moisture remaining in the soil
after the first harvest. These carch crops are predominantly legumes, which
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have a short vegetative period and low yields After a short monsoon there
is scarcely any point in a second crop; it is only a practicable proposition
in years with a long monsoon and on soils that are able to retain moisture.

The jute-rice holding in West Bengal, which conuasts with that in East
Bengal (sce Table 7.6), produces under alimost identical conditions of soil
and climate. It has, however, the advantuge of a regular supply of water and
is less exposed to flooding. The markets of Calcutta are close by and prices
are relatively high. Land use is therefore much more intensive; in particular,
yields ure higher, thanks to the combined etfects of new rice varieties, mineral
fertilizer, and controlled irrigation,

(¢) Rice holdings in Thailand. In the fertile, comparatively thinly populated
rice-growing areas of Burma and Thailand, rice is planted in small fields, the
paddies, which are seldom larger than 0-5 hectares, and are irrigated by
water drawn from the river during the rainy seuson. They belong to relatively
larger export-orientated holdings than in Pakistan. The conditions we find in
Nakom-Phatom Province in Thailand illustrate this type of farmiryg.

Whereas in the denscly populated regions of India or Java rarely more than 2
hectares per holding are used for rice, we find here <5 Lectares of rice. This area
supports rice once a vear, year after year, and has done so for centuries. After the
rice harvest, the soil quickly dries out, hardens, and lies fallow until the next
planting, during which time it serves as grazing. This kind of holding has, apart
from the rice fields, a fair-sized garden, work cattie, and ~ome pouliry. The fact that
a couple of pigs are kept indicates the similarity to the Chinese type of rice holding,
where pig-keeping is customary.

Since harvesting takes place only once a year. slow-maturing varieties,
which produce a comparatively high yield. are preferred. The method of
cultivation shows the basic features of the traditional southern Asiun rice
culture, namely:

(1) The raising of seedlings in nursery beds.

(2) Levelling and preparation of the water-covered soil with draught
animals, plough, and harrow (8-12 ploughings with iron-shod ploughs.
usually not deeper than 34 inches).

(3) Transplanting about two months after germination.

(4) A reasonably well-regulated water supply (in some holdings in the
region of this example, water is already conveyed by pumps).

(5) Harvesting of the ears with a knife or sickle, the straw being left tor
the most part on the ficlds.

(6) Transportation of the harvest to the farm on dry land by carrying, by
sledge. or by bicycle.

(7) Threshing by hand or by the trampling ol animals.

(8) Drying of the rice in the sun,
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As the water supply is regulated effectively, the planting method is pre-
ferred to the sowing method. and there are indeed obvious advantages:
gowing the seedlings in nurserics saves seed, water. and time. since only
relatively small areas (a tenth of the cropping area) need to be irrigated in
the first two months of growth. The farmers have these two months to prepare
the soil and suppress the weeds in the paddies. Moreover, transplanting
produces yiclds higher than those of sown rice. while the certainty of the
yield is also greater. and the crop ripens more evenly, Modern. intensis e rice-
growing methods are. however. not yetapplied. Neither organic nor inorganic
fertilizer is common: people rely on the nutrients brought by the water, Thev
de not plant in rows, neither is it customary to combat weed growth system-
atically. Between planting and harvesting. the labour input is limited to the
control of the water supply and the scaring of birds from the ripening field.
The yields. at about 1-7 tons of paddy per hectare. are scarcely half” of what
is normally obtained in Taiwan.

The main economic feuture of this type of rice production is that, despite low rice
prices, a comparatively high fumily income is atiained. Rice holdings of this kind
are found in countrics that are dependent on the export of rice. and whose farmers
consequently receive u low price as producers. In Thailand, this is only 30-05 per
kilogram of paddy, whereas in Jupan it is $0-18 per kilogram and in the United
States £0-10, The holding input is in consequence limited to land and labour. In the
holdings in the example shown in Tuble 7.6, only 3 per cent of the holding capital
is allotted to equipment. but 86 per cent is allotted 1o the soil, The purchased inputs
per holding are kept to 36, and of this sum practically half is used for purchasing
fodder, mainly for the traction animals, Because of the soil fertility. and despite the
fow prices and the small expenditure on production means, a grass return of £505
is achieved. A large proportion of the output, approximately 75 per cent, is mar-
keted. The family income amounts to $390. when non-agricultura earnings and
payment of rent are taken into account (half the holding area is rented fand). This
income is comparatively high, particularly whenr we consider that the cost of living
is relatively low on account of the o price of rice.

The economic problem in this type of holding is caused by the fact that the
labour and soil potential are insufficiently exploited. The family has at its
disposal 3-19 man-equivalents and. with 250 work-days a year. a total of
800 work-days. The holding. however. uses only 362 work-days annually,
Planting and harvesting constitute the work peaks, and in the intervening
time the farmers have little to do. In addition 1o the need for improvement
in the method of rice cropping. therefore. there is also the question of full
employment of the available labour and Jand by double cropping. Because
the soil hardens so quickly, the chances of sowing a second time after the
rice harvest are slight. One solution. already adopted in some cases. lies in
additional irrigation with the help of pumps during the dry season.

(d) A rice farm with multiple cropping in Taichung District. Taiwan, The
relatively small rice holdings of Taiwan are on an island with a long-term
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jand shortage. skilled and efficient labourers and farmers. easy access t0 new
technologies. and rising purchasing power. {n addition there are, in the
Taichung District, fertile soils, relatively warm winters, and irrigation systems
with effective water control. Consequently, methods of rice production have
been developed that combine high productivity per hectare with high pro-
ductivity per man-hour.

The highly intensive rice-growing method in Taivan, which benefited from
Japanese experience, has traditionally been distinguished by:

(1) intensive organic fertilizing (night soil, animal manure, fish. cil-cake,
green manure, ash, etc.):
(2) two rice harvests a year where the water supply is sufficient;

and in more recent times by:

(3) varicties that are suited to heavy applications of fertilizer;

(@) a high level of mineral fertilizing in the nursery, at transplanting, and
during growth;

(5) treatment of the secd with fungicides:

(6) the employment of pesticides and herbicides:

(7) early transplanting three weeks after sowing;

(8) particular care in nursery techniques and in preparing the field:

(9) planting of rows from aorth 1o south to take full advantage of the
sunshine;

(10) optimum distances between rows and between plants:

(11) the use of improved implements:

(12) several hoeing and ridging operations (four times in forty days):
(13) the alternation between drainage of water ani a high dose of water
during the growth period: and

(14) the threshing of the harvest by means of small. stationary threshing

machines.
Intensive rice production of this type is practised in the holding depicted in

Table 7.6. The total farm ared of 1-08 hectares is about average for the island.
Multiple cropping reaches the index figure of 273, which is typical for the Taichung
District. Spring rice, summer rice. and a winter crop (wheat. cabbage, sweet potatoes,
seed rape) are usually grown on cach plot (see Plate 7.5). The total area cropped
thus amounts to 3-00 hectares. In addition, we find poultry and livestock activities,
which contribute about 2 quartcr of the toial gross returns. One butlalo is kept for
cultivation work. Mineral fertilizer and concentrates are the important purchased
inputs. 320 kg N, 200 kg P,Os, and 200 kg K.0 arc applied per hectare and per
ear.

’ Multiple cropping, high yields per hectare of cach crop, and a high level of live-
stock production are the key factors behind the high return per hectare and per
holding, and this in spite of the low prices for the products, which are much less
than in Japan. The gross return amounts to $1211, of which 17 per cent is consumed
in the houschold. After deduction of the cosis of purchased inputs and hired labour.
there remains a family income of $552.
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For comparison, Table 7.6 includes farm-management data for Japanese
and American rice farms. Japanese rice farms differ increasingly from
Taiwanese farms because of the introduction of tractor ploughing (single-axle
tractors), mechanized harvesting, increased fodder growing, and dairy produc-
tion. Where dairy animals are kept, the fertilizer economy acquires a different
character. The supply of nutrients through mineral fertilizer is replaced
more and more by fodder concentrates, whose nutrients reach the soil as
stable manure. The return per hectare and per man-equivalent in the Japanese
case study is even higher than in Taiwan. This, however, is mainly owing to
the higher prices to the producer. The American rice holdings show that
mechanized rice production combines very high labour productivity with a
medium level of returns per hectare.

7.4.3. Farming systems in large irrigation schemes

(a) Characteristics of production under close supervision. Recently, small-
holder settlements have been increasingly established in areas that are being
opened up for arable farming in large-scale irrigation projects. It is a charac-
teristic of large-scale irrigation developments that there is a great measure of
physical interdependence between different users of the water, and, therefore,
to achieve maximum benefit, the resources must be planned and operated as
part of an integrated system (Carruthers 1968, p. 7). In several countries,
large-scale enterprises have been created by the government and are operated
by government-backed agencies. The farm-management position of small-
holders in these irrigation schemes is different from their position in holdings
that obtain water from minor irrigation works. The minor schemes have
been set up in the course of time not so much by the use of capital as by work
on the part of the local population. For this reason, they rar:ly entail high
fixed costs. Large irrigation schemes, on the other hand, necessarily involve
high fixed costs, and this means high productivity and high water charges.
The farmers, who are not as a rule highly experienced in modern irrigation
farming, are not in a position to realize the production potential within a
reasonably short period after the water has been made available. The answer
to the problem is production under close supervision, that is, the obligatory
application of modern technigues by all water users. The state, which has
the right to distribute land to settlers and to grant water rights, has a ‘power
key’ by which it can introduce better techniques. This is selective pressure in
the sense that it is used only on those smallholders who are interested in
becoming irrigation settlers. They must agree to abidc by a series of principles
that guarantee technically and economically efficient production. At tie
same time, participants may retain ownership of the means of production
that they possessed previously, or which have come into their possession,
with the proviso that they may not dispose of this property just as they please.
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They are dependent in this respect on the rules laid down by the scheme
management.

In large irrigation schemes the management functions are usually not in
the hands of one man, but partly in the hands of ihe scheme agency and
partly in those of the cultivators.

(1) The project manager runs the framework of the scheme. He sces that
production is carried on in an organized fashion; he arranges the acquisi-
tion of water, he organizes tractor ploughing, the supply of purchased
inputs. and the marketing. His function is that cf a strict but benevolent
and technically progressive landlord. Cooperative management is hardly
feasible in irrigation schemes. The task of distributing water and supervising
production is too delicate to be left to a group of people who are the repre-
sentatives of the irrigators. The successtul running of large irrigation
schemes obviously requires a high degree of centralized authority (see
Wittfogel 1931).
(2) The smallholders do the work delegated to their plot. Within the rules,
which are laid down by the project agency and can be organized and
enforced on a broad or narrow basis according to the knowledge and the
drive of the irrigators, the smallholders operate at their own discretion.
Their position is often closer to that of sharecroppers than of independent
tarmers. Frequently they are tenants.
(3) The irrigators can, if necessary. join forces and cooperate in certain
undertakings. as for example raising credit or selling their produce. The
activities of the cooperative are again supervized by the project manage-
ment,
The details supplied by Giglioli (1965, p. 202) give us an idea of the returns
of production under close supervision in one of the most successful irrigation
schemes in Africa, the Mwea-Tebere irrigation scheme in Kenya. He writes:

Tenants are aliocated four one-acre plots as a rice holding. Only one crop of
transplanted rice is grown per year... No rotation is practised . .. The rules
are very comprehensive . .. and ... particularly detailed on matters relating to
cropping practices, water control, absentee ownership, and disposal of the crop.
Management has rhree disciplinary tools to deal with recalcitrants. These are. in
order of increasing severity: written warnings, prosecution and termination of
licence . . . Selection (of tenants) has been limited to the disinherited, and the
Clan Committee have a very human tendency to unload onto the Settlement the
less desirable members of their community . . . (Nevertheless) in the three years
that the Irrigation Rules have been in force only 19 tenants have had their
licences terminated {Msvea section only). The basic organizational unit. . .is a
block of 2400 acres of irrigated rice. supporting 600 families . . . The Assistant
Agricultural Officer is in charge of all activities on the blnck . . . The day to day
supervision . . . is in the hands of the Field Assistants. Each man is responsible
for 150 tenants . . . All water control is in the hands of the Settlement staff. A
tenant is not ailowed to interfere in any way with the water regime in this field . ..
the Head Water Guard and his Guards are responsible for execution . . . The

13
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last link in the chain between the Manager and the tenants is constituted by the
Head Cultivator . . . a tenant selected for his farming and leadership qualities . . .
The introduction of mechanical cultivation has made possible a degree of plan-
ning and discipline and extension unthought of in the past. The orderly progres-
sion of cultural operations made possible by mechanization of puddling has
produced an atmosphere in which strict discipline can be enforced without
opposition . . . It is now possible to meet every group of tenants . . . hefore the
beginning of each stage of the cultivation and to indoctrinate them on the
measures. Repetitive indoctrination made possible by mechanization is showing
its effectiveness by both the increase in yield and the even distribution of the
increase over all the tenants on the Settlement.

Irrigation farming under close supervision combines a number of advant-
ages that characterize small-scale and large-scale farming. The stimulus for
efficient production, which is generated by the direct relationship between
the individual's efforts and the returns of the land, is maintained. Every
irrigator receives an income according to the yield of his land; since the
quality and amount of land and other inputs provided for each settler are
the same, the yield is mainly a direct reflection of the amount and skill of the
labour input. Large-scale operations, such as ploughing or spraying with
pesticides, can be organized by the management on a large-field basis. The
plots of the irrigators can be arranged in such a way that large machinery can
be used efficiently. Innovations like new varieties or crops can easily be
introduced by the scheme management.

(b) A case study: the Gezira scheme, in the Sudan. The biggest example of
large-scale irrigation farming under close supervision is the Gezira scheme
in the Sudan. In the project area, which including extensions comprises
756 000 hectares and 73 000 tenants, the land was leased or bought from its
owners, reorganized, and devcloped for cropping with cotton, sorghum, and
various fodder legumes. The division of operations between the government,
the scheme management and the tenants is well defined.

The government has four main responsibilities:

(1) Tt buys or leases the land from its owners and pays small rents.

(2) 1t builds and maintains dams and the primary and secondary distribu-
tion and drainage channels.

(3) It finances the acquisition of water and land development.

(4) Finally, it establishes the scheme management as an autonomous body
—the Gezira Board.

The scheme management is responsible for the following functions:

(1) It distributes the land among the leaseholders and enters into lease
contracts with them. In the original Gezira area, the smallest irrigation
unit is a rectangle of 1420 metres by 292 metres. Each of these blocks is
divided up into nine plots, each of 4-22 hectares. Each leaseholder receives
one plot of land in four blocks, giving 16-8 hectares altogether. Further
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subdivisions and amalgamations are permissible. The holdings in the
Managil extension are laid out on a smaller scale (6-3 hectares), because
the original holding size was too great for the tenants’ labour force to
manage.
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FiG. 7.9. Organization of water delivery. land use, and field layout in the Managil extension
of the Gevira scheme. Sudan. Two blocks, each with nine holdings are shown (three plots of
20 ha per holding). Al and B are the cultivators of the first strip, each larming 21 ha
cotton, 0% bt sorghern, and 1:05 ha lubia. From Wirz (1966, p. 33).

(2) Land use is not open to the settler but prescribed by management. The
usual crop rotation. embracing eight years, is as follows: cotton-fallow~
fallow-cotton—fallow-sorghum-lubia( Dolichos  lablal')}-fallow. In the
Managil extension. a six-field crop rotation was introduced: cotton-
fallow-cotton-lubia-sorghum-faliow. Fig. 7.9 shows the plot division in
this rotation and illustrates the connection of smallholder farming with
large-field management. Each field is 2+1 hectares in size and forms. with
seven others. a unit of 16-8 hectares (see Table 7.7). Each tenant uses his
plots in obligatory rotation. Thus, for example, tenant Al uses a cotton
field of 21 hectares. half a sorghum field, and half a lubia field. In the
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following year his cropping is adjusted according to the rotation, but only

within the strip that he has been allotted together with the tenant Bl,

(3) It organizes the water supply, maintains the canal systems, and levels
the land. The date when the waier s supplied ard the amount are deter-
mined by the Board. Furrow irrigation is supplied twelve to fifieen times

TABLE 7.7

Farm-management datq of a tenant helding in the Gezira, the Sudan (1949)

Size of farm (ha) 16:8
Irrigable 100
Cotton (haj 4.2
Sorghum (ha) 24
Lubia (fodder) (ha) 2:]
Fallow (ha) 8:4
Cropping index 50%
Yields
Cotron (kg ha-) 1400
Sorghum tkg ha-?) 2
In holdings In holdings
worked with worked with
wage workers family labour

Economic return (8 per holding)
Gross return® 881 998
Cotton 588 588
Other cash crops — 17
Subsistence food 293 293
Less expenses 225 166
For cotton 137 n.a.
For sorghum 44 na,’
For fodder crops 44 n.a,
Family income 656 822

Froductivity
Gross return (§ per ha total land)® 52 59
Gross return (§ per ha cropped)® 104 118

* 4C per cent of the value of the cotton crop.

® 100 per cent of the value of the cotton crop, including the share of the government and

the board.,
Source: Versluys (1953-4),

in the growth period of cotton, i.e. 1200 millimetres, which is supplemented

by 200-400 millimetres of rain in a year,

(4) The annual preparation of the soil with tractors js also carried out by
the scheme management and presents the tenants with land ready to be
sown—the arrangement of cropping in large blocks with one crop facilitates

mechanization.
(5) Seed, mineral fertilizer, and other material inputs are supplied,
(6) Pest control is centrally undertaken by the management,
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(7) It also ensures that operations delegated to the tenants are carried out
according to plan.

(8) The transport, preparation, and sale of cotcon is centrally organized.
(9) The scheme management organizes the distribution of small amounts
of credit for the payment of seasonal labour for cotton picking.

(10) It is responsible for the collection, ginning, sorting, storing, and sale
of cotton.

(11) It also finances research.

(12) 1t supports the social institutions in the project area.

The tenants are assigned special tasks:

(1) They are responsible for all manual work—seeding, weeding, harvest-
ing, uprooting old cotton stalks, ditch clearance, etc. The work must be
carried out at specific times. Each block is under the supervision of a block
inspector, who checks the timing of operations in cotton growing, but the
senants are left to do the work themselves, or to employ seasonal workers.
(2) The cotton has to be surrendered by them to the scheme management.
(3) Tenants can keep their cattle in the project area. The fallow is used
as communal grazing. Cropping of fodder legumes bridges the fodder
shortage in the dry season.

(4) Farmers are members of a tenants’ organization, which represents the
interests of the tenants at the scheme management level.

The harvested crops of sorghum, other crop products, and animal products
belong to the tenant in their entirety (see Table 7.7). The dues of the project
management arc deducted from c. ton receipts. First of all, those cost items
are deducted that have to be carried by the project and the cultivator jointly.
These include: mincral fertilizer, seed, pest control, tractor ploughing for
uprooting cotton stalks (which are burned after the harvest), the wages of
ficld guards, the costs of iransport, processing, and marketing of the cotton,
and applied research. The amount remaining after these deductions is distri-
buted as follows: tenants 48 per cent, govermment of the Sudan 36 per cent,!
Gezira Board 10 per cent, reserve fund of the tenants, social fund, and local
communities cach 2 per cent. The payments arc apportioned to the individual
tenants, and thus each tenant receives an income that amounts to 48 per cent
of the value of his cotten, in addition to the return from his other activities.

7.5. Weaknesses of the sysiem

Agricultural innovations during the last decade have increased so rapidly
that the gap betwcen actual and optimum output is usuaily high, and par-
ticularly so in irrigation farming. The main weaknesses of irrigation systems

_ ! The government’s sharz declined from 40 per cent in 1965 and the smallholders’ share
increased from 44 per cant in 1945 and 42 per cent in 19€0.
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are not inherent in the system as such, as is the case in shifting systems and
generally to a lesser extent in rain-fed farming. The major weaknesses lie
rather in the inadequacy of water control, husbandry practices, and irrigation
institutions.

1.5.1. Insufficient control of water supplics

The most important bottlenecks in irrigation farming are usually the
insufficiency and unreliability of water supplies in the season when water is
needed, and waterlogging at other times. This is particularly tru for terraces
with wet rice, for minor irrigations with various arable crops, and for the
large river plains, where drainage is often a great problem. Irrigation water
should be under the centrol of the irrigator at all times, and this is usually
not the case. Most of the wet rice in Asia and Africa is grown during the
rainy season without a reliable source of water. Wet-rice production relying
mainly on impounded rainfall rarely exceeds 15 tons per hectare, while twice
the yield can be expected with controlled irrigation, even without improved
practices. The major reasons why wet-rice producers harvest low average
yields are primarily outside the control of the individual farmer. The modifica-
tions in the environment necessary to achieve effective water control-—
irrigation and drainage, during both the wet and the dry seasons—will have
to come primarily from investment in water-distribution structures. Public
investinent and communal work are required to narrow the gap between
typical and potential yields in wet-rice production (see Ruttan 1966, pp. 32-3).

The failure to develop an effective water storage, transportation, and
drainage system in large parts of the tropics is partly due to the physical
geography of the areas concerned. Japan ard Taiwan, for instance, are
characterized by short river valleys anu narrow coastal plains, which lend
themselves to locally organized, small-scale, labour-intensive irrigation, and
drainage works. Most other rice-growing countries in south-cast Asia and
Africa are characterized by broad river valleys and plains. Under these condi-
tions, the physical geography dictates the organization of large systems of
water distribution on a national basis. The construction of such systems
requires high levels of capital investment. Accomplishment of this scale of
investment is held up by the generally low profitability of large-scale irriga-
tion schemes, which is to be attributed mainly to low product prices, and
difficult organization and administration.

The rational use of water in minor irrigations, which in terms of area and
production potential are even more important thar large schemes, suffers
for various reasons, the most conspicuous being the following: inappropriate
water and land rights, administr ative inadequacies, difficulties in organization
of underemployed rural labour without payment in communal work, difficul-
ties in organization of efficient cooperatives for water use, lack of small
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amouats of credit, and lack of incentives for farmers who are prepared to
undertake development.

1.5.2. Wasteful irrigation and husbandry prectices

Wasteful irrigation practices, which prevail in most of the minor irrigation
areas, are another drawback of irrigation farming. Much water is lost in ficld
canals because of secpage. Attempts to irrigate iand with an uneven surface
generally result in low efficiency of water use and low crop yields. Sufficient
drainage is a prerequisite for high yields and the prevention of loss of land
due to salting. Misuse of irrigation water, in particular too high doses of
water, cai cause soil erosion, waterlogging, and a build up in soil salinity,
and can thus lower efficiency in terms of output per cubic metre of water and
per unit of investment in irrigation facilities. In particular, the sharing of
water on a rotational basis without water meters, as is customary in minor
irrigations that supply several irrigators, often leads to the uneconomic use
of water. The users will tend to take their full share at each turn, irrespective
of the water needs of their €rops.

Wasteful irrigation practices encourage the tendency to continue tradi-
tional farming, aithough new varieties, mineral fertilizers, and pesticides have
created 2 new situation with attractive possibilities. The numerous problems
involved in introducing innovations are dealt with elsewhere.! In this con-
nection, it is mecessary to point out that irrigation farming, because of its
production potential, depends more on the willingness of farmers t0 change
and on knowledge, skill, ana drive than do other land-use systems. Multiple
cropping makes snecial demands. Preparation of the land, planting, and
harvesting can be accomplished several times within a year only if the culti-
vators are prepared to work hard and to discipline themselves to observe the
necessary schedule of work.

7.5.3. Dependence on inadequate institutional arrangements

Short-comings due 10 uncontrolled irrigation and inadequate husbandry
practices are, however, only partly a matter of lack of knowledge, skill, and
drive. In irrigation systems, closing of the gap between actual and optimum
farming depends more than in any other land-use system on institutional
arrangements that promote production. This is particularly truc of land and
water rights.

frrigation is a practice that relatively few farmers aré able to organize on
their own. Water storage, supply, and drainage are complex processes that
can be carried out only through joint action that will affect a large number of
individual farmers. Consequently, the way in which these things are organized

! Ruthenberg (1964, 1966, 1967).
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can be a crucial factor in the progress of irrigation farming. Often the func-
tions of land ownership and water supply on the one hand, and their use in
farming on the other, are divided between different people: the private or
public landlord and the smaliholder. A practice detrimental to irrigation
farming in such a situation is sharecropping, which reduces the incentives for
intensification. On the other hand, a high fixed monetary charge per unit of
land, in the form of either a land or a water charge, although highly effeciive
in introducing intensive farming, is politically difficult to implement. In some
regions, vhere the normal rainfall is adequate, the farmers tend to regard
irrigation only as an insurance against years with insufficient rainfall, because
water is free of charge or there is no fixed water charge sufficiently high to
induce more intensive farming.

A number of projects that have been operating for years—the Gezira
scheme in the Sudan is the n.ost famous example-—show that irrigation
farming under close supervision allows modern farming techniques to be
used by unskilled smaltholders where required. Production under close super-
vision, however, is not a generally applicable principle. The approach shows
several weaknesses, the most important of which seem to be the following:

(1) High costs of supervision and mechanization have to be borne either
by the tenants or the government. Projects must be large enough 1o work
economically. Since the scheme managements only rarely have any compe-
tition to contend with, there is the danger that top-heavy, authoritarian,
and arbitrary bureaucracies might develop.

(2) The layout has to be simple and uniform. Concentration on one or
two major cash crops is advisable. The patterns of land use are necessarily
rigid. Smallholder farming under close supervision is not characterized by
variety in cropping like other types of irrigated smallholder farming, though
this variety helps to increase yields and reduce risk.

(3) The tenunts are inclined to employ labourers and to become miniature
landlords. The more compulsive and complete the supervision is, the
smaller the scope for individual initiative and the less willing farmers are
to invest in their holdings.

(4) Production under close supervision is usually unpopular, and the
success of production depends, therefore, upon political backing. The
participants very rapidly feel themselves to be capable of running the
production properly without supervision, an opinion that is not as a rule
confirmed in actual practice.

Minor irrigation areas are too small to be organized along the lines of
production under close supervision. The traditional landlord, who had the
authority to distribute or sell water economically, has largely been abolished
by land reforms, but most of them were neither benevolent nor technically
progressive. Cooperatives may fill the gap, but experience shows that it is
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very difficult indeed to organize irrigation properly wiihout the backing of
some outside authority, and this runs contrary to the principls of cooperative
action.

7.6. Development paths of irrigation farming

Further development of holdings with arable irrigation farming will lead
to fundamentally different land-use systems only in exceptional cases. The
change to irrigated tree crops or to irrigated pasture arc two relevant possi-
bilities. The return to extensive grazing is another possibility where land is
lost due to salting. As a rule, the real issue for farm management is how to
increase production within the framework of arable irrigation farming. The
following basic possibilitics present themselves:

(1) Increase of the irrigated area, by increase of water supplies; or obtain-
ing of a more efficient use of the available water.

(2) Increase in the land productivity, by getting higher viclds per crop
cultivated; change to higher yielding crops; and increase in multiple
cropping to get higher output per month and per hectare.

Irrigation farming in Japan and Taiwan is particularly advanced in its use
of these possibilities. Although the ecology of much of the tropics and the
price relationships that usually prevail rule out a direct transfer of the pro-
duction techniques of these two countries, some of the principles successfully
applied in economically advanced countrics of high population density may
be taken as indicators to the development path of other irrigation systems in
the tropics.

7.6.1. Innovations and iriproved husbandry
There is much scope for economizing on water use in irrigation farming.
Carruthers (1969, p. 34) summarizes the relevant approaches in the following
way:
(1) Adaptation of cropping pattern to the availability and the reliability
of water supplies.
(2) Allowing crops to draw upon stored soil moisture.
(3) Allowing crops to suffer water stress for some time, if this can
contribute to increasing overall production with the given resources of
water, labour, and capital.
(4) Fulfilment of leaching requirements at times of the year when there is
no peak demand for water.

Thesc are economic rather than technical criteria for determining water
application. Furthermore, there is a good chance that imporiant water-
saving innovations might be developed in the near future. A case in point is
the replacement of the continuous flooding of rice by intermittent irrigation.
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Even more important in the short run are innovations in plant develop-
ment. A two-fold or three-fold increase in yields per hectare and per crop
under field conditions can be realized in extended areas, thanks to the inter-
action between improved irrigation, improved varieties, increased application
of mineral fertilizer, the use of pesticides in combination with proper nursery
techniques, planting, and weeding. Particularly far-reaching is the impact on
rice production. In fully irrigated areas with traditional farming it was com-
mon for average yields to hover around 2-3 tons per hectare in the wet season
and 2-5-3'5 tons in the dry season, with some particularly careful farmers
reaching yields of about 4-5 tons. The new rice varieties seem to have a yield
potential under field conditicns of € tons in the wet season and 8 tons in the
dry season (Ruttan 1566, p. 32).

The general principle is illustrated by Fig. 7.10, which shows the interaction
between the application of nitrogen and use of rice varieties of the short, erect
type. These varicties show several advantages compared with improved
indigenous tail varieties:

(1) They have superior yield-increasing characteristics like a high number
of effective tillers per crown, a large number of grains per panicle, heavy
grains giving a high 1000-grain weight, and a large number of fertile grains
per panicle.

(2) They are early maturing, thus making it possible to expand multiple
cropping.

(3) They are not sensitive to the length of the day, i.e. they can be grown
in any season.

These advantages are clearly more important than the disadvantages, which
are higher susceptibility to various plant diseases, less straw, and slightly
different cooking qualities.

Innovations in irrigation and plant development thus offer much scope for
economies of scale by increasing the output on a given area.

7.6.2. Irrigation farming and mechanization

Most tropical irrigation farming relies mainly on hand labour and animal
power. Mechanization has been introduced to a significant degree oniy in
large schemes with controlled production. There is, however, some evidence
from the subtropics that irrigation farming, mechanization, and employment
are largely complementary to each other. Furrow irrigation and the use of
machinery combine well, because levelling of the land for the furrows usually
leads to even fields of sufficient i< for tractor ploughing and ridging. A
principal disadvantage of basin irrigation is that the small dams which keep
the water in numerous small basins interfere with the movement of animal-
drawn or tractcr-drawn equipment. in Japan, however, established and
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economically promising prototypcs for mechanization of small farms with
basin irrigation have been developed. In rain-fed farming, farm machinery
often replaces farm labour. In irrigation this is frequently not the case,
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Fia. 7.10. Responses of ifferent varicties of rice to nitrogen fertilization (from Bradfield
1968).

because tractor ploughing eases the pcaks in demand for traction power, and
this may make increased multiple cropping possible. The tractor may also
be used for pumping, and thus may increase the irrigated area and the
reliability of water supplies.
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The scope for multiple cropping in systems with adequate irrigation de-
pends largely on operations being carried out rapidly at the right time. The
bottlenecks often arise in periods of only a few days, when there is insufticient
labour available to carry out tasks whose timing is particularly critical.
Intensive irrigation farming, even in smaliholdings with amnple labour, can
therefore be stimulated by improved implements, in particular single-axle
tractors. Where the ratic between input and return justifies the use of tractors,
they are introdurzd into irrigaiion systems relatively quickly, and bring about
particularly conspicuous production increases.

1.6.3. Introduction of intexsive types of animal husbandry

As the tractor replaces the draught animal, the tendency in irrigation
holdings is increasingly to introduce intensive types of animal husbandry,
dairying in particular. In any case, harvest residues and grass growth on the
edges of tracks and canals usually provide fodder that cannot be used in any
other way. There are the additional possibilitics of multiple cropping with
fodder crops, and the introduction of fodder plants intc the rotation. ¥ith
various grasses like elephant grass, Setaria splendida, and Guatemala grass,
yields of 50-100 tons fresh weight per hectare and per year can be attained
with irvigation. It will perhaps be easier to cover the rapidly growing need for
animal protein in iropical countries by intensification of animal activities in
irrigation farming (fish, poultry. pigs, and milk) rather than by improved
grazing in hill country or dry areas (ranching). The production of milk and
beef on intensively irrigated grassland, with high returns per hectare, might
perhaps be a morc economic and realistic approach to the development of a
tropical cattle industry than any preoccupation with large grazing areas of
low productivity.
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8.1. Definition and gonesis
8.1.1. Definition

A FORM of land use in the humid savannas and the rainforest areas, and as
typical as shifting cultivation and irrigation farming, is the cultivation of
perennial crops, primarily tree and shrub crops with growth cycles of several
decades. Crops like sugar-cane, pineapple, and sisal, which cccupy the land
for several years but not for as long as shrubs or trees, are akin to arable crops
from u farm-management point of view, and are best regarded as perennial
field crops. Bananas are also included in this category, although the farm-
management characteristics of bananas are distinctive.

Palms, trees, bushes, bananas, and various perennial field crops are grown
in gardens and fields under almost all tropical farming systems. This chapter,
however, is concerned with those farming systems in which perennial crops
are the main activity, in terms of their contribution to the gross return.
Perennial crops are growa in estates and smaltholdings. The terms ‘estate’
and ‘plantation’ usually designate large units. To avoid confusion, any land
that is planted witk perennial crops will be called a plantation and the cor-
responding holding an estate, provided it is large in arca and operated by a
large number of paid workers.

8.1.2. Genesis

Plantations of peranaial crops, in particular of tree and shrub crops, may
come into existeuce in various ways. Large cstates prefer to clear and plant,
and where land is ample estates tend to shift their plantations either within
the estate’s boundary or by acquiring virgin land, i.. to clear new land and
to abandon run-down sites. Until recently, shifting of this kind was practised
with coffee in southern Brazil, and it is at present spreading into Paraguay.
Intra-farm shifting was customary for Central American banana estates and
East African sisal estates that had sufficient land in reserve. But as land
becomes scarce, plantations tend to become stationary within the estate
boundary.

The genesis of srallbolder plantations does not usually follow the sequences
clear and plant. Two main types of development in smaliholder plantations
are distinguishable. The development sequence:

189
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(1) exploitation of fruit trees or palms that grow naturally in forests or
exploitation of infillings (irregularly planted seedlings) in the forest;

(2) exploitation of systematically established plantations under the cover
of some remaining forest trees; and

(3) exploitation of systematically established plantations with no forest
trees left;

is characteristic of the way coffee cropping has developed in Ethiopia, West
Africa, and Madagascar, and oil-palms and cacao in many areas of West
Africa have evolved in a similar manner. Plantations are developed directly
from forest vegetation mainly where there are extensive forest areas. However,
more frequently the evolution of smallholder plantations has followed a
different sequence, stemming from shifting and semi-permanent arable
farming. It usually includes four phases:

(1) The planting of perennial crops around the house slows down the
rotation cycle of shifting cultivators.

(2) The area devoted to perennial crops is extended. Cleared plots with
arable crops are interplanted with perennial plante.

(3) In time, the perennial crops predominate in the mixed-cropping system,
and young stands of tree crops are usually interplanted with arable crops.
(4) As the perennial crop creates more and more shade, intercropping
becomes less important.

When this occurs, the cycle arable cultivation—fallow is replaced by the
sequence arable cropping-perennial crops, and at the same time shifting
systems become stationary. Perennial-crop cultivation does not, however,
always lead to stationary farming. The abandonment of old plantations and
the establishment of new ones, i.e. the slow shifting of tree-crop production,
can also be found. The slow movement of cocoa holdings in forest areas of
Ghana is 2 case in point. Generally, however, the introduction into small-
holdings of commercial production with perennial crops is associated with
stationary farming. Groeneveld (1968, p. 222) and Meillassoux (1964) illus-
trate how cultivation of shrub or tree crops is integrated into an arable
system.

Figure 8.1 shows the establishment of smaltholder coconut-palm plantations.
Manioc, maize, peas, or beans, and also coconut-palm seedlings are pianted or sown
on one plot simultaneously. The annual crops, maize, beans, and peas are harvested
after three to five months. Their harvest also provides the final weeding for the
manioc. The manioc harvest commences 13-15 months after planting and continues
on the same plot up to the twenty-fourth month. The planting of manioc, peas, and
beans is repeated on two to three consecutive occasions. Meanwhile, the young
coconut-palms are growing. By weeding the arable crops and thereby preventing the
bush from regenerating, the farmer also protects the palms. After four tosix years,
arable cultivation comes to an end. The plot is left to the coconut-palms, which at
this time yield their first nuts. A fallow ensues after threc to four manioc cycles and



SYSTEMS WITH PERENNIAL CROPS 191

can extend over several decades. In the meantime (eight to ten years after the first
planting), the coconut-palms have grown so large that the regenerating bush can no
longer endanger their development. The establishment of smalltholder coconut
plantations is thus a by-product of arable subsistence {farming. The stands of coco-
nut-palms are set up without expenditure for clearance and care, ~ince the planting
proceeds almost without cost and etfort as a consequence of the manioc cultivation.
On the other hand, palm development is slower, owing to interculture. It should be
noted, however, that the area of coconut-palms is dependent upon the extent of
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FiG. 8.1. Interculture of coconut-palms and various arable crops, Tanga, Tanzania (from
Groeneveld 1968, p. 223).

manioc cultivation, since young palms are planted only where manioc is cultivated
on freshly clcared bushland with soils suitable for coconut-paims. Planting of
additional coconut-palms would give rise to high expenditure for clearing and
tending the palms solely for their own sake.

Figure 8.2 provides an examiple of this type of cropping from the Ivory Coast.
Whereas in the manioc-coconut system the permanent crop is planted right at the
beginning of the cropping cycle, the smallholders of the Ivory Coast plant their
coffee later. After clearing the land, yams and manioc are grown, interplanted with
short-term crops like groundnuts and beans. About a year after cleariance, coffee is
interplanted, and occupies the plot for fifteen to thirty years, together with spon-
taneous bush.

8.2. Typeas of farming with perennial crops and their
gsographical distribution

The various ways in which plantations are established give rise to different
types of farming with perennial crops, which can be conveniently classified
according to their cropping and exploitation systems.
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8.2.1. Cropping systems

On the bsis of the length of the vegetation cycle and the amount of culti-
vation involved, the following cropping systems can be distinguished:

(@) Perennial field crops. Here, we include sugar-cane, pineapple, sisal.
bananas, and other similar types, which do not have the characteristics of
shrubs or trees. With the notable exception of bananas, they mostly require
a considerable degree of cultivation, and can thus be considered from the
farm-management angle as something between arable farming and tree crops.
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Fia. 8.2. Interplanting of coffee into arable piots of shifting cultivators with stationary
housing, Ivory Coast (from Meillassoux 1954).

Where these crops are grown for export, cultivation and the transportation
of the harvested produce are often largely mechanized. Crops of this kind
are therefore grown principally on large estates. The regions where they can
be grown sre determined not so much by climate and soil conditions as by
the availability of markets, transport, labour, ard technical knowledge.

(b) Shrub crops. Coffee and tea are typical shrub crops. The vegetation
cycle lasts Jonger than that of pere-ual field crops mentioned above.
Shrub crops usualiy differ from tree crops in the high input of manual labour
required for weeding and pruning. They usually yicld an end product that
requires early processing and can thus be transported subsequently at rela-
tively low costs. Tea-cropping and coffec-cropping areas are therefore deter-
minzd principaily by soil and climatic conditions.

(¢) Tree crops. Finally, tree crops like cocoa, rubber, coconut-palms, and
oil-palms constitute another group. The difference between them and other
perennial crops is their particularly long vegetation cycles, and the lower
labour input required for their maintenance and weeding. Work in a tree
planiation is usually less strenuous than with shrub crops, and takes place
largely in the shade.
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8.2.2. Exploitation systems

Whereas arable farming in the tropics has been from time immemorial a
domain of the smallholder, until the twentieth century cultivation of perennial
crops for cash was carried out mainly in large estates. However, this distinc-
tion no longer applies. Plautations vary in size from very large estates of over
several thousand hectares down to only a few shrubs and trees. Almost all
types of perennial crop are grown in large estates as well as in smallholdings,
although some are better suited to large-scale production than others, and
are mainly to be found in estates. The distinction between cropping systems
is, therefore, in many respects a distinction between large-scale and small-
scale production.

(a) Estates. Although virtually all perennial crops are grown by small-
holders, whose production tends to increase steadily, there is still important
large-scale production, of which the following are the most important
examples: '

(1) sugar-cane estates in almost all tropical regions;

(2) banana estates in Latin America and West Africa;

(3) sisal estates in East Africa, Indonesia, and Madagascar;

(4) tea estates in India, Ceylon, and East Africa;

(5) rubber estates in Liberia, Malaysia, Ceylon, and Indonesia;

(6) oil-palm estates in West Africa, Malaysia, and Indonesia;

(7) coffee estates in El Salvador, Brazil, Kenya, Angola, etc.;

(8) coconut estates in Malaysia, Ceylon, Indonesia, India, and the
Philippines.

In estate production, a distinction can be made between individual planters
and firms, the former operating usually fairly small estates. In the normal
way, the owner of the small planiation is also the estate manager, and he owns
only one estate. This form of undertaking in the tropics is typified on the one
hand by the shortage of working capital, exposure to risks, and often obsolete
technology, and on the other by adaptability and low overheads. Firms,
howaver, usually each own several estates. The tendency to cultivate very
large areas spring {rom the necessity to use industrial processing and transport
to their utmost capacity, in order to recoup the high costs of overheads
through economies of scale. The motive underlying this kind of large-scale
preduction is frequently to obtain a regular supply of goods of constant
quality, whether for delivery to a factory (tea and sisal), or for delivery to an
established market (export bananas). Almost always, production of this
kind is associated with well-developed, reliable marketing outlets. The
producing firms often regard their farming activities as a necessary evil,
undertaken only because other farmers arc not in a position to provide the
raw materials in the desired way. On estates, emphasis is often laid more on
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industrial processing and the organizition of transport than on producing
the raw material.

Large-scale cultivation of perennial crops is found usually in the form of
pure stands, and there is an obvious trend towards monoculture. This is for
a number of reasons:

(1) The producer is interested only in obtaining large quantities of a single
raw material.

(2) Where monoculture is carried out, unskilled labour can be more easily
supervised and brought to a relatively high degrce of productivity.

(3) A relatively large part of the cost consists of paying the wages that
managers can command, and diversified production is not worth while in
many cases because additional skilled personnel would be required.

(4) The production conditions favour monoculture. With 2 number of
perennial crops, labour is required so regularly that it is not necessary 10
diversify preduction in order to find productive employment all the year
round for the labour ferce. Monoculture does not inevitably lead to soil
erosion. Indeed, with several perennial crops monoculture can even be
termed soil-conserving compared with arable farming.

(5) Whereas smallholders usually have to operaie where they are settled,
and adapt to the natural habitat, and are thus compelled to diversify
production, the firm can select the most favourable economic and natural
location, which is chiefly on land suitable for monoculture.

In addition to estates with monoculture of perennial crops, diversified
large-scale estates occur that are engaged in other activities to supplement
the main crop. The following forms can be distinguished:

(1) The predorainnnt tree wiop may be supplemented by one or several
other perennial crops, which can be integrated either by mixed cropping—
for inctance bananas under coconut-palms—or by part of the land carrying
another perennial crop.

(2) The perennial crop may oe supplemented by arable farming. Managers
of estates choose only rarely to grow arable crops between the rows of tree
or shrub creps. Instead, they prefer to use separate plots, as for example
in the coffce holdings in Brazil, which grow maize, rice, cotton, ground-
nuts, and onions (see §8.5.1. (a)).

(3) Perennial crops may be supplemented by stock-keeping, particularly
cattle, for example, dairying in the coffee estates of Brazil, beef production
in some sisal estates of East Africa, and dairying among the coconut-palms
in Ceylon and East Africa.

The motives behind diversification in estates are different in kind from
those in smallholdings. Subsistence needs do not play a great part, since in
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general the workers are allocated some land to cover their food requirements.
Hardly any draught animais are kept, which means that there is no need to
crop fodder. Similariy, the idea behind divessification is rarely to employ the
available labour force more regularly and to its capacity, since many of the
cstates have scasonal labour &t their disposal in the surrounding countryside.
Reduction of risk by a more varied production is of more importance, but
th=re are two factors that are usually vital to diversification : the need to make
better use of soils with different fertility, and the wish to exploit favourable
marketing prospects. These two motives are manifested particularly clearly
where there is a shortage of land, and where urban markets have been devel-
oped with a demand for a diversified supply of farm produce.

(b) Smallholdings. A large and growing proportion of perennial-crop culti-
vation is in the hands of smallholders. Of particular importance for the
world’s economy are the semi-commercialized holdings, for example:

(1) the cocoa holdings in Ghana, Nigeria, and Trinidad;

(2) the rubber holdings in Malaysia, Nigeria, and Ceylon;

(3) the coffee holdings in Colombia, the Ivory Coast, Kenya, and Mada-
gascar;

(4) the oil-palm holdings in West Africa;

(5) the coconui-palm holdings in the Philippines, Ceyion, Venezuela, and
Samoa;

(6) cashew holdings in India, Tanzania, and Mrzambique;

(7) vanilla holdings in Macagascar;

(8) sisal holdings, in north-east Brazil; and

(9) banana holdings in Central America, South America, and Asia.

The primary cash crop is usually supplemented by yams, manioc, rice, maize,
beans, etc., for household use. A strikingly large proportion of the cash pro-
duction is in the hands of a numerically small but economically important
group of smallholders, who employ seasonal labour, and who might be
termed small entrepreneurs.

The development of these heldings from pure subsistence :arming brings
about a situation where the houschold’s food requirements compete with the
desire to earn money with cash crops. The competition for land takes two
main forms:

(I) tn some cases, perennial crops are grown on separate plots as supple-
mentary activities. The husbandry techniques are usually similar to those
on large estates, and operations are often carried out by seasonal, paid
labour, However, as cash cropping increases, there is less land available for
meeting food requirements. At the same time, arable farming is under-
going a change, which as a rule is a process of degradation, because the
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fallow is shortened and fertility declines. Farmers are obliged to abandon
millet and maize, for example, and to transfer mor¢ and more to manioc.
Manioc is eaten with less relish, but it does supply a larger number of
calories per hectare and per hour of work. Not infrequently the stage is
reached where ‘dualistic’ peasant holdings evolve, i.e. within a small-scale
holding the interrelation between the two branches of production is as
weak as that between the large estate and the traditionai subsistence
holdings in a dualistic society. Arable farming is carried on by the family
in the traditional way, although with reduced fallows and declining yields.
The plantations of the same holding are regarded as 2 special undertaking,
and new husbandry and economic standards apply (Blanckenburg 1964).

(2) In other cases, cash crops and subsistence crops sre grown ‘n mixed
stands. The degree of competition is reflected by the composition of the
mixed stand. Thus, when coffee and plantains are grown in mixed stands,
the proportion of the subsistence crop (plantains) tends to be greater the
more people per hectare there are 0 be fed, and vice versa. Compared
with the dualistic smaliholdings, mixed cropping has the advantage that
the progressive degradation of the arable branch is avoided. On the other
hand, mixed cropping proves to be an obstacle to such technical advances
as use of mineral feriilizer and plant protection.

Besides the semi-commercialized holdings that have developed from sub-
sistence farming, smallholdings are found that have come into being in
consequence of large-scaie undertakings or in relation to non-farm work.
This applies primarily to the great number of part-time farmers who fre-
quently cultivate perennial crops. People work for a few years in towns,
large-scale holdings, and mines as seasona! workers, or on 2 regular wage-
earning basis. Their own holding provides a base and & measure of support,
and a home in old age, because, through the investment of savings in shrub
or tree crops, the holding can offer a relatively high degree of security.

Moreover, smallholder plantation farming has sometimes been evolved on
fand where it is no longer profitable to operate on 2 large scale. The small-
holdings command the labour of their families, for whom there is usually ne
alternative but to work their own land. It pays them to buy land from run-
down estates and to establish small plantations. In some areas, like southern
Brazil, this procedure has led to the spread of smallholder coffee farming on
land that has been purchnsed from run-down coffec estates, in which the
new producers take advantage of the marketing channels created by large-
scale production. Their organization of Jand use is very similar to that in
estates.

Finally, a trend of increasing importance is the establishment of plantations
by middle-class cutrepreneurs who aim at a reliable return on capital and a
secure farm as a base for their old age.
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8.2. General charactsristics of farming systems with
perennial crops

Although perennial crops are a heterogeneous group, grown under various
circumstances by various types of farmer, some common characteristics
exist, which are mainly reievant to shrub and trec crops and which to a
lesser degree apply also to several persnnial field crops (see Table 8.1). As a

TaBLE 8.1

Some features of the principai perennial crops

Years © Years to Yearsof  Harvested Urgency for

Crop first crop maturity  production  portion  processing

Perennial field crops

Sugar-cane 1-1-5 1-1-5 46 Stem High
Bananas (export) 1-2 3 5-50 Fruit High
Pineapples 1-5 2 3-5 Fruit Fair
Sisal 5 8 Leaf Fair
Shrub crops
Cofiee 3 5-6 12-50 Fruit High -
Tea 3 6 50 Leaf High
Tree crops
Cil-palm 34 7-9 35 Fruit High
Rubber 4-7 3-1! 35 Sap Fair
Cocoa 8-1t 15-20 80-100  Secd Low
Coconuls 4-6 8-15 60 Fruit Low
Cloves 8-9 20 100 Flower buds  Fair

Source: MacArthur (1969).

first step, the farm-management characteristics of perennial cropping can be
compared with those of arable farming, and then some general principles,
applied by farmers to fit perennial crops into their farming systems, can be
outlined. The various aspects of the maintenance of soil fertility, of animal
husbandry, and of the labour economy are discussed within the case studies.

8.3.1. A comparison with arable farming

Cultivation of perennial crops involves a number of farm-management
characteristics that in many ways can be regarded as advantages compared
with those of arable farming:

(1) Perennial crops give rise to stationary living and to investment in
permanent improveraents like houses, tracks, irrigation systems, etc.
Where perennial crops are grown, the individual ownership of land tends
to become established.

(2) Most perennial crops are characterized by a comparatively high
productivity per hectare. This encourages the use of fertilizer and thus the
conservation of soil fertility. On account of their high productivity per
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hectare, some perennial crops actually economize on land use. Thus in
Bukoba, Tanzania, 0-3 heciares of bananas mixed with beans are sufficient
to cover the basic focd requirements of one family, whereas in arable
farming the annual cultivation of about 1-2 hectares is necessary to meet
the same need.

Most perennial crops produce by-products that are valuable to the
household, can be fed to livestock, or can be sold in local markets: fuel
for the kitchen. timber for construction purposes, branches for covering
roofs, tops and by-products for fodder, etc.

(3) There is a good chance of conserving fertility when perennial crops are
grown. The frequency and intensity of cultivation is disproportionately
less than in arable farming. Perennial crops shade the soil and permit or
requirc a permanent cover of grass or leguminous vegetation. Some tree
and shrub crops influence the soil in the same way as the forest, and more-
over permanent planting encourages the construction of terraces, the
control of water courses, and other permanent land iraprovements. No
matter how great the destruction of fertility is in cultivation of some
perennial crops, like coffee in southern Brazil or tea in Ceylon, the fact
remains that the damage is usually less than in arable farming under
similar conditions.

(4) Various perennial crops allow the farm-management advantages of
monoculture without a reduction in soil fertility. Properly husbanded, pure
stands of rubber, oil-palms, or tea may well be considered as soil-conserving
types of land use.

(5) For some perennial crops, land can be used that is either out of the
questions for arable farming, or would be usable only if high costs could
be borne. Examples are steep slopes (bananas, tea, rubber); rocky terrain
(tea, rubber); land with unreliable rainfall (sisal); and land where there is
a high salt content in the water (date-palms).

(6) Important perennial crops like coffec, tea, cocoa, and sisal require
a great deal of manual labour, but repay it with a relatively high income.
They are therefore suited to the production conditions of developing
countries, which are characterized by the availability of plenty of cheap
labour.

(7) The labour required for many perennial crops can be spread fairly
evenly over the year. This facilitates the expansion of monoculture. More-
over, most operations required by perennial crops tend to be dispropor-
tionately easier and more agreeable than in arable farming, particularly hoe
farming.

(8) The fluctuations in the yield of crops like sisal, rubber, and coconut-
palms are small—at least smaller than in arable farming under similar
conditions. Thus, the sisal hedges in north-east Brazil and in the small-
holdings o1 Lake Victoria are cut chiefly when arable crops suffer harvest
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failure; in other words they can counterbalance such risks. Similarly,
fodder bushes and trees are a source of fodder when required. The greater
certainty of yields from perennial crops is important in small-scale tropical
holdings, chiefly because the yields from arable rain-fed farming are often
unreliable.

(9) The products are chiefly goods that can be transported and stored,
and have a high value per unit of weight, or they acqure these qualities
through industrial processing. Perennial export crops make it possible to
develop areas for conimercial production where only subsistence farming
could otherwise be practised.

(10) Perennial crops nresent considerable scope for intensification accord-
ing to variety, raising and planting method, density, fertilization, pruning,
harvest, and processing. With some crops, irrigation is sensible and in-
creases the yield appreciably. With perennial crops the economic scope for
increased production is greatly enhanced by various technical innovations.
(11) In the case of most perennial crops, cultivation can begin with only
a few plants. The enterprising individual can progress without having to
overcome any particular technological threshold, nor is he dependent on
the cooperation of neighbours to the same extent as in irrigation farming,
for instance.

(12) Wealth in the form of plantations, and therefore sccurity in old age,
can be accurnulated by planting shrubs and trees. This is particularly
important where therc is no private ownership of arable land, and where
investment in cattle as security is not possible.

(13) Perennial crops give rise io social differentiation—perhaps more than
atiy other cash crop. A family’s inconie is based on the number of trees
and shrubs it has and their yield. This forms an outlet for the common
human desire to excel, and at the same time provides an acditional incentive
towards economic activity.

On the credit side we find that perennial crops have many agro-economic
advantages, which naturally do not obtain in every case, but which character-
ize the group as a whole. But on the debit side there are certain important
farm-management requirements that have to be met:

(1) Creation of plantations usually requires a high initial investment per
hectare. Yields do not reach their capacity until some years after planting
(see Table 8.2). To cultivate perennial crops it is necessary to finance the
establishment of the plantation; maintain plants during the years when
there are no yields; and bear the burden of accruing interest or—which is
more imporfant in smallholdings—forgo for some years the return in food
or cash that the plot would have yielded under arable farming,.

On the other hand, a plantation is a form of investment, which a family
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can build up by supplementing small amounts of cash with much unpaid
family labour.

(2) For many of these crops, it is very important that processing should
take place within a relatively short period after harvesting. In the absence
of early treatment, which is designed to effect some change in the composi-
tion of the produce, chemical or biological deterioration would set in and

TABLE 8.2

The economics of plantation development in the West African forest zone
(per hectare, Jields only, without nurseries and overheads)

Age of plantation 02 | ) 3 4 5 6 7 8 9-25
Oil-palm (Jvory Coast, 1968)
Labour (hours)® 816 328 126 280 272 352 432 432 432 43
Wages ($) 106 42 18 36 35 45 55 35 55 55
Material inputs (S) 3540 30 — 212 r” 1 R n 1
Total input (§) 450 72 18 48 47 57 67 67 67 67
Yield

(tons bunch-weight) — — — —_ 1 70 90 125 150 160
Gross return® —_ —_ — —_ 16 112 144 200 240 256
Net return (§) —460 —72 —18 —43 —31 455 +77 +133 +173 +189
Cocoa (Nigeria, 1961)
Labour (hours) 1604 520 520 408 497 432 480 552 552 552
Wages (§) 161 54 54 54 41 50 43 48 55 55
Material inputs ($)f 97 42 60 57 58 88 88 98 98 98
Total input (§) 158 9 114 111 99 138 131 146 153 153
Yield (kg) —_ - — —_ 130 250 >80 500 880 1160
Gross return (§) - - — 45 87 133 175 304 385
Net return (§) —I58 =96 —114 —111 —54 =51 42 +29 +15] +232
Rubber (Nigeria, 1961)
Labour (hours)* 1178 513 449 368 328 1200 1200 1200 1200 1200
Wages (3) 185 51 45 37 33 33 120 120 120 120
Material inputs® N1 52 21 31 70 17 57 17 57 37
Total input (3) 286 103 66 68 103 50 177 137 1717 157
Yield (kg)! - - = - — — 400 650 900 1100
Gross return (§)? — — _ — — — 132215 297 339
Net return ($) ~286 —103 —66 —68 —103 ~50 —45 +78 +120 +182

* Year of clearing.

® Year of planting.

¢ The labour input is low because of mechanical clearing. From year 6 onwards, one-third
of labour is required for plantation upkeep and two-thirds for harvesting.

¢ Costs of mechanical clearing mainly,

* Price of $16 per ton of bunches, delivered to the factory.

' Mainly plant material, fertilizer, and pesticides.

¢ About five-sinths of the labour from year 5 onwards is tapping,

" From the 6th year onwards fertilizer is applied every second year,

! Yields according to Ceylon Rubber Research Institute.

! Price of $0.33 per kg of dry rubber sheet RSS Grade I.

Sources: Oil-pzlm, S.0.D.E.?.A.LM. (1965); cocoa and rubber, Food and Agricultyre
Organization. (1961),
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cither reduce the quantity of valuable constituents extractable from the
harvested material—oil-palm and sugar-cane especiaily—or else spoil the
quality of the final product, as with bananas, coffee, and tea (see Table 8.1).
(3) Where perennial crops are the raw material for a local industry, in
addition to the initial costs of the plantations it is necessary to invest in a
local processing plant; to invest in transport for bringing the product to
the factory; and to arrange delivery very casefully, so that the provessing
plant can work to capacity.

(4) Consequently, holdings with pesennial cxport crops, like irrigation
holdings, operate with high fixed costs, but, unlike arable irrigation
holdings, they are committed to one type of production for a long time,
(5) Plantation husbandry demands diffcrent kinds of work and skills from
those of arable farming. Cultivation is of less importance, and with several
crops not even necessary. Weeding is labour demanding only in the early
phases of plantation development. Instead, much work is required for
raising plants in nurseries, planting, pruning in the case of shrubs, spraying,
mulching, harvesting, and so on. The labour input is particularly high
when crops are being established and with mature crops. The intervening
period usually requires little attention. In comparisons of arable production
with shrub-crop and tree-crop production, it is also imporiant to realize
that the influence of husbandry measures may extend over years and
decades. Poor plant development, unskilled pruning, and delay in pest
control may damage the crops for years to come, while in arable cropping,
last year's failure may be avoided next year (MacArthur 1969).

(6) Another disadvantage of perennial crops is that the work is difficult
to mechanize. Where cultivation, weed coatrol, and transport in bulk
strain the labour economy, as in sugar-cane and sisal estates, mechanization
is more likely to follow. With tree and shrub crops, where the main emphasis
is on tending of the crops and harvesting, operations cannot ve mechanized
at all, or only with rather poor rates of substitution.

In assessing the various advantages and requirements of perennial crops,
it is clear that, provided market outlets are availatle, they are relatively well
suited to tropical agriculture, and several of the shrub and tree crops are
particularly su’ted to srallholder production.

8.3.2. Some farm-managerent characteristics of perennial crops

(a) The spatial and vertical organization of cropping. Large cstates are
usually uniformly organized, but in smallholdings, planting patterns near
the house or village are mostly different from those some distance away, so
that more or less pronounced spatial patterns are found in the arrangement
of the varicus perennial crops. In this respect they are not basically different
from arable crops, where spatial arrangements of cropping in smaltholder
farming are conmon.
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A specific feature of shrub and tree crops is their vertical arrangement,
since plants differ in height and in light requirements. In estates we occasion-
ally find a ‘two-storey physiognomy’, i.e. two perennial crops—for instance
rubber and cocoa—are interplanted. In smailholdings we find multi-storey
physiognomies, including not only perennial crops but also various annual
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Fia. 8.3. Various types of land use on Polynesian islands. (a) High island, Rarotonga:
(1) ocean; (2) coral calcimorphic soils, growing coconuts, sweet potatoes, tomatoes;
(3) hydromorphic soils, taro gardens; (4) colluvium clay loam, citrus fruits and gardens;
(5) lateritic soils, scrub and secondary forest. (b) High island, Atiu: (1) ocean; (2) uplifted
coral plateau with clay loam in pockets, :: few gardens and coconuts; (3) hydromorphic
soils, taro gardens; (4) colluvium clay loam, gardens; (5) lateritic soils, ferns and Casuarina.
(c) Atoll, Tarawa: (1) ocean; (2) coral calcimorphic soils, coconut and Pandanus; (3)
Cyrtosperma pits; (4) coral calcimorphic soils, coconuts, and Pandanus; (5) lagoon. From
Barrau (1961, p. 26).

crops. A typical case in point is the land use on some Polynesian islands, as
depicted by Barrau (1961). In Fig. 8.3 (a), (b), and (c) show distinct spatial
arrangements in land use combined with several two-storey and three-storey
physiognomies.
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(b) Monoculture, interculture, and combination with grazing. The spatial
and vertical organization of cropping leads naturally to various crop combi-
nations within 2 holding and within a field. Large estates usually prefar to
cultivate pure stands, in order to make optimum use of the husbandry tech-
niques specificalty required by one plant. Where production is concerned with
only one crop, pure stands result in monoculture, of which two types have
to be distinguished. From the standpoint of farm management, we have
monocuiture where only one crop is grown in the holding. This is usually the
case in oil-palm or banana estates. From the standpoint of agronomy, we
have monoculture where one field is planted with the same crop for each
succeeding vegetation cycle, which is usually the cas: with sugar-cane or sisal.
Both types of monoculture are identical in some but certainly not in all cases.

While estates tend to prefer pure stands and monoculture, smaltholdings
usually prefer intercropping, because it helps them to obtain higher short-
term returns, higher returns per hectare (lower returns per unit of labour
being accepted), and the benefits of a more diversificd production.

However, some types of intercropping are also prevalent in estates. The
following types of intercropping with perennial crops are important:

(1) Perepnial crops and cover crops. In large estates, the planting of legu.
minous creepers (e.g. Centrosema pubescens, Pueraria javarica) as cover
crops is a usual practice in protecting the soi! in the early stages of plant
development (oil-paln, cacao, rubber) or to help in weed control (sisall.
(2) Tree crops and shade plants. Some tree crops need shade in their early
stages. The shade plants frequently produce a yield of their own, for in-
stance bananas shading coffee.

(3) Perennial crops of various sizes. A widespread practice, in estates as
well as in smallholdings, is the combination of various perennial crops of
differing heights (sce §8.4.3 (b)). This multi-storcy physiognomy is closer
to the natural climax vegetation than are pure stands. In some cases, inter-
culture of this kind is limited to the carly stages of plantation development.
(4) Perennial crops and apnual cropping. In large estates, perennial and
annual crops are not usually combined, whereas in smallheldings their
combination predominates. With some crops, like rubber, oil-palms, and
coffee, interculture is limited to the early stages of plant development, and
arable crops are grown only until the main crop branches out and forms
too dense a shade for annual crops. With other crops, like cocor:ut-paims,
arable farming continues to be practised under mature stands.

(5) Pereunial crops and grazing. In addition we find various combinations
of perennial crops with grazing. In some cases (sisal, oil-palms), grazing is
limited to the early stages of plant development, when ainple grass grows
between the rows. In other cases (as frequently with cocunut-palms) cattle
may graze under mature stands.



204 SYSTEMS WITH PERENNIAL CROPS

The importance of inierculture varies with the type of crop, the farm size,
and price relations. Intercuiture is generally of importance in smallholdings
where the farmer, by practising arable farming in the early stages of shrub-
crop or tree-crop development, may significantly reduce the costs of planta-
tion establishment. This may be more¢ important economically than the
reduction in future returns which is likely to result from poorer development
of the dominant crop.

(c) Vegetation und production cycles. Another variable peculiar to perennial
crops is the length of the production cycle and the distribution of input
requirements and returns over several years. MacArthur (1969) summarizes
this as follows:

During the early stages there is a slow but accelerating build-up towards maturity,
when maximum yields are obtainable. A high level of production is thercafier
obtained for several years, but. .. age ... begins to affect the levels of produc-
tion, and yields fall off. With tree crops a fairly distinct type of production pattern
can be discerned, but with crops whose natural form is that of a bush or shrub,
prcductivity can be renewed through pruning back almost all of the growth above
the ground and permiiting new main stems to grow up from: the capitated main
stem.

This generalized scheme is subject to many exceptions. Sisal follows a peculiar
pattern wherein leaves grow and can be harvested for a given period until the
plant puts up a stem with a flowering head, after which no new lcaves are pro-
duced and the plant dies. Pineapple and sugar-cane grow in a series of ‘ratoons’
or successive waves of new shoots which grow up from the root stock, and the
yield level falls steadily after the first harvest,

... this ... usually implies that there is a period during the early stages of
growth (which can last for several years) when annual costs will exceed the value
of harvested produce, but eventually a stage will be reached when new costs each
year will be less than the product value. This phase may persist for a very long
time, but there will come a stage . . . when preduction wiil fall to such a low level
that its value is insufficient to cover annual production costs. At this stege, the
crop’s useful life will be over. With sisal, there is a firm limit fixed by the botanica)
behaviour of the plant, whilst with other crops like pineapples . . . and sugar-cane
the point of unprofitable diminishing output is encountered after only a few
years. Theoretically, it may be possible for naturally or artificially sclf-regenerat-
ing crops like banana, coffec and tea to remain in profitable production almost
indefinitely, but most plants of these species, if they do not ... fall victim to a
discase . . . are eventually superceded by new varieties of the crop whose yields
exceed those of established plants by so much that they merit uprooting and
replacement, despite the interruption in producticn that this means.

Consequently, in the case of shrub and tree crops we distinguish between
the following stages in plantation devclopment:

(1) The period between clearing and planting and the beginning of the
crop’s useful life (in the calculations in Table 8.2 for cocoa, rubber and
oil-palms, this period is four years).



SYSTEMS WITH PERENNIAL CROPS 205

(2) The time between planting and the year after which the annual costs
are covered by the annual yield (in the examples five to six years).

(3) The period between planting and the year after which the capacity
yield is produced (in the examples eight years).

(4) The period of capacity production, which begins when the first full
yield is produced. In the following years, 2 regular yield, sometimes rising
or falling slightly, is produced. This period comes to an end whei the
yield tends to decline more rapidly.

(5) The length of land occupation. According to the level of running costs,
the availability of land for planting, the cost of replanting, and the returns
of new plantations in relation to old ones, it is sometimes advisable to
continue using the land beyond the period of full production, i.e. in spite of
rather low yields. The period of land use thus extends from the first to the
'ast harvest.

(6) The growth cycle, i.e. the time between creation of the plantation and
clearance of it or letting it run wild.

Plantation farmers may influence the economic length of the production
cycle of their various perennial crops. Extension of the time in nurseries,
special husbandvy techniques, proper weeding, and manuring may reduce the
initial period before a crop is obtained, while interculture may delay develop-
ment. Pruning and harvesting techniques may hasten or delay returns.
Husbandry practices in general influence the economic life of perennial crops.
With sugar-cane the grower has to decide the number of ratoons. With
shrub and tree crops in general the grower has to choose between production
cycles of various lengths, and has to decide when to cease cropping and to
plant afiesh. Short production cycles are frequently, but not always, an
indication of intensive farming.

(a) Rotations. When a stand of perennial crops is created, the way in which
the plot is used is fixed for a long time. An annual change in the use of the
plot, such as we find in arable farming with crop rotations, is only possible
to the extent that interculture can be practised. In perennial cropping long-
term rotations do occur, and the following are the basic types:

(1) Perennial crops may be followed by a lengthy forest or bush failow.
Thus old cacao plantations in West Affica revert to bush vegetation, whicn
is then cleared after one or two decades. The rotation runs: fallow-rain-fed
farming-cacao-fallow or rubber (Blanckenburg 1364, p. 38). Planned re-
forestation after coffee cultivation is practised occasicnally in Latin
America (Sick 1969, p. 164).

(2) Perennial crops may be followed by grassland. Thus in southern Brazil
old coffee plantations are chopped down and the ground becomes covered
with grass and serves as rough pasture. In tropical high-rainfall areas, an
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even more negative sequence can be observed: exhausted coffee plots
gradually turn into fields of useless /mperata grass.

(3) Perennial crops may be followed by arable farming. The Kavirondo
of Nyanza, Kenya, for example, cut down their banana groves after about
ten years and sow the plots with miller (Wagner 1956, p. 29).

(4) One perennial crop may be followed by another. The change may
occur by uprooting and replanting. On some banana plantations in Central
America, for instance, cacac or oil-palms are planted after bananas. It
may also occur by under-planting the outgoing crop by a new one. Thus,
in some estates in Ceylon, old rubber is underplanted with cacao. The
rubber slowly giwes w2y w0 a pure stand of cocoa. With declining cocoa
yields the area is cleared and planted with rubber again.

(5) A perennial crop, or a mixture of perennial crops, may be renewed by
continuous planting, as in the coffee plantatior.s of El Salvador, or the
coconut plantations in Ceylon.

The sequence is determined partly by the characteristics of the particular
crop and partly by the availability of land and price relations, Where there
is plenty of land, one of several growth cycles of perennial crops are followed
by many years of forest or bush fallow. As land becomes more scarce, there
is a tendency to replace the fallow by use of the land for pasture or arable
crops, or perennial crops may follow each other. Where it is technically
possible, continuous replanting (infilling) is a sign that land is particularly
scarce.

8.4. Estates and smallholdings with perennial fiald
crons
The basic farm-management characteristics of perennial-crop production
are best depicted by reference te existing types of farming in both the estate
and the smallholder types of economy.

8.4.1. Sugar-cane holdings

Commercial sugar-cane production is carried out in three distinct exploita-
tion systems (sec Table 8.3). Firstly we have large-scale units combining cane
production and a factory for processing. Secondly we find plantations of large
and mediun size producing mainly or exclusively cane for sale to factories.
Thirdly we have smallholder production, where cane is produced in addition
to subsistence food. Large estates are often surrounded by a belt of smali-
scale producers, who sell cane to the factory and provide extra labour for
cane-cutting.

(a) Sugar-cane estates in Mauritius, The examples from Mauritius in
Table 8.4 illustrate the farm-management characteristics of sugar-cane pro-
duction. Of the 91 000 hectares of land used for agriculture on this island,
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84 000 carry sugar-cane, nnd 23 estates equipped with factories occupy one-
half of this area. The other half is cultivated by cane-selling farmers. The
major part belongs to a few large estates ord the rest is divided up into 24 000

Tapre 8.3

Yield, growing season, and land organization in major cane-producing countries

Average Estimated
can: yield average

Country {tha=)  growing Land orpanization
1955/6- season
1959/60  (months)

Hawaii 207 23 Predominantly in estates; irrigation

Peru 165 17 Mostly in large estates; irrigation

United Arab Republic 103 20 —

British Guiana 97 13 Large estates; some cooperatives

Florida (United States} 88 14 Very large estates; irrigation

Barbados 84 13 80 per cent mill-owned estates; 20 per
cent peasant farms

Taiwan 79 18 One-third mill-owned cstates; balance
is peasant production

Indonesia 78 18 75 per cent large estates; 25 per cent
peasant production

South Africa 77 18 25 per cent factory cstates; 75 per cent
small and medium-sized farms

Trinidad 72 13 50 per cent cstate production

Australia 67 13 Mostly  medium-sized  independe.:*
farms

Puerto Rico 64 14 Mosltly peasant production

Mauritius 62 13 50 per cent mill states

Jamaica 58 13 55 per cent mill estates

Fiji 58 14 Mcatly small farms; cooperative har-
vesting

Mexico 57 13 Small growers organized into large
cooperaiives

Reunion 56 14 46 per cent large estates

Louisiana (United States) 52 10 Medium-sized holdings

Cuba 42 13 As of 1961, 35 per cent cooperatives
and 65 por cent state and individual
farms

Brazil 42 13 No more than 50 per cent mill-estate
cane (by law)

Argentina 35 10 One-third estate-grown cane

India 34 13 Mostly smallholdings: larger-scale irri-

gated farms in the south

Source: Frank (1967, p. 83).

smallholdings each with an average area of about one hectare. Each estate
crops an average of 1800 hectares of sugar-cane, and of this, 200 hectares are
newly planted and 1600 hectares are yielding cane. A number of basic farm-
management features of sugar-cane estates can be observed:
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(1) A high degree of intensity. Sugar-cane estates constitute an intensive
form of tropical land use. In the example of Mauritius, the gross return
amounts to $500 per hectare, which is several times the return from annual

TABLE 8.4

Farm-management data of sugar-cane, banana, and sisal estates

Location Mauritius Ivory Coast Tanzania

Year 1959 1962 1964

Type of production Sugar-cane Banana Sisal

Method Average of total  Case study Case study

Number of holdings 23 1 3

Area planted (ha)* 1826 60 1200

ME per 100 ha planted 70 100 35

Yield (t per ha planted) 77 (cane) 30 (bunches) 1-2 (fibre)®

Estate capital ($ per ha planted) n.a. n.a. 550
Land and plants n.a. na. 459
Building and cquipment n.a. na. 55%

Economic return ($ per ha planted)

Gross return 53¢ n.a. 151

Expenses® 425 608* 151
Cultivation and replanting 8% 109 209;
Weeding, upkeep, etc. 18% 209, 7%
Harvesting, transporting 34y 19% 17%
Fertilizers, pesticides 17% 23% -
Depreciation 8% 7% 149
Salaries 7% 16% 5%
Sundries 8% 5% 23%
processing n.it — 14%

Net return ($ per ha planted) 88 n.a. —

Wages and salaries as % of total

expenses 59 n.a. 68

Productivity

Gross return (§ per ha planted) 513 n.a. 151

Gross return ($ ME~) 733 na. 431

Value added ($ per ha planted) 380 na. 103

Value added (§ ME-}) 545 n.a. 294

* Plantation crop only.

® Yield of sisal in cutting age.

¢ Investment in 1964, without factory.

@ Not including interest payments,

* Including processing and transport to harbour.
' Including factory processing.

* n.i. = not included.

Sources: Mauritius, Commission of Enquiry (1962); Ivory Coast, Champion (1963, p. 206);
Tanzania, Pdssinger (1967, pp. 16-22).

arable crops under these conditions, and this in spite of the fact that in
Mauritius a relatively extensive form of cane cropping is carried on, with
five to nine ratoons.
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(2) The preservation of soil fertility. Sugar-cane ic mostly grown in mono-
culture, and for more than a century on some plantations. Cane production
involves the removal of large amounts of plant nutrients from the field.
It may nevertheless be assumed that cane growing aids soil fertility, for
the following reasons:

(i) Dense vegetation covers the soil for most of the year.

(ii) Large quantities of organic matter are conveyed to the soil in the
form of trash, and by an extended root system, supplemented by plentiful
fertilizer (formerly manure preduced by the maay oxen required for
transport, but nowadays minera! fertilizers).

Burning, however, represents a possible danger to soil fertility. It has been
introduced into high-wage economies as harvesting has been mechanized.

(3) High labour input. Labour costs are the greatest expensc on sugar-cane
estates. In ths examples from Mauritius, 59 per cent of the total costs in
1959 consisted of wages and salaries; 70 man-equivalents per 100 hectares
were employed. In contrast with most other perennial crops, operations
with sugar-cane, including harvesting, can be fully mechanized, and they
actually are in high-wage economies like Hawaii, Queensland, and South
Africa. However, the estates in Mauritius in 1959 still relied on seasonal
labour to cope with the peak in iabour demand during cane-cutting.
(4) High capital input. The economy of sugar-cane estates is highly sensi-
tive, to transport costs, because canc is heavy, bulky, and perishable.
Large sums niust be invested in field tracks, roads, tractors, lorries, cranes,
etc.
(5) The development path. Sugar-cane cropping has shown itself able to
benefit from yield-increasing innovations to which sugar-beet is far less
responsive: improved varieties, improved disease control, sprinkler irriga-
tion, increased application of mineral fertilizer, improved cultivation
practices, etc. The subtropical cane growers are mostly ahead of the
tropical producers in applying these techniques. Thus, if the trend con-
tinues, the yields per hectare are likely to carry on rising, and proven
mechanical methods to be adopted where the wage level makes it necessary.
Sugar-cane cropping tends towards monoculture, although yields from
rotations are usually higher. The practice of incorporating a few years of
field grass between the cane-cropping cycles, which was common when the
estates depended on large numbers of oxen and therefore on a fodder and
manuring system, has become rare now that tractors and mineral fertilizers
have been introduced. Where the cropping cycles are interrupted by arable
crops, we find either green-manure crops on large estates or intensive
crops in smallholdings, like tobacco in Pucrto Rico and rice in Taiwan.
The trend towards monoculture is closely linked to the development of
larger processing plants and the transport problems that they entail. Thus,
13
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in Mauritius for example, the sugar factories in 1832 had an average proces-
sing capacity of 200 tons, in 1903 of 3000 tons, and in 1961 of 24 000 tons.
As the capacity of factories has been increased, and when the plots are
near the factory and transport is easy, other crops are even less able to
compete with sugar-cane.

(b) Sugar-cane smallholdings. Sugar-cane is definitely a crop that is most
suitable for estates, because it is bulky aud perishable, and costs limit the
distance over which it can be carried. The modern factory should therefore
stand in the centre of a relatively compact cane area, where cane is grown in
monoculture. Monoculture, however, rarely fits into the working pattern of
smallholdings. Cane cutting creates peaks in labour demand that can hardly
be tackled by the labour capacity of a smallholding. The organization of
cooperative cutting is usually a very difficult and intricate undertaking. Also,
cane production must be accompanied by thorough cultivation, which is
best carried out with heavy tractors, and cane is very susceptible to poor
husbandry and numerous diseases. It is therefore more important than with
other crops that technical advances should be available to the estate manager.
Morcover, the smallholder cannot establish & sugar piautation as cheaply
as he can a tree or shrub plantation. The superiority of large-scale producers
of caiie was so great in, for example, former Dutch Java that the smallholders
recognized the advantage of leasing land to estates.

Smallholder production of cane has proved to be competitive only:

(1) in satellite holdings near an estate—often on adjoining marginal land,
as for example in Mauritius, where this type of holding produces cane and
is also a source of seasonal labour;

(2) in an area with a good transport systein, where the smallholders are
settled as tenants and are subject to closely supervised contract farming,
including supervised cooperative harvesting, as in tle Fiji Islands in the
South Pacific; or

(3) in places where the smallholders have technical training and farm
very intensively, as in Taiwap.

Thus if estate production is not feasible or desired, sugar-cane can be grown
in medium-sized holdings (cultivated by tractor) more economically than in
smaliholdings. Such medium-sized holdings are typical of production in, for
instance, Queensland, Australia.

8.4.2. Sisal holdings

Sisal, like sugar-cane, is a typical estate crop, and for similar reasons. Most
sisal estates are part of larger firms operating several undertakings. Small
holder sisal, except in the north-east of Brazil, is economically hardly
significant.
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(a) Sisul estates in Tanzania. The growth cycle of the sisal plant ard the
processing capacity of the factory determine the organization of a sisal
estate. A decorticator has a given annual capacity to process leaf into fibre
(15002400 tons). The object of planting is to guarantee regular delivery of
the right amounts of leaf during the year, and for year after year.

The growth cycle of sisal, in a well-organized holding, lasts nine years.
The plantation must therefore have nine fields, in which to have sisal at all
stages of growth, to guarantee regular delivery (see Table 8.5). Under favour-
able conditions of production, one hectare produces 12 tons of fibre in nine

TABLE 8.5

Model of a balanced rotational sisal-planting programine

Assumed yicld  Total tonnage  Total tonnage

Area required  Age of sisal of fibre of leaves per of fibre per

(ha) (years) (that) year pe yearP
125 1 —_ —_ —
125 2 — — —_
125 3 08 4500 100
125 4 1-5 6750 . 188
125 5 20 7000 250
125 6 30 8500 375
125 7 27 7000 337
125 8 2:0 6250 250
125 9 —_ — ——

Total 1125 12:0 40 000 1500

Area of sisal (ha) 1000

Area fallow for replanting (ha) 125

Area for nurseries, roads, etc, (ha) 75

‘Total area of plantation (ha) 1200

The calculation of the holding programme is based on a yield of 12 t ha~! of fibre produced
over 6 years. The calculation refers to an unusually well-managed holding.

Source: Lock (1962, p. 317).

years, and, with this level of yield in the example, nine fields of 125 hectares
each are necessary if a decorticator with the capacity of 1500 tons is to work
to full capacity, i.e. the area of sisal must be 1125 hectares. There are also
seedbeds, etc. Thus an efficienily organized sisal holding must crop 1200
hectares, and where yields per hectare are lower the necessary size of field and
plantati  is correspondingly higher. Most sisal estates have fallow land in
reserve as well as cropped areas. The following features are typical of sisal
estates'

(1) There is a high initial investment in the factory, the water supply to
the factory, plantations, equipment, and buildings. According to the data
of Guillebaud (1958) and Pé&ssinger (1967) for the years 1958 and 1964, an
investment of $550 was required to produce a ton of fibre per year.
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(2) The transport costs are high. 40 000 tons of leaf have to be taken every
vear to the decorticator, which means a journey of 16C 000 tor kilometres
at an average of ¢ kilometres from field to factory. Consequently fields
have to be concentrated round the factory and transport routes.

(3) Declining soil fertility is a major problem in this type of farming,
Yields tend to fall seriously afier several rotations of sisal, and, because of
the price of sisal fibre, it would not at the moment pay to apply mineral
fertilizer, However, recently developed hybrid sisal could transform this
situation by changing sisal from an extensive to an intensive crop, pro-
ducing two to three times the customary yields.

(4) A main techniczl problem is the achievemnent of a high yicld of fibre
per ton of leaf. According to the quality of the leaf, but mainly according
to how the decorticator is adjusted, the retern varies between 3 per cent
and 5 per cent of leaf-weight. Estate managers usually pay most attention
to the processing of ihe leaf, and regard planting as a secondary activity.
(%) The main labour tasks on a sisal estate—replanting, weed control, and
harvesting—can be spread cvenly over the year. According to Lock, in
1959 a 1500-ton estate necded 1200 workers, or 100 workers per 100
hectares in an estate with high efficiency per hectare. Sisal cropping is more
amenable to mechanization than most other perennial crops (for controlling
weeds, loading leaf, etc.), and in 1965 in Tanzania 35 man-equivalents per
100 hectares of sisal were used, compared with 70-100 man-equivalents
ten ycars previously. Nevertheless the main operation, cutting of the leaf,
must still be done by hand.

(6) Harvest fluctuations from year to year are relatively small. However,
price fluctuations do affect this export crop, perhaps even more than almost
any other. Falling prices in recent years, due to the competition from
artificial fibre, may force sisal producers with high costs—largely those
with yields less than one ton per hectare—to change to other activities.
They may turn to cattle and a variety of crops such as cotton and maize,
sunflower and rain-fed rice, or abandon farming altogether and leave

the land lying idle.

(b) Sisal smallholdings. Sisal production in smallholdings is found on an
important scale only in the north-east of Brazil, where sisal is intercropped
with maize. Because the yields of maize are uncertain, sisal serves primarily
to counterbalance the risk of a poor harvest. The sisal is processed with small,
mobile decortication machines (raspadors), which produce unbrushed fibre.
The further processing is done in brushing and baling factories. The produce
is of poor quality, however, and the labour input is high. This applies even
more to smallholder sisal in East Africa, where hedge sisal is processed by
hand into unbrushed fibre. With falling world market prices, production is
no longer competitive and has ceased almost altogether. Efforts to introduce
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sisal as a settlement crop have been made in Kenya and Tanzania, but without
a reasonable chance of success (Pdssinger 1967).

The reasons for the poor performance of smallholder sisal are even more
obvious than with sugar-cane. Sisal production without a processing factory
yields low-quality produce at very high labour inputs. Smallholder sisal in
combination with factory processing is extremely difficult to organize because
of:

(1) the rotation cycle in cropping (see Table 8.5)—a smallhoider would
need ten separate fields;

(2) the need for heavy equipment in establishing the plantation;

(3) the peak in labour demand for cutting, because sufficient leaf for truck
transport has to be cut in a given day; and

(4) the bulky nature of the harvested produce, which is perishable and
has to be delivered in definite quantities at definite times.

8.4.3. Banana holdings

Bananas are not only one of the most important food crops in the tropics,
but also an outstanding export crop. They combine many of the advantages
of annual arable crops and perennial crops:

(1) The gross return per hectare, measured in calories or money, is asually
high. The input for clearing the land is low, establishment of the plantation
is relatively simple, and the first yield is produced twelve months after
planting. The banana does requirc a high degree of humidity, but apart
from this it is adaptable, and will even grow on soils of poor fertility and
in cooler mountain locations.

(2) The adaptability of the banana stems from the great aumber of varie-
ties, which not only are suitable for differcnt purposes (for cooking, beer;
and use as a fresh fruit), but also have varying location requirements, and
grow to different heights (the tall-stemmed banana and the dwarf banana).
Bananas also yield valuable by-products. In southern India, for instance,
green leaves are sold to urban households, where they serve as plates.
Elsewhere, dry banana leaves serve as roofing material.

(3) By providing plenty of shade, trash, and permanent cover on slopes,
the banana helps to maintain soil fertility and reduces erosion. It makes
the application of large amounts of fertilizer worth while and responds
well to fertilization with mulch, manures, and mineral fertilizers. Bananas
may occupy a plot permanently.

(4) The yield of bananas is produced relatively regularly, and where they
are for local consumption there is a supply of food all the year round. In
the special case of the Ensete banana, Ethiopia (Ensere ed-la Horan), the
starch is stored in the stem, and, as with manioc, there are starch rescrves
available in the living plant.
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(5) The labour requirement is high, varying from 0-5-3-0 man-equivalents
per hectare (0-3-1'0 man-equivalents in plantations), but there are no
pronounced labour peaks, and the ratio between labour input and the
return of calories is usually better than with most annual food crops,

(6) Finally, the banana is compatible with other crops, facilitating both
mixed cropping and its incorporation in a rotation.

On the other hand, there is the danger of damage by the wind, and the high
cost of controlling banana diseases. The Panama disease is reported to have
increased production costs in several parts of Latin America to the point
when export production is no Ionger competitive. The fact that the fruit is
perishable is another drawback, and processing and conserving are scarcely
worth-while.

Whereas sugar-canc plantations tend towards monoculture, banana
cropping usually leads to diversified farming. In large plantations it is usual
to plant tree crops like oil-palms, rubber, or cocoa immediately after a few
years of bananas. Smallholders usually combine banana production for sale
and subsistence with other activities, either in separate blocks or as mixed
cropping. It is noteworthy that there seem to be rather pronounced comple-
mentary effects between banana production in smallholdings and animal
husbandry. Cattle and pigs feed on banana leaves, stalks, and fruits, and
their manure is of high value in increasing banana production.

(a) Banara estates in Central America. Until recently, bananas for export
were grown mainly on large estates, because it is necessary to deliver large
quantities of a perishable commodity of uniform quality at the right time,
These conditions can be fulfilled more easily in large-scale than in small-
holder produc.ion. The management characteristics of a large banana estate
in Honduras are described by May and Plaza (1958).

A typical banana p}-ntation in Central America belonging to the United Fruit
Company comprises a banana-growing area of 8000 hectares, together with exten-
sive land reserves and waste land. Only the best soils are planted with bananas, and
the workers are allowed to use the remainder as they wish, or it is left as waste land.
The holding as a whole is split up into twenty-two or twenty-three sections, each
of 350 hectares. The terrain is divided up like a chess-board and drained if necessary.
The cleared vegetation is not burned. Bananas are planted in rows on the cleared
land. Usually there are two pipe systems (which are permanent), one for sprinkler
irrigation, the other for spraying pesticides. The aim is 750800 fruit-bearing stems
per hectare, with a yield per hectare of 27 tons stem-weight® or 23 tons fruit-weight.
The United Fruit Company works on an average loss of 25 per cent cf the harvest.
Harvesting takes place at all times of the year, and the bunches of bananas are
carried from the tree to padded carts or pack donkeys, after which they are taken to
collecting points where there is a rail connection. The bunches are sorted, washed,
dried, packed, and hung in special trucks to be transported. The permanent workers
in one section with 350 hectares of bananas number 150. Harvesting all the year

! Weight of banana bunches including the fruit stem,
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round permits a high degree of specialization, so that about eighty men are occupied
with hacvesting all the time, forty with plant protection, five with watering, sixteen
with loading, and five with supervision.

In recent years, large-scale units have been replaced by maialy medium-
sized estates with 10-100 hectares of bananas. In Latin Americ: and West
Africa, the people who produce and box all the bananss are increasingly
small entrepreaeurs, the company acting chiefly as merketing agent, and
providing loans and technical assistance. Table 8.4 (p. 208) presents the
farm-management data of one such holding in Ivory Coast. The high financial
outlay on feriilizers and disease control is particularly noteworthy.

(b) Bangna-coffee smallfoldings: the Wahaya of Bukoba, Tanzania,
Banana production for food and local markets is one of the main activities
of tropical smailholders, wherever rainfall and temperature are sufficient
for banana growing. A case in point is the banana-coffee culture of the
Wahaya, which is particularly jnteresting because of the inteliigent adaptation
of banana production to ihe difficuii natural conditions of the location.

The Bukoba District receives aniple and well-distributed rainfell averaging 2600
millimetres anrually. The soils, however, are badly leached and very poor. The
average holding comprises 1-4 hectarncs, of which (+80 hectares ars homesteads
carrying mainly cooking wananas, which are usually used as subsistence food, but
which afe ulso sold to markets as Jar away as Dar-es-Salaam. Bananas, which yield
more than haif of the gross reivwn, are interplanted with Ceffeu robusta cofiee,
maize, and beans, In addition to the homestead, the holding includes 0-6 hectares of
open, infertile grassland.

Fig. 8.4 shows the layout _fa Bahaya holding. The so-called homestead (1),
a banana plot with coffee and several other crops in mixed stands, is sitnated
around the hut. At the edge of the homestead there is usually a garden
growing predominantly root crops (2). At some distance from the homestead
lies the grassland (3) belonging to the farnn. Here small plots ars cultivated
on a short-term basis. The grassland serves as pasture and supplies muich to
the homestead. In addition to the grassland that belongs to the farm, everyone
can make use of communal grassland. Within the homestead both a spatial

and a vertical order in plant growth is recognizable (see Fig. 8.4 (b) and (c)):

(1) Directly around the hut and the cattle kraal, the holding focal point
where the soil has received the most manurc, a dense growth of bananas
can be found. The greater the distance away from the hut, the less manure
is applied. The bananas become thifiner. More and more coffee trevs.
maize plants, and beans grow between the bananas until the belt of bananas
around the centre of the holding gives way to a belt of banana-coffee
cultivation. Gradually the mixed stand of banana—coffee-beans is succeeded
by one consisting of banana-maize-beans or coffee-beans. In some cases,
\he belt of mixed stands is supplementec by 2 plot with pure stands of new
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Fic. 8.4. Land use in a Bahaya holding, Bukoba, Tanzania: (a) layout; (b) horizontal
order; {c) vertical order. From Friedrich (1968, p. 175).
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coffee. Land use is thus organized in concentric circles around the central
hut, the bands ranging in width from a tew feet to several dozen yards.
(2) Besides the spatial order of plant growtl, there is a vertical one. On
the heavily fertilized soil close to the house, the bananas reach unusual
heights, casting dark shadows upon the ground, where only some arrow-
roots grow. Bananas close to the centre of the farm frequently grow twice
as high as those growing on the less fertile edges of the holding. With the
distance from the hut increasing and the supply of manure and mulch
material growing less, and at the same time the heights and shading of the
bananas decrecsing, more coffee trees can be found growing between the
bananas. If the density of the banana-coffec vegetation permits it, the
ground is covered with beans, so that, in accordance with their need for
light, three crops are growing one above the other: beans, coffee, and
bananas. Arrowroot, yams, tobacco, maize, and vegetables are aiso grown
where possible, in such a way that on different plots different crops are
grown, which are compatible with regard to their light requirements. At
the same time, the ground is given complete protection by a thick layer of
muich.

Naturally, the various belts around the hut are not kept strictly separate;
instead, we find a gradual transition in the combination of plants, which may
vary from one location to another, frem one farm to another, and even on
any one farm, according to the nature of the soil and the site of the slopes.
The determining factors in the cultivation of the homestead are the fertility
of the soil, domestic needs, the land available, and—occasionally—the
influence of extension officers. The way mixed cropping is apportioned
depends primarily upon domestic requirements. In cases of large families
with small plots of land, bananas are given priority, and there is little room
left for coffee. In contrast with this, there is proportionately much coffee
where a family has at its disposal a relatively large homestead.

Bananas at Bukoba are a permanent crop. Some of the homesteads have
carried bananas for more than sixty years, and this permanency of farming
is based on intensive manuring. The export of nutrients is limited to some
dried coffee. Instead, there is a substantial import of nutrients by the gather-
ing of fuel, the purchase of food, the use of ample mulch collected from the
open grassland, and the fact that the cattle are kept in stables and their
manure systematically applied. The build-up in soil fertility is the more
marked the older the homestead. The man farming an old plot, which in the
course of time hrs received much refuse and mulch, can rely on his bananas
having a denser growth and a ricker yield than a man cultivating a new plot.

One-third of the farmers own cattle, usually 3-4 head. The cattle graze on the
open grassland and produce mainly manure for the banana land. The production
of milk and meat is very low. Friedrich (1968, p. 159) gives the following informa-
tion: calving interval 25:5 months, weaning loss 30 per cent, daily milk production
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during the six-month lactation period about 1-5 kilograms, and 20 per cent of the
cows are probably sterile. The average milk production per cow and per year, over
and above calf-rearing, is thus cstimated at SO kilograms. The most important
product of the cattle economy is obviously manure (sce Fig. 8.5). On farms where
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F1G. 8.5, The relation between farm size and gross return in Bahaya holdings with and
without cattle. (1) Farms with cattle: R? = 0-98, n = 16, (2) Farms without cattle: R? =
0-51, n = 13. From Friedrich (1968, p. 204).

cattle are kept, the gross return per hectare of banana—coffee land is on average
$200 above that of farms without cattle. if we assume—certainly not entirely
correctly-—thai the additional a erage gross return on farms with livestock is
wholly due to the manure, we arrive at an annual manure value per livestock unit
of $78 (130 shillings). This figure may explain the Wahaya's interest in obtaining
cattle, and thus manure.

Table 8.6 shows the economic return of Bahaya farming, which is higher than in
most other farming systems of Tanzania. The more successful farmers are quite
obviously those who produce more per hectare. 58 per cent of their labour capacity
is employed, as compared with the average of 37 per cent.

8.5. Estates and smallholdings with shrub crops

Coffee and tea are the main representatives of a distinct group of crops
that botanically are tree crops but because of their farm-management charac-
teristics are termed shrub crops. The main difference in cultural practice
between these and trec crops is the high input for weeding and pruning. Both
aspects are tied to the shrub-like appearance of the plants,
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8.5.1. Coffee holdings

The production of arabica coffee in most countries was usually started on
estates and then spread to smallholdings. A numbzr of the farm-management
features of coffes promoted this patiern of development:

(1) Coffee growing is adaptable to wide differences in farming intensity
and to various forms of mixed cropping and inzercropping.

TaAsLE 8.8

Farm-managemei data of banana-coffee holdings in Bukoba, Tanzania, 1964-5

Average of seven .
g Average of sample

Method moizitosig(i:;‘:;:..ful of 120 holdings

Workers per holding (ME) 2:12 1-64

Size of holding (ha) 1:50 0-88
Banana-cofice land (ha) 142 0-8]
Field crops (ha) 008 007

Banana-coffee as 9; of total area cropped 94 89

LU per holding 43 13

Coflee trees (no.) 150 62

Economic resurn (§ per holding)

Gross return 539 230
Banana 3i8 124
Coffee 188 79
Field crops 20 24
Cattle 13 6

Expenses for purchased material inputs 7 3

Income 532 227

Costs of hired labour 4 5

Family income 528 : 222

Productivity

Gross rcturn of banana-coffee fand ($ ha-!) 380 284

Gross return (§ ME-Y) 254 140

Value added (§ per ha of banana—coffes land) 373 290

Labour utilization as %, of available labour 58 37

l.abour input (hours per ME) (arable crops,

permanent crops, and animal husbandry) 1780 980

Source: Friedrich {1968, p. 205).

(2) Coffee production at low levels of yield is not very susceptible to plant
disease.

(3) By far the most important input in coffee production is manual labour.
(4) The produce may be dr'ed on the farm or processed in small pulperies.
Transport of cherries to large pulperies is a problem, but by no means
comparable with that of transporting sisal leaf or sugar-cane.

(5) The introduction of coffee into subsistence holdings does not usually
lead to pronounced peaks in labour demand.
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Because coffee cropping suits small-scale farming, expansion in various
parts of the world since the 1930s took place primarily in smallholdings, as
in southern Brazil and East Africa. On the other hand, estate production
has recently gained in competitiveness, owing chiefly to the more rapid
application of technical advances like improved varieties, mineral fertilizing,
plant protection, pruning techniques and processing.

() Coffee estates in southern Brazil and Kerya. The coffee estates in
southern Brazil are mostly a few hundred hectares in area and are run on a
wage or contract basis. Holdings normally have at their disposal:

(1) a large coffee plantation, which occupies 15-30 per cent of the overall
area;

(2) a large pasture consisting of 40-60 per cent of the holding, supporting
about 50 head of livestock per 100 hectares of grassland;

(3) arable land for the workers as payment in kind; and

(4) odd pieces of forest or waste land.

In some cases we find arable land cropped with maize, non-irrigated rice,
legumes, cotton, etc., a special crop like sugar-cane or enions, or a market-
orientated dairy herd.

The different branches of the holding are cultivated extensively, The coffee
stands are mainly very old and yield low returns. Fertilization with animal
manure and mineral fertilizers is limited to progressive holdings. When the
one harvest takes place, ripe, unripe, and overripe cherries are all picked
together and prepared ‘dry’. A commedity of moderate quality is produced
on a large scale, the coee yield per hectare being on average only 4 quintals,
although in the examples in Table 8.7 it reaches 7-12 quintals. The eificiency
of the grassland is that of rough grazing rather than pasture, and the milk
yields per cow exceed 1500 kilograms in only a few cases.

The holdings in Table 8.7 illustrate the ways in which this holding system is
developing. In the case of the holding with 668 hectares, the purchasing power of
neighbouring owns has caused dairying to be expanded, so that only one-half of
the holding return is derived from coffee. Ir. the holding with 454 hectares, the
growing urban demand bas led to a special crop, in this case onions. In other
holdings, like the one with 716 hectares, coffee cropping has been modernized, a
step reflected in younger stands and higher efficiency per unit area. The introduction
of mineral fertilizing in conjunction with sprays has given coffee the power to
compete again with other forms of land use.

Coflee estates in other parts of Latin America and in Africa are usually less
diversified than those in southern Brazil, where urban purchasing power is
comparatively high. In Kenya for instance, most coifee estates are specialized
undertakings. In the case study depicted in Table 8.10 (p. 229), half of the
farm area is pianted with coffee, the rest being waste land, or producing
mulch material.
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TABLE 8.7
Farm-management data of diversified cq fec estates in Sao Pu:tlo, Brazil, 1958
Type of farming Coffee- Coffee- Coffee- Coffee-
cattic cattle arable crops milk
Method* Case studies
Size of hoiding (ha) 215 7.6 454 668
Coffes 21% 271% 19% 12%
Arable crops — 2% 16% 1%
Pasture 61% 319 4% 55%
Bush and forest 1Y% 20% 7% 14Y%,
Other land (mainly
crops for labourers) 7% 209 14% 12%
ME per 100 ha of utilized
land®+© 10 17 23 2C
Livestack (LU per 100 ha)* 40 22 41 46
Yields
Coffee (kg ha™}) 700 900 1200 700
Maize (kg ha~?) — — 1800 1000
Milk (kg per cow and year) n.a. na. 1237 1515
Coffee ($ ha~?) 314 361 468 309
Maize ($ ha™?) - n.a. 109 68

Economic return (S per ha

of utilized land)

Total gross return (ha)® 90 177 205 94
Coflee 92% 93% 449 50°%%
Arable crops \ 8o/ \ 70, 467, 15%
Livestock | B /o 10% 35%

Total expenses (ha) 61 122 137 86
Wages 0% 66% 55% 34%
Equipment 2% 4% 3% 1%
Fertilizers, seeds, etc. 9%, 2074 21% 2%

Wet return (ha) 29 55 68 8

Productivity
Gross return
($ per ha utilized) %0 177 205 94
Gross return (§ ME™Y) 900 1040 890 470
Value added
($ per ha utilized) 72 166 143 37
Value added (§ ME-?) 720 975 623 185

s Case studies nos. SF-40, LF-150, MF-2, MF-1.

® 250 maan-days per ME.

¢ The lahour force is related to land utilized, i.c. coffec land + arable land + pasture, not
including bush or land for labourers.

¢ Almost all are cattle.

* Not including production on labourers' fields, food t0 the farmer's household, or renting

value of the farmhouse.
Source: Food and Agriculture Ovganization (1960, part 1).
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Considering the farm-economic data of the coffee estates in southern
Brazil and Kenya (see Table 8.7 and 8.10), we may summarize their farm-
management characteristics as follows:

(1) A high degree of intensity per hectare planted with coffee, with gross
returns far above most arable crops under similar circumstances, and
usually also above most tree crops thai suit the location. The duration of
the cycle is an indication of the degree of intensity. With extensive cultiva-
tion, the coffee stands are replaced after twenty-five to thirty-five years;
"vith intensive cultivation they are replaced after twelve to eighteen years,
(2) Soil fertility is not as easily maintained in estates with monoculture as
in smallholdings with a banana-coffee mixture. Intensively mulched and
manured coffes plantations in Guatemala are reported to produce coffee
for one hundred years without reduction in soil fertility. Extensive coffee
production, hawever, frequently results in soil mining,

(3) Manual labour and salaries are important input items, requiring about
half of th= total costs. The level of coffee output per hectare is closely
related to the Jevel of labour input, since the extra work that is involved
in applying intensive husbandry techniques (see §8.5.1 (c)) may result in
substantial increases in quantity and quality.

(4) The capital input, except in trees, roads, and pulperies, is low com-
pared with most othur estate crops.

(5) Estate production with a Ligh level of yield is exposed to considerable
production risks: frost is a particular hazard in southern Brazil; coffee
berry disease has brought great losses to the planters of Kenya.

(b) Coffee smallholdings in Tan-ania and southern Brazil. Both robusta znd
arabica coffee are extensively grown in smallholdings, wheie coffee production
is combined with various other activities. Three distinct types may be dis-
tinguished :

(1) Cofiee may be grown under a cover of natural foresi, and rarely mixed
with food crops. This is true for most of the robusta production in West
Africa and the arabica production of Ethiopia.

(2) Coffee may be grown in a mixture wiih bananas and various other food
crops. This is true of some robusta coffee and of much of the arabica coffee
in Latin American and East African smallholdings. Mixed stands are
frequently the outcome of introducing coffee into fallow systems.

(3) Coffee may be grown in purc stands, except for some interculture in
the early stages of plantation development. This is true of smailholder
coffee in southern Brazil and Kenya.

The following is an outline of the farm-management characteristics of
holdings growing coffee in mixed and pure stands:
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(1) Coffee-banana holdings on Mount Kilimanjaro, Tanzania. In the
course of five decades un important and particularly interesting farming
system has developed in the coffee-banana belt on the fertile, well-watered
slopes of Mount Kilimanjaro (see Table 8.8). These are small farms of

TABLE 8.8
Farm-management data of coffee smallholdings in Tanzania and Brazil

Country Tanzania Brazil
Location Machame, Sao Faulo
Mt. Kilimanjaro

Year 1961 1958

Method Sample Case study

Number of holdings 150 1

Persons per holding 7:5 n.a,

ME per bolding 21+ 43

ME per 100 ha 161 KH]

Size of holding (ha) 1-3 121
Coffec 11 87
Bananas -0 08
Maize 07
Beans 0 10
Other crops 01

Mixed cropping of coffee and bananas (ha) 09 0-8

Livestock (LU per holding) 112 30

Yields

Coffee (kg per tree) 03° n.a

Coffee (kg ha™?) 179 890

Banana (bunches per holding) 309 n.a.

Economic return ($ per holding)

Grcss return 2634 3345
Coflece 8%, n.a.
Bananas sold 18% n.a.
Other crops soltd 6%, n.a.
Home consumption 8% n.a.

Expenses for purchased material inputs €4 877

Income 199 2468

Wages for hired labour 45 143

Family income 154 2325

Non-agricultural income 65 n.a.

Productivity

Gross returr ($ ha™') 202 276

Gross return (§ ME-") 125 778

Value added ($ ha=') 153 204

Value added ($ ME™?) 95 574

* Including family members receiving other income and 0-5 man-equivalents of non-family

labour.
® Average of 1960 and 1961.

° The sample year 1961 was exceptionally poor.

¢4 Without renting value of farmhouse.

Sources: Tanzania, Beck (1964); Brazil, Food and Agriculture Organization (1960).
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about 1-0 hectare, on which coffee and bananas are grown in mixed stands.
In addition, a few miles lower down the mountain farmers cultivate a
plot of maize. Most of the farms keep some cattle and goats, which are
stabled throughout the year. The animals are fed with the leaves and stems
of bananas. Grass and hay is brought from the lower steppe, the women
carrying bundles of it on their heads for miles. The goats feed on the leaves
of hedges surrounding each holding. The main purpose of this system of
animal husbandry is to obtain manure.

The verious farm activitics arc integrated to 2 remay .able extent.
Bananas supply food, the raw material for the brewing of beez, some cash,
fodder for cattle, 2nd mulching material. The manure for both coifee and
bananas comes from the cattle, which also supply animal proteins.

Planting is arranged according to the light requiremenis of each crop.
Light permitting, beans are grown nearest the ground, and above them
the coffee trees, whick in turn grow in the shade of bananas. The sinaller
the farm the greater the preference given to bananas, because under present
methods of cultivation they yield in terms of money the highest gross
return per Lectare.

Reck’s (1963)study of 1961, a particularly poor year, shows thaton averaze,
a 1-2-hectare holding of this type yielded a gross return of $263. The riain
outlay was the wage bill for outside labour. One-third of the families
derived an income from outside the farms, usually by working on nearby
estates. The average family income in 1961 was quoted at $219. According
to another more widespread but less systematic enquiry in 1959, the returns
from coffec and bananas were considerably higher, even on smaller farms.

Worthy of note are the beginnings of commercial milk production. The
income from coffee has resulted in a greater demand for milk. Some farmers
are buying Jersey cows from the estates in order to sell mili to their neigh-
bours. The annual milk yield per grade cow was about 2000 iitres in 1961.
Some farmers buy additional bran and pyrethrum cake; they also grow
grass for fodder, either in terraces between the cofiee or in separate plots.
If the cows are proj erly looked after—so some of the better farmers say—
fodder grass shows greater moneiary returns per hectare than either coffee
or bananas. Hence grass becomes another cash crop. The farmers are
encouraged to grow their own grass because the purchase of hay from the
steppe carries the danger of introducing ticks and thus east coast fever and
other diseases. Discase-prone grade cattle are kept healthy by stable-
feeding with home-grown fodder il the year round.

The fact that this Wachagga farming is commercialized to such an extent
has also led to changes in the attitude to land ienure. Land has become the
private property of individual farmers. It is openly bought or sold, and
can be used as security against government loans.

(2) Coffee sitios in southern Brazil. Where coffee is grown in pure stands,
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most smallholdings are highly commerciziized, and the same husbandry
techniques as in estates are applied with. varying dzgrees of care. Economic-
ally important examples of this are the coffce holdings in southern Brazil,
which account for the major part of local production.

Tablc 8.8 contains the data of a holding typical of this kind, whose efficiency is
above average. The arca cropped with coffee is 87 hectares, most of which carries

.

pure stands. Young cofiee plantations are also used for growing maize, rice, and
beans. 3 hectares of pasture support 5 cattie. Arable farming and cattle-keeping
serve only to cover househcld food requirements. The holding is operated by
family labour. At harvest time, which is a relatively short period in this area
(unlike other coffee-growing areas of the world), a number of secasonal workers
are employed.

The result of using a relatively small labour force is an extensive form
of coffce growing. Four plants are put into one hole. The branches are not
pruned, so that work is limited to control of weeds and harvesting. The
tree is stripped when most of the cherries are ripe, and they are then placed
in drying sheds. In this way coffee is produced at half the price of coffee
in the holdings on Kilimanjaro. The cropping area and size of the harvest
is disproportionately larger.

The good results from the holding shown in Table 8.8 derive from the
use of a relatively young plantation that is heavily fertilized. This is not
usually the case in Brazilian sitios, the yields averaging only 4 quintals of
coffee per hectare. However, there are signs of improvement, such as the
intensification of dairying, which produces animal manure, or, as in our
example, the development of smallholdings with heavily fertilized pure
stands of coffee.

(c) Husbandry technigues of coffee production in various countries. The
comparison of husbandry techniques in various coffee-growing areas pro-
vides an idea of the socio-economic adaptability of coffee production. This
can be illustraied further by a comparison of labour input, sosts, and returns
of production of arabica coffee in three Latin American countries and in

Kenya.

(1) Traditional coffee ciopping in Sao Paulo. The aim in coffee cropping
in Brazil is to produce large quantities of moderate quality, using a large
area of land and as few workers as possible. The traditional method of
farming is relatively extensive. Coffee is sown in the field and not planted.
800 seed holes per hectare are the norm, and as the plants grow they are
thinned out, leaving two to six plants in each hole. The struggle for light
causes the individual branches to bend outwards, and fruit-bearing
branches to be formed without any pruning. Hoeing the weeds is the only
major operation. Coffee occupies the plot for a relatively long time,
normally four years, before the first yield is produced. The plot is used
16
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over a long period: two-thirds of the trees in holdings in Sac Paulo are
more than twelve years old and half are more than twenty-five years,
whereas the maximum yield is reached in the seventh to ninth year. People
prefer, however, to have large areas carrying old stands with a low yield
to save the cost of frequent replanting, The cherries are not harvested
selectively, but when most of them are ripe. All the cherries growing on

TABLE 8.9

Labour input per hectare of established coffee in several countries
(hours per hectare)*

Country Brazil Columbia El Salvador Kenya
Exploitation system Estates Smallholdings Estates Estates
Weeding and decouching 209 254 219 708
Pruning 15 63 227 552
Care of shade trees - 29 151 -
Infillings 6 24 86 16

Mulching, rertilizer
application, and erosion

control 50 10 200 259
Plant protection 28 37 67 120
Harvesting 218 mn 566 912
Sundries 50 10 50 48
Total labour (hours per ha) 576 799 1566 2615
Wage costs ($ ha=?)b.c 92 104 157 158
Yield, green cofiee (kg ha=') 446 523 €60 840
Price ($ t°1) 450 764 955 875
Gross margin ($ ha-?) 201 368 630 135
Wage costs as 24 of gross

margin 45 28 25 22
Gross margin ($ per hour

of work) 035 046 0-40 0-28

* Direct costs for upkeep and harvesting only, without general charges, overheads, or
processing.

" Total labour input valued at local wages: Brazil $0.16 per hour; Columbia $0:13 per
hour; El Salvador $0-10 per hour; Kenya $0-:06 per hour.

° Rate of exchange: Brazil, 100 cr == U.S. $1-32; El Salvador, source in U.S. §; Kenya,
I shilling = U.S. $0-12; Columbia, | pesos = U.S, $0-234,

Sources: Food and Agriculture Organization (1958, pp. 24, 28, 43, 45, 49, 50, 79, 105, 117,
138); (1960, part 1, pp. 20, 48, part 2, pp. 48, 55, 61); Kenya Coffec Growers

Association (1968).

the tree are shaken or stripped off, and dried in the air on drying floors or
in drying sheds. Air-drying is preferred to the pulping and fermentation
method, because the latter requires selective harvesting, This in turn
requires a high labour input at harvest time, and in Sao Paulo harvesting
takes place in a few concentrated months, a situation that distinguishes it
from coffee-growing regions near the equator.
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The Brazilian method demands an average input of only 576 man-
equivalent hours per hectare. There are no appreciable costs of fertilizing
and planting material. On the other hand, the yields are low, the quality is
r.verage, and the gross monetary retuvn per hectare is smail. The cost of
labour amounts to 31 per cent of the gross return, so that per maa-
equivalent-hour there is a gross return of $0-35 (see Table 8.9).

The husbandry techniques described above are on the way out. Produc-

tion is increasingly coming from new plantations, with plants raised in
nursery beds and ptanted in fertilized holes—four plants to each hole—
along contour lines. Mineral fertilizer and mulch are applied. There is,
however, little pruning, little selective harvesting, and the produce is stilt
sun-dried (Nixdorf 19¢€8).
(2) Coffee growing in Columbia. In Columbia, coffee is produced mainly
in peasant holdings, which normally comprise 10 hectares of usable land
with 3 hectares devoted to coffee. They are in mountain locations, where
the population density is relatively high and land is correspondingly scarce.
Coffee cropping is, thercfore, more intensive than in Brazil. Instead of
seeding the coffee, the farmers plant seedlings, but only some of the plants
are raised in nursery beds. Adventitious suckers are still commonly used
for replanting (this is the most extensive form of planting possible). The
plant density of about 2000 trees per hectare is very high. The growing
stands are shaded by bananas, which also produce a yield, but where there
are older stands they are sometimes shaded by trees that compete less
with the coffee for light and nutrients than do bananas. There is not a great
deal of pruning. Fertilizing is rare and the orly cultivation is weeding and
annual topping to keep the trees down to a managgable size.

Harvesting takes place throughout the year, and it is selective according
to ripeness. The cherries are pulped before undergoing fermentation,
which demands more labour and investment than the air-drying methods.
The holdings are equipped with the necessary hand-tools and facilities.
The labour input in the Columbian method, an average of 799 hours per
hectare, is far above that of Brazil, but this higher input is counterbalanced
by a somewhat higher yield of considerably better quality. The labour costs
constitute 24 per cent of the gross returf, and a gross return per man-
equivalent-hour of $0-57 remains.

(3) Coffee cropping in El Salvador. Coffee cropping in El Salvador has
attained a particularly high degree of intensity. Plants are raised with great
care and a high labour input, first in a seedbed and then in a nursery bed.
Only selected young plants are used, and they are planted out when they
are one ot two years old, which is comparatively late. The point of this is
to reduce as much as possible the period when no yield is produced, and
this is also how total clearance and replanting can be avoided. The seedlings
replace trees that have already been chopped down, or they are planted
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near trees with a poor crop, which are chopped down as soon as the new
plants begin to bear fruit. In this way, stands are being permanently
rejuvenated. Except in particularly high locations, the cofice grows under
shade trees, like mangoes or avocados, which themselves often produce
an economic return. The young plants are put in holes fertilized with
organic or mineral fertilizer. The coffee tress are also treated with compost
and mineral fertilizer during their fruitless early years. They are frequently
and carefully pruned, erosion is controlied by terracing, harvesting is selec-
tive, and the wet fermentation method is used. The labour input of 1566
hours per hectare is three times as high as in Brazil, but compared with the
data from Brazil it is compensated less by higher yields than by better
prices. The wage bill accounts for 24 per cent of the gross return, so that
the gross return per man-equivalent-hour is $0°40.

(4) Coffee-growing techniques in Kenya. Coffee growing in Kenya is even
more labour demanding than in El Salvador, although the production
techniques are similar. The labour spent on weeding and decouching is
particularly high. The pruning requires twice the aumber of work-hours
as in El Salvador. The same is true of selective harvesting. The data thus
indicate that the labour efficiency per man-hour is much lower in Xenya
than in El Salvador. The higher input in man-hours is offset by lower
wages. To*al wage costs in Kenya and El Salvador are almost at the same
level. The same applies to prices. The gross margin per hectare, however, is
higher, while the gross margin per hour of work is much lower.

The data in Table 8.9, comparing labour input and yields from coffee
plantations with different growing methods, must be treated with caution.
They are average values from surveys of the Food and Agriculture Organiza-
tion dating back to the late fifties. There are great variations of performance
within each area. Moreover, the rates of exchange have introduced their own
distortions. The value of the comparison does not lie, therefore, in any of the
details, but rather in the demonstration of the giezt numbers of possible
methods and in the fact that there are definite reasons for the cropping
methods that have been chosen.

8.5.2. Tea holdings

Growing of tea in suitable areas depends on the processing capacities of
tea factories. In Ceylon and Assam, there are still mauy small factories in
operation with a processing capacity of less than 110 000 kilograms of made
tea a year. The tea area required by a factory of this kind is 50-100 hectares
according to the level of yield. The size of these holdings is typical for the
indigenous owner-planier. The tea estates belouging to firms have larger
processing capacitics and larger plantations. In the highlands of Kenya the
smallest size, according to McWilliam (1959), is a processing capacity of
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25 000 kilograms of tea and 200 hectares. The optimum estate size is twice
this. Besides the estates, we also find occasional tea-growing holdings whose
harvest is sold to a neighbouring factory. In Kenya, Ceylon, and Java, these
are run chiefly by small-scale producers. In Japan and Taiwan, the small-
holders process their own tez by traditional hand methods.

(a) Tea estates in Ceylon. Table 8.10 shows data of input and yield on a
tea estate in Ceylon, where most of the tea is more than 50 years old. A
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TasLE 8.10
Farm-management data of a coffee estate in Kenya and a tea estate in Ceylon
Type of production Coffec* Tea®
Location Kenya highlands Ceylon, high lzvel
Method Model Case study
Year 1968 1964-5
Size of estate (ha) 162 217
Mature coffee or tea 509, 19%
Immature coffee or iea - 129
Other land (grass) 4% 99,
ME per 100 ha planted® 100 178
Yield (kg green coffee or made tea) 840¢ 914¢
Estate capital ($ per ha planted) 1485* na.
Plantation 627, na,
Buildings 207, n.a.
Equipment 10% na.
Factory 87 n.a.
Economic return ($ per ha planted)
Gross return 735 576
Costs® 624 518
Upkeep of plantation 50% 247,
Harvesting 147, 2%
Processing, running costs only 1% 13%
Depreciation or replacements 1% 24%,
Overheads 229 1%
Net return ($ ha~?) m 58
Wages and salaries as % of total costs 49 60
Productivity
Gross return (8 per ha planted) 735 576
Gross return ($ ME-!) 735 323
Value added (§ per ha planted) 417 370
Value added (3 ME~!) 417 208

* Based on estate records.
® Accounts of a well-run estate,

° Including factory labour and seasonal labour.

¢ Average of all estates: 700 kg.
* Estate average: 600 kg.

* Planning figures for a newly cstablished estate.

* Net of interests.

Sources: Coffee, Kenya Coffec Growers Ascociation (1968); tea, cstate accounts, personal

enquiries.
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special advantage from the angle of farm management is the regularity of
the labour operations. In Assam and East Africa, 80-90 per cent of the
harvest of leaf occurs in 5-6 months, whereas in Ceylon it occurs in 7-8
months. Tea estates are generally characterized by the following farm-
management features:

(1) Tea is an intensive form of wopical land use. In the example in Table
8.10, the yield is 914 kilograms of made tea per hectare, i.c. $576 per hec-
tare. Improved planting and plucking techniques, in conjunction with
mineral fertilizing, have made a vital contribution to the increase of
average viclds in north-east India from 625 to 1075 kilograms in the last
forty years. Fields with new clones, in a good 1ca climate, planted at high
densities, and with high applications of mineral fertilizer (320 kilograms
nitrogen per hectare), vield in Ceylon 3000-4000 kilograms of made tea
per hectare. [n addition they are earlier yielding than traditional tea.

(2) A tea plantation is permanent and the yield is rcliable. A plantation
produces regularly with only minor fluctuations from year 1o year. It is
common to find tea plantations being used continuously for fifty years,
and in Japan plantations are still cultivated that are over 150 years old.
Replanting becomes nccessary when there are 100 many missing bushes,
or when the productivity of the established bushes is low in comparison
with that of improved clones.

Conservation of soil fertility on tea estates is a problem similar to that
of coffee cropping, in that it depends largely on husbandry techniques.
Modern plantations with litle space between ihe plants, growing along
the contours, showing a dense table of 1ca leaves, and with heavy fertilizing
may well be regarded as a soil-preserving type of Jand use.

(3) The main costs are those of labour. Practically 80 per cent of the costs
of establishing a plantation without a factory and 60 per cent of the costs
of a mature plantation are wages and salaries. In Ceylon, we find a Jabour
input of 5690 work-hours per hectare (sce Table 8.11), 44 per cent of which
is spent on harvesting the leaf (4000 shoots have 1o be picked for onc kilo-
gram of made tea). 19 per cent is spent on hoeing weeds and & per cent
on work in the factory. The labour demand hovers around 2 man-equiva-
lents per hectare of tea, and almost half is female labour employed in
plucking. Tea plamations are very sensitive 1o wage levels, and success
depends on the availability of plenty of cheap labour, since operations
cannot be easily mechanized, mainly because of the inability of the plucking
machines to discriminate between tea leaves for quality, and to avoid
damaging the tea bushes. In addition, it is difficult to mechanize tea
planting on sloping land. In Ceylon, for instance, the employment ratio
for iabour—approximately 2-2 man-equivalents per hectare of tea—has
changed little over the last forty years (Lim 1965, p. 18). Plucking shears,
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with which a yield per day of 10-15 kilograms of green leaf can be increased
to 100-150 kilograms, are used in Russia, Japan, and Taiwan, but only
occasionally in Assam or Ceylon. They do reduce the quality of the leaf,
however. Another feature of tea production is the rigid timing of opera-
tions, because the leaf has to be plucked at regular intervals and processed
a few hours later. Thus, tea plantaticns can be disrupted much more easily
by strikes than can sisal or rubber plantations.

TabLe 8.11
Composition of labour use on five cstablished tea estates in Ceylon
Total 1abour hours per ha 5690
Plucking tea leaf 449
Weeding 19%
Manuring 4%
Dusting and spraying 4%
Bush sanitation 3%
Green manure 3%
Pruning 2%
Maintenance of roads 6%
Factory labour 89
Services 7%

Source: Wright (1953, p. 59).

(4) High initial investments are necessary. The replacement of a plantation
of one hectare in Ceylon costs from S1000-1500. In Kenya, McWilliam
(1959) quotes from $2000-4000 per hectare for a new plantation and $87 500
for a tea factory serving 200 hectares. Thus a 200-hectare plantation costs
at least S500 000, and, since there must be this high initial investment, there
is a burden of high fixed costs.

(b) Smallholder tea. Tea is a typical estate crop for various reasons: firstly
because the green leaf raust be properly plucked and processed within a few
hours, and this is very difficult to organize with numerous smallholdings,
and secondly because of thie importance of refined techniques in plant raising,
plant establishment, fertilizing, plucking, and in particular pruning, all of
which have to Le applied for optimum yields. Smallholder tea in Ceylon
yields significantly less than estate tea. Nevertheless, smallholder tea has been
introduced on a large scale in Kenya, and is also being introduced in various
other countries. The key to the striking initial success in Kenya is the very
thorough organization, the supervision of planting, husbandry, plucking
(bud and two leaves only), and delivery of green leaf. Tea is grown in small-
holdings that include numerous other activities like maize, potatoes, coffee,
and milk production with grade cattle. There is, however, almost no inter-
plaating, pure stands being cultivated according to closely prescribed rules
adapted from the estate economy.
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Smallholder tea in Taiwan js quite differcnt, because the production aim
is a tea of low quality but high return per hectare (up to 4000 kilograms of dry
tea). Harvesting with shears takes place four tir=s a year. Mineral fertilizers
are applied, together with mainly pig manure, and large areas of tea in Taiwan
are intercropped with sweet potatoes and groundnuts,

8.6. Estatos and smallholdings with tree crops

Crops like cocoa, rubber, oil-palms, and coconuts are tree crops proper,
They differ from the shrub crops dealt with above in that they need more
years to reach ihe bearing age, their vegetation cycles are longer, and they
present a less intensive form of land use, High costs for establishing planta-
tions and for harvesting and low costs for plantation maintenance are the
most obvious characteristics of this group.

8.6.1. Cocoa holdings

Cocoa is a typical smallholder crop, mainly because cocoa can casily be
established in combination with arable farming. It fits into various forms of
mixed cropping and interplanting, husbandry demands are comparatively
low, and processing can be done with simple equipment on the holding,
Estate production is, however, practised in Brazil, Ceylon, and New Guinea,
for instance, and is usually ainied at quality produce, which requires more
refined processing techniques,

() Cocoa estates in New Guinea. The initial stage of tree-crop development
in the tropics is usually tied to the estate system, particularly in areas with g
backward population. This js true for cocoa in New Guinea, Table 8.13 on
p- 235 shows the farm-management data. 2roduction is far less intensjve than
on tea estates. Plantation maintenance, harvest, and amortization are the
main cost items. A special feature of the production in New Guinea, where
Australian personnel are employed, is a high salary for the manager.

(b) Cocoa smallholdings of the Yoruba, Nigeria. More important than
estate produiction is smallholder production, which predominates in West
Africa. In the tribal area of the Yoruba, in the last few decades, more than
150000 largely commercialized small-scale producers have established
themselves.

land belonging to the holding usually amounts to twice or four times the area of
the arable land. Stock consists of a few goats, sheep, and chickens, The Yoruba’s
land-use system has evolved from shifting cultivation and has become partly
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permanent and partly semi-permanent.' After clearance, yams, maize, and manioc
are cropped for two to three years, During arable cropping, cocoa i3 sometimes
sown and sometimes planted among the subsistence crops. Manioc, bananas, and
papaya create shade at the beginning, and a plantation of cocoa develops, mixed
with cola trees and oil-palms. Land planted in this way cannot be used for arable
cropping for a long time. The yields of cocoa that this method produices are very

TABLE 8.12
Farm-management data of Nigeria cocoa holdings
Location Yoruba country Alade (Yoruba
country)

Year 1951-2 1963-5
Method Sample Sample
Number of holdings 70 More than 30
ME per holding 33 38
ME per 100 ha farm land . 48 49
Size of holding (ha)

Total land claimed 69 78

Arable crop land 13 11

Tree land (mainly cocoa) 08 2:8

Fallow land 48 39
Livestock (mainly goats and poultry) (LU) 03 1'5
Yields
Cocoa (kg ha~?) 533 n.a.
Cocoa ($ ha™?) 223 156
Food crops ($ ha~!) 36 130
Economic return ($ per holding)
Gross return 324 525

Arable farming 209 27%

Tree crops na. 68%

Livestock n.a, 5%
Expenses for purchased material inputs 13 62
Wages for hired labour —
Family income 3 463
Non-agricultural income n.a. 27
Productivity
Gross return ($ per ha total land) 47 67
Gross return ($ per ha cropped land) 154 134
Gross return (8 ME-?) 98 138
Value added ($ per ha total land) 45 n.a.
Value added ($ per ha cropped land) 148 na.
Value added (§ ME-!) 94 na,
Hours of field work per ME n.a. 921

Sources: Galetti, Baldwin, and Dina (1956); Upton (1967).

! In Ghana, the place where the most cocoa is produced by smallholderz, the conditions
were originally different. The rapid expansion of cropping is due to the activity of small
entrepreneurs settling in the area, who move on and buy new land as soon as cropping is
no longer profitable.
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low at 533 kilograms per hectare (the average yield in Ghana is also low, with
about 300 kilograms per hectare), since a reasonable yield expectation in modern
cocoa plantations is 2000 kilograms per hectare. On the other hand, the costs of
establishing the plantation and cultivating it are also low.

The arable branch of the holding continues alongside the tree crops with
practically no modification. The same plot carries a variety of crops arranged
more or less in a vertical order. The ground layer consists of creeping crops
such as groundnuts, pumpkins, gourds and calabashes, melons, and creeping
beans; the lower erect layer comprises manioc, maize, peppers, and erect
beans; and the upper climbing layer is made up of yams and climbing beans.

The extension of cocoa growing naturally leads to a reduction in fallowing.
The ratio of fallow years to cultivation years decreases from 3:1 in less
densely populated areas, to 1:1 in the middle of the cocoa region. At the
same time, subsistence farming undergoes a change. Manioc is given priority,
because it makes relatively low demands on soil fertility and produces more
calories per hectare and per work-hour.

Geletti, Baldwin, and Dinar (1956) calculated that in 1951-2 the gross return of
a holding like this in the region of Ibadan was $323. Upton's more recent estimate
(1963-5) amounts to $525, of which a good half is derived from cocoa (Upton 1967).
Material inputs are low, and capital, apart from plants, consists only of a few hand
implements and a rack for drying the cocoa beans. The problem is how to meet the
labour demands that the arable branch of the holding presents. Cropping more than

one hectare with subsistence crops usually fully occupies the labour force of a family
of hoe farmers. The Yoruba farmers employ, therefore, a good deal of seasoral

labour.

8.6.2. Rubber holdings

Rubber is grown extensively by both large and small producers, although
the objectives and the techniques of production differ. Production in estates
is geared to the principle of maximizing financial returns, while smallholder
rubber is part of an integrated farming system, with rubber serving as a
supplementary source of income.

(a) Rubber estates in Malaysia. Rubber estates are mainly situated in
Malaysia, Sumatra, and Ceylon. Table 8.13 provides some information about
the economics of estate production. The main farm-management character-
istics are as follows:

(1) Rubber production, aithough yielding much more than rain-fed arable

farming under similar circumstances, is less intensive than, for instance,

tea or coffee production. The established estate depicted in Table 8.13

yields 900 kilograms per hectare, valued at $212. With traditional varieties

it is about seven years from planting to tapping, which is a significantly
longer unproductive period than with the permanent crops dealt with so far.

(2) Soil fertility is well preserved in rubber plantations, which have the

appearance of a forest in temperate climates.
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(3) Manual labour is the main item of cost. Salaries and wages amount to
76 per cent of the total costs (see Table 8.14). 3-3 hectares per man are
reported i our case study, whereas |5 hec*ares per man is the national
average for cstates in Ceylon, and the ratio has remained almost unchanged

TaBLE 8.13

Farm-r:anggement data of cocoa, rubber, oil-palm and cocorut-palm estates

Type of production Cocoa Rubber Oil-palm Coconut
Location New Guiuea Malaya “ameroon Ceylon
Year 1958 1961 1968 1969
Method Model® Case studies Model® Case studies
Arca planted (ha)* 400 40v 4400 200

ME per 109 hat 90 30 25 30

Yield (kg ha=1) 750 200 2500 (oil) 1266 (copra)

(dry beans) (C.y cubber) 600 (kernels) 7300 (nuts)

Cstate capital,

($ per ha planted)’ 1000° 1000¢ 1580* n.a.
Plantations, roads, ctc. 69% 1% n.a. n.a.
Buildings, equipment,
factory 3% 20% na. n.a.

Economic return
(S per ha planted)

Gross return” 268 212 467 165

Costs! 175 167 346 118
Upkeep of planiation 20% 8% 1% 41y
Harvesting, transport’ - 26% 1Yy 14%
Processing* 29% 8% 5% —_
Equipment® 13% 17% 8% 13%
Depreciation 209 2% 399 19%
Overhcads, including
management 18% 12% 26°% 137

Met return ($ ha~?) 93 45 121 47

Producrivity

Gross return (3 ha 1) 268 212 467 165

Gross return ($ ME-1) 298 707 1868 550

* Prepared model for estate investment, based on estate records.

® Project plan.

¢ All data refer to mature stands only.

¢ Including factory labour.

* Including factory for processing.

! Estimate of investment requircments.

* Book value, below market value.

h At estate, not including transport to harbour, net of ¢xport tax,

! Net of interests.

! Including fertilizers and pesticides.

* Running costs only.

Sources: Cocoa, Wood (1963); rubber, Westgarth and Narayana (1964); oil-palm, E.W.G.~
S.0.D.E.P.A.L.M. (private communication) (1968): coconut-palm, Ceylon
Department of Census and Statistics (1965, pp. 67-70).
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for decades. Mechanization is still in the experimental stage, and tapping
will always remain nianual work. There is no pronvunced peak in labour
demand. Tapping, the mest important cost item, is carried out regularly
all through the year, with fixed assignments for each werker. This makes it
possible to work with an all-the-year-round division of labour, one group
being eugaged in tapping, another in weediug, and so on.

TAbLE 8.14 .
Costs of tea and rubber production in Ceylon, 1963*®
Type of production Tea Rubber
Number of estates 128 102
Source of data Estate Accounts
Unit kg made tea kg sheet rubber
Costs (8) 048 0:26
General charges 25% 28%
Salaries 11% 15%
Medical care 2%, 2%
Insurance, tax. contribution, etc. 8% 7%
Upkeep of buildings 3% 3%
Contingencies 1% 1%
Plantation 57°; 599,
Wages for weeding, pruning, and harvesting 42%, 50%
Wages for terracing, transport, etc. 5% 3%
Materials for fertilizing, pest control, fencing 9% 5%
Qther materials 1% 1%
Precessing 1825 13%
Factory labour 6% 6%
Machinery upkeep 2%, 2%
Fuel, packing materials, sundrics 10% 5%
Total 1009 100%
Salaries and wages as 9 of total 66 76
Costs ($ ha!)¢ 290 158

* Estate accounts in Ceylon do not include depreciation of mature stands, buildings, and
the factory. Deplacement costs are used instead. Replacements in the year 1963 were
rrobnbly below an appropriate depreciation charge. Costs depicted above are therefore
ikely to underestimate capital costs.

® | Ceylon rupia = $0.1565.

© Yield level: tea 600 kilograms per hectarc; rubber 600 kilograms per hectare.

Source: Ceylon Department of Census and Siatistics (1965, pp. 67-70).

(4) High costs in plantation establishinent in relation to the returns per
hectare make depreciation one of the most important cost items. Thus
rubber production requires a ot of capital per unit of outpui compared
with other perennial crops.

(5) One of the important advantages of estate rubber is ihe ease of intro-
duction of innovations. New tapping techniques and new clones radically
chanred the economic prospects of rubber production, which had looked
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rather bleak due to falling prices. New clones yield—under the conditions
of estate production—1200-1600 kilograms of latex per hectare per year.
Economies of scale are very pronounced with increased rubber production
per hectare (see Fig. 8.6). With tea the increased yields mean higher
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FiG. 8.6. Relation between yield per acre and costs per pound in seven rubber estates in
Ceylon (from Hansen 1969).

plucking costs. With rubber, however, costs of tapping remain almost
constant irrespective of the yicld. Moreover, planting can take place earlier.
Plantations traditionally required seven years before tapping coild begin,
but with the new planting material tapping may start after 5} years.

(b) Rubber smallholdings. Compared with the tea or coffee bush, which
has to be manured, weeded, pruned, and plucked regularly in order to keep
it in proper productive condition, the rubber tree is remarkably undemanding,
Processing is not tied to the producing farm. Rolling and smoking can be
assigned to neighbours or larger processing units. Rubber therefore attracted
smallholders in Ceylon, Sumatra, Malaysia, and Nigeria to enter into com-
mercial tree-crop production.

Rubber estates generaily present a picture of orderliness, with trees grown
in neat rows and the undergrowth kept down by constant cutting. Traditional
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smallholdings usually have a different appearance. The situation in Malaysia
is depicted by Courtenay (1965, p. 124) as follows:

... the vailey floors are occupied by rice ficids, irrigated by channels led along
the hill foot from the central stream. Above . .. these canals run the main foot-
paths, just beyond which are located the Maiay houses under the shade of
coconut-palms and fruit trees. Behind and above the houses, the hillsides are
planted with rubber, which may often be tapped by the rice farmer's wife or

children.
Smallholder rubber is often interplanted with fruit, cocoruts and arable crops.

The trees do not always form continuous stands but may be in clumps separated
by other vegetation. Beyond the environs of the smaltholder's house, the mixed
stand of rubber and other crops usually gives way to a pure siand of rubber in
the midst of tall undergrowth.

Smallholder rubber plots in Malaysia average between 1 and 3 hectares.
In contrast with estate planting (300 trees per hectare), final-stand planting
on smallholdings is usually very dense, with 500-900 trees per hectare, the
reason being that smallholders aim at high yields per hectare, disregarding
higher labour input, while estates try to economize on labour by aiming at
high yields per tree. Rubber tapping is not necessarily a regular task, and
this makes rubber such an attractive crop for smallholders, since during the
peak rice-planting and rice-harvesting seasons little labour need be devoted
to rubber. Smallholders prefer to tap when time permits or when cash is
needed, although irregular tapping may lower average returns. In some cases,
smaltholders tap only during periods when schools are closed—weekends
and vacations. Another advantage of rubber for smallholders lies in the
possible employment of female and child labour at low costs.

Smallholders use unselected seedlings usually. They do not receive maxi-
mum yields because of poor cleaning, lack of manuring, irregular tapping,
overtapping where cash is needed, and often wasteful tapping techniques.
They are, however, low-cost producers, and as such competitive with estates.
Whereas estates are severely hit by slumping prices, smallholders may
cultivate other crops more intensively, and in the meantime the rubber trees
may rest for ‘rejuvenation’, to produce larger yields when rubber prices rise

again,

* The family labour is mainly employed in off-farm work.

® 159 coconut-palms, 70 various fruit trees, 100 pepper vines, 200 plantains.

© Vegetable garden.

¢ Intercropped under coconut-palms.

* The price per kilogram of rubbe: is lower than in estates, because rolling and smoking
fees have to be deducted.

t Modern plantations established with government subsidies,

¢ Including return from various fruit trees, pepper, plantains, etc.

» fncluding minor charges for tax.

' Including bullock labour.

Sources: Dahomey, S.E.R E.S.A. (1959-60); Ceylon, personal enquiries.



TABLE 8.15

Farm-management data of oil-palm, rubber-coconut, and coconut smallholdings

Type of production Oil-palm- Rubber- Rubber-  Coconut-rice
maize coconut-rice  coconut-rice
Country Dahomey Ceylon Ceylon Ceylon
Location Cercle d’Allada  Kaduwela Kaduwela Candy
Year 1960-1 1969 1969 1969
ME per holding
Family labour 3 05 20 0-5*
Hired labour n.a. 22 — 22
ME per 100 ha farm land 19 112 178 123
Size of holding (ha)
Total land 15-89 2:42 1-18 22
Oil-palms 220 —_ — -
Rubber, mature - 041 0-61 -
Rubber, immature — 0-81 - —
Coconut - 0-80 020 1-4°
Other perennial crops  0-30 — — —_
Total lpercm:nial crops  2'50 2:02 0-81 1-4
Rain-fed arable crops  1:30 —_ 0-07° 0-2¢
Irrigated rice - 0-40 0-30 08
Livestock (no.)
Goats, sheep 3 —_ - —_
Poultry 5 4 3 4
Yields
Oil-palms, fruit bunches
(kg ha~?) 10 000 —_ _— —
Rubber sheets (kg ha™?) — 900° 800° —_
Coconut (nuts per ha) —_ 5200 6100 3200
Maize (kg ha™*) 1000 — — -—_
Rice, paddy (kg ha™") —_ 2000 1800 4100
Oii-palms ($ ha™?) 100 — — —_
Rubber ($ ha™!) - 278 248" —_
Coconuts ($ ha~?) -— 123 144 n
Maize (§ ha~?) 32 —_ — —_
Rice ($ ha™') - 190 172 394

Economic return
(8§ per holding)

Gross return 297 498 139 667
Tres crops 4% 487, 59% 35%F
Arable crops 26% 52% 41% 65%
Expenses for purchased
material inputs (mainly
fertilizer)® n.a. 43 12 107
Wages for hired labour'  ne. 207 19 282
Farm income n.a. 248 108 278
Productivity
Gross return ($ per ha
cropped) 78 206 118 303
Gross return ($ ME™Y) 99 184 69 248
Value added (¢ per ha
cropped) n.a. 189 108 258

ped
Value added (§ ME-Y)  na. 168 63 210
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Table 8.15 illustrates the farm-economic situation cf two rubber-growing small-
holdings near Colombo, Ceylon. Rubber is the majcr cash crop and the plantations
are considered as a capital asset. In both cases, new plantings with improved plants
have replaced the traditional mixed stands. Coconuts are primarily consumed in the
household or sold locally. Rice provides the food for the household,

8.6.3. Oil-palm holdings

Until recently, most of the oil-palm growing tcok place in West African
smallholdings and was part of subsistence-food production. However, a
genetic breakthrough has made oil-palms an economically worthwhile estate
crop. With oil-palms, the economic return per hectare during the vegetation
cycle depends on several variables, almost all of which have been influenced
by technical innovations.

(1) New improved varieties are available that mature after three to four

years, instead of ten years as with old varieties. New varieties are easier to

harvest, because the height of the stem is only a quarter of that of un-
improved palms.

(2) New varieties yield heavier bunches, wit' heavier fruits. Two types of

oil are produced from the fruit: palm oil from the pericarp and palm-

kernel oil from the kernel. New varieties have much more fatty pericarp.

Traditional production yields about ! ton of oil per hectare of mature

palms. New varieties yield 3-5 tons and more.

(3) Oil milling and the transport of fruit bunches to the mill have benefited

from innovations.

We consequently still find extensive areas where traditional oil-palm produc-
tion takes place, but increasingly both estates and smallholdings are planting
new varieties.

(a) Oil-palm estates in West Africa. Oil-palm estates have mainly been
established in Malaysia and the Congo (Kinshasa). More recently Ivory
Coast, Dahomey, and Cameroon have entered large-scale production
through para-state bodies. Modern oil-palm cultivation lends itself to estate
production. New varieties, and the corresponding husbandry techniques,
can be applied ad hoc on large areas. The perennial nature of the oil-palm,
its significant response to weed and bush control, its constant employment
of the labour force on continuous harvesting, and the need to move the fruit
to the mill as quickly as possible after harvesting in order to avoid loss in
quality are factors that favour large-scale p:oduction. The estates are gener-
ally very large, varying between 500 an< 2000 hectares in Malaysia and 1000
and 4000 hectares in West Africa.

The farm-management characteristics of oil-palm estates may be sums
marized as follows (see Table 8.13):

(1) The initial capital investment is higher than with most other tree
crops and is at about the same level as for tea and coffee. Establishment
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of the vil mill is the most important capital item; amortization charges are
correspondingly high.

(2) Gross returns are higher than with most other tree crops, but are lower
than with shrub crops like coffee or tea. However, the natural risks of
production (disease or other natural calamities) are low.

(3) Oil-palm plantations offer an almost complete cover for the soil. They
may well be regarded as a soil-conserving type of land use.

(4) The labour input in running an estate is perhaps cven smaller than
with other tree crops. Harvesting is a regular affair that is helped by truck
transport.

(5) Large estates organized by state firms, as is the case with oil-palm
estates in West Africa, are usually burdened by high overheads and
management Costs.

(b) Oil-palm smallholdings in Dahomey. Most West African oil-palm
production is still based on unimproved, ‘wild palm groves’. According
to the analysis by Zeven (1967), there are three main types of oil-palm groves:
secondary rainforest containing oil-palms, open palm bush with plant densi-
ties from a few palms per hectare to more than a hundred, and dense groves
of palms. In addition there are here and there small and medium-sized
plantations established by small entrepreneurs.

Smallholdings in the Cercle d'Allada, on the coast of Dahomey, where the rain-
fall is marginal for oil-palms, cover rather large areas, averaging 15'8 hectares
covered more or less irregularly by oil-palms with plant densities varying from 20
t0 200 palms per hectare (see Table 8.15). Harvesting, and transport of the bunches
to the collecting points is the only work necessary with oil-palms. Labour-demand-
ing processing by small hand-presses has already been replaced by proper oil milling.
The return per work-day is about $0.50, five times higher than with maize, and this
in spite of low-yielding varieties. In addition to oil-palms, small neglected patches
with robusta coff>¢ are to be found close to the villages. Most of the working time is
absorbed by growing maize and manioc for household needs. Two to five years of
cropping are followed by five to seven years of fallow. The smaller the area in rela-
tion to the number of houschold members, the higher the food demand, and so the
fallows are shorter and more manioc is grown instead of maize. In 1959-60, the
average gross return of these holdings was estimated at $297, most of which came
from oil-palms. The labour input of 945 hours of field work per man-equivalent
yielded a return of $99 per man-cquivalent.

The problem of smallholder production is one of reorganization of farming,
to take advantage of the genetic breakthrough, which is already exploited by
the estates. An important effort to solve the problem has been made in Ivory
Coast. Nucleus estates are increasingly surrounded by smallholders, up to
20 kilometres away, who practise modern techniques of oil-palm production
with the help of credit schemes and close technical supervision. The fruits
are collected and processed by the mill of the estate. Initial experience shows

17
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that plantation establishment in smallholdings is much cheaper than in the
estates, but kuskandry is not usually as good.

8.6.4. Coconut-palm holdings

Most commercial coconut production takes place in the numerous small-
holdings of the Philippines, Malaysia, Indonesia, Ceylon, and the East
African coast. Intermingled with the smallholdings, there are coconut estates.

(2) Coconut estates in Ceylon. Coconut estates in Ceylon vary in size from
a few hectares to several hundred hectares. The characteristics of production
are largely the same irrespective of size. Plant density is about 160 palms per
hectare. Intercropping is rare. Some plantations are grazed by local cattle,
but most managers prefer to farm without cattle. In the case study depicted
in Table 8.14, each palm yields an average of forty-six nuts a year, which
makes 7300 nuts per hectare. About 5900 nuts are required to produce one
ton of copra. The nuts are picked five or six times a year, and the husk is
separated from the nut in the field. The husks are used as mulching material.
The kernel and the nutshell are separated at the farm. The fiesh is dried in a
copra kiln, the shells being used as fuel, after which the ash is scattered on the
plantation. Besides wages, the fertilizer input is the main item of expenditure,
amounting to 28 per cent of the total cost. Palms with a low yield, of less
than thirty nuts a year, are interplanted with new palms, and chopped down
as soon as the new palms begin to produce. There is a high degree of specializ-
ation. Permanent labourers are employed for weeding, transporting, and
processing. Harvesting is done by outside task workers.

We may summarize the essential characteristics of coconut-palm estates
as follows:

(1) The intensity of land use in coconut-palm estates is lower than with
other tree crops. In the case study in Table 8.13, gross returns amount to
$165 per hectare.

(2) In addition, we have to take into account that the lapse of time between
planting and the first and the full crop is particularly long. Traditional
varieties take eight to ten years before the first crop is picked. The full
yield can only be expected after fiftcen years. The economic cropping time
then may well extend to over fifty years.

(3) Cultivation requires comparatively few workers. The average figure
for Ceylon is 20 man-equivalents per 100 hectares of coconut-palms,
which is Jower than is noted in the case study (Lim 1965, p. 121). Labour
costs are nevertheless the most important item of cost, because few other
inputs are required to run a coconut-palm estate. There are no peaks in
labour demand. The main work, harvesting and preparing the nuts,
occupies about 60 per cent of the total abour and is spread over the whole
year.
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When estates establish plantations, they have to reckon with high costs,
amounting, according to Piggot (1964), to $750--2C00 per hectare, largely
because of the long lapse of time between plantii , and the first harvest
when the plantation has to be maintained without yield. The capital input
is consequently high in relation to output and employment in rnature
plantations, but the day-to-day running of the estate requires little capital.
The replacement of old palms is, compared with the costs of new planta-
tions, relatively inexpensive, because young palms can be intezplanted in
old stands to replace them gradually and without & break in production.
Even the processing facilities, copra kilns, do not require a high financial
input. The size of kiln may vary according to estate production, so that
estate size does not depend on the capacity of the processing facilities.
(4) Estates usually carry pure stands, the soil being kept frce from bush
by slashing or cultivation. Coconut plantations in high-rainfall areas,
however, lend themselves to mixed cropping or intergrazing, and this need
not reduce nut yields provided the interplanted crops do not compete for
water and nutrients. Thus interculture has to be restricted to seasons with
high rainfall, and the crops have to be fertilized. Cashew, mangoes,
bananas, pineapples, and various arable crops, like manioc or rice, may
be found intermingled with coconut-palms. Grazing under coconut-palms
is extensively practised in Ceylon and in the south Pacific. Fox and
Cumberland (1962) report from an estate in Samoa that Mimosa pudica
as a fodder crop under paims may carry 2} livestock units per hectare.
(5) Considerable technical advances have been achieved in growing coco-
nut-palms, as in the case of most other tree crops. New varieties, which
yield after as little as six years, and which produce 2000-3000 kilograms of
copra per hectare of mature palms, are now available. Fremond wrote in
1968 about Ivory Coast: ‘We know that yields of definitely even more than
3000 kilograms of copra per hectare, with nut-producing after 4 years,
perhaps even less, arc henceforth possible.’

(b) Coconut-palm smallholdings. Coconut-palms lend themselves to small-
scale production and are mainly grown in smallholdings. They are suited to
interculture, almost all the operations in coconut growing are perfermed by
manual labour, and there is no problem of overcropping as with rubber. The
uses of the coconut are many and diverse, including copra, fresh nuts, fibre,
fuel, leaves for roofing, and sap for beer. The dependence on large-scale
processing facilities is not very pronounced. The main advantage of small-
holder production arises from interculture in the early stages of plant develop-
ment, which makes it much cheaper to establish stands of coconut-palms
than in estates, where the young stand must be weeded for eight to ten years
before harvesting begins.

Table 8.15 shows the farm-management data of three smallholdings with
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coconut production. In all three cases, coconuts are not a major cash crop,
but are primarily grown for househcld consumption, while rubber and rice
are mainly grown for cash. Another striking feature is the preference for non-
farm work. In two cases, family members are employed outside the farm,
and hired labour is employed for the farm work. All three major crops grown
in the holding—coconut-palms, rubber, and rice—lend themselves to task
work, which can be carried out without much supervision by the farmer.

8.7. Wealinesses of farming systems with perennial
crops

The natural production conditions of the humid tropics are particularly
good for the cultivation of perennial crops. Consequently, problems in pro-
duction are not primarily due to the natural conditions and the inherent
characteristics of the various crops, as is the case with rain-fed arable farming,
but to the socio-economic organization of the production process. Both major
types of exploitation, smallholdings as well as estates, show certain weak-
nesses, which may be sumimarized as follows:

8.7.1. Weaknesses of smallholder farming with perennial crops

Perennial crops require a high input of labour and relaiively few material
inputs, which would indicate that they couid be grown more economically in
smallholdings than in estates, where labour is more expensive. Experience
shows further that tropical smallholders are usually very skilful in choosing
optimum crops, crop sites, and crop mixtures. They are, however, inherently
weak in husbandry in comparison with the performance of estates. Land,
labour, and capital would frequently bring much higher returns if perennial
crops were properly taken care of. Lack of proper husbandry is often accom-
panied by mixed cropping and interculture, although it is certainly not a
necessary feature of these practices. Farmers on Taiwan show convincingly
that very high levels of husbandry can be attained with interculture. However,
few smallholders in the tropics cultivate their perennial crops at similar high
standards. As a rule they can hardly be induced to cut down old fruit trees.
Weeding, bush clearing, and mulching are neglected in many cases. Pruning,
which is not heavy work and offers much latitude in timing, is carried out
negligently if at all, and this in spite of the fact that seasonal underemploy-
ment prevails. The list of short-comings in husbandry could easily be expan-
ded, but it is much more difficult to explain why most of the smallholders are
poor in husbandry. There is certainly no single reason, but rather a host of
possible explanations. Those most frequently put forward by the farmers
themselves include the following:

(1) The production of seedlings is usually a specialized task that can
herdly be carried out efficiently in smallholdings. Optimum sruallholder
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development consequently depends on specialized nursery producers
supplying the seedlings and the necessary loans.

(2) Smallholders almost invariably say that husbandry falis short, even
of their own standards, because of peak demands in labour and lack of the
necessary cash for equipment.

(3) Some difficulties are due to the length of the vegetation cycle of peren-
nial crops. A smallholder usually inherits or acquires a mixed stand of
trees and shrubs of varying age and not planted in rows. Replanting in
rows in one part of the plot after the other is difficult to organize. Infilling
is a much more convenient way, but perpetuates a shrub and tree garden
where yield-increasing innovations are difficult to apply.

(4) Other losses in yield are due to the relatively short time-horizon of
smallholders. Practices that reduce the total yield of the perennial crops
but bring about early returns, like heavy interculture in young piantations
and carly tapping of rubber, are often preferred, because smaliholders
more or less corsciously reckon with higher discount rates than do estate
owners,

(5) In many cases, husbandry is poor because the returns fror an addi-
tional hour of work are not considered worth the additional effort. Most
smallholders are still inhibited by the idea that their soil is not good, that
the climate is adverse, that improved practices would not work, and that,
consequently, increased efforts are not worth while. Because of this attitude,
husbandry is generaily poor, and poor husbandry results in low returns
per hour of work, which again leads to even poorer husbandry.

Although these and many other arguments are valid, it is nevertheless
clear that they do not afford a complete explanation of the lack of proper
husbandry. If labour were indeed the main limiting factor, it should express
itself in high marginal returns and the existence of a significant relationship
between the labour available and the gross returns. This is not usually the
case, however. The shortage-of-labour argument often offers no rational
explanation, because a small but properly cultivated area probably yields
higher returns per hour of work than larger, neglected fields. The small but
significant number of better farmers who work more intelligently shows that
with less effort per unit of output, but with greater care, more money can be
earned. Moreover, those smaltholders who are not willing to take on addi-
tional work can usually employ seasonal labour for fairly low wages.

It would seem that the main reason for poor husbandry is not any objective
factor, but primarily a lag in cultural adaptation. Smaltholders in many parts
of the tropics, in particular in Africa, experienced within a few decades the
change from shifting caltivation with temporary homes to sedentary farming
with perennial crops. Shifting cultivators know how to adjust to changing
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natural conditions, and so in this respect smallholders are very knowledge-
able. But they are less well prepared for the tasks of transforming natural
conditions by conscious human effort and of improving yields by the proper
maintenance of the plants—something that farmers with centuries of land
shortage or decades of cash cropping behind them have learned how to
handle. The quality of the husbandry found in especially worthwhile cash
activities, and in areas that have had a land shortage for a very long time,
indicates the starting points for better husbandry:

(1) there must be a very strong incentive in the form of a high cash return
per hour of work; or

(2) there must be a serious, long-term land shortage, which leaves no
choice but to take care of plants, soils, and animals; or

(3) there must be production under close supervision.

The fact that most plantations are poorly husbanded may be considered an
indication that, as a rule, neither the pressure nor the incentive has passed a
certain threshold value required to get the smallholders on the way to proper
husbandry.

The fact that peasant production can still compete with estates, despite
obviously poor cultivation and husbandry techniques, is explained by the
cheapness of production and the lower susceptibility to risks. Investment in
an estate consists of the cost of:

(1) the factory;

(2) the establishment of the plantations;

(3) workers’ houses, a hospital, roads, etc.; and

(4) bridging the initial period when there is no yield.

The advantage of peasant production is that the financial outlay is low apart
from building the factory, or can be raised by the farmers themselves. Small-
holdings have no production overheads. The recurrent cost schedule is
different, since up to a certain level most of the labour that is employed is
either unpaid fam'y labour or receives far less than the rates laid down by
unions that apply tc estates. Instead of having to pay back interest, a family
is prepared to forpy the full income from the land until permanent crops
produce yields. But it is not just a question of different demands on cash, or
of the availability of labour that can scarcely be employed anywhere else;
the whole situation is different as far as costs are concerned. A large-scale
estate must bear the costs of clearance work, whilst in the family holding the
land is in any case cleared to grow subsistence crops. It costs little extra to
plant seeds or to set plants of a future perennial crop in the cleared land. The
mixture of perennial crops with arable crops in the early years bridges the
period when there is no harvest, A plantation that competes with arable
crops grown on the same land certainly does not produce the same yield as
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a pure crop, but it is comparatively cheap and simple to set up.! These
combined benefits give the smaltholder a distinct cost advantage.

8.7.2. Weaknesses of the estate economy

The farm-management advantages of growing perennial crops on a large
scale do not lie chiefly in the labour economy. The use of labour-saving
equipment and transport is important only with perennial field crops like
sisal or sugar-cane. The competitiveness of estates growing shrub or tree
crops with the farmer’s cheap production methods is based mainly on:

(1) the rapid and consistent use of technical advances in plant production;
(2) the more efficient organization of delivery of the crop to the processing
factory;

(3) the more efficient processing of the product; and

(4) the better access to markets and capital.

Most managers of large-scale holdings, particularly the employees of large
plantation companies, take advantage of modern technology. They harvest
larger quantities per hectare and the yield is of considerably better quality.
The processing of the crop is better, and results in a quality product that can
be sold at higher prices. Moreover, by-products and residues are used more
efficiently. All told, a return or income per hectare and per worker is obtained
that is often higher than that of a smallholder. Estates, therefore, produce a
high, taxable income. In addition, the proportion of the income charged as
tax is much higher than in the case of smallholders.
On the other hand, there are a number of disadvantages:

(1) The estate cconomy is exposed to high risks and uncertainties. Estates
have to meet high interest charges on borrowed capital. The production is
usually devoted to only one crop, and a shift in emphasis froni one crop to
another is a long-term business. The return from estates fluctuates widely
because of natural hazards, for example wind damage with bananas, and
because of changing prices on the world market. In the developing coun-
tries, the private-estate economy is threatened by nationalization, which
acts as a barrier to investment. Semi-commercialized smallholdings are
much better protected from risk: subsistence is guaranteed by cropping
plants for immediate consumption, the proportion of the overall costs
paid in wages is low, and there is normally no political danger.
(2) Estates with perennial crops depend on an ample supply of cheap
labour. The fact that the tropical countries can supply plenty of cheap
labour is one of the reasons why large-scale estates with perennial crops
! Thus in Kenya the cost of establishing a large-scale coffee estate before the first yield
is $750 per hectare, whereas the research of MacArthur (1966) in neighbouring small-

?oldings shows a cost of $437 per hectare (including the wages for workers belonging to the
amily).
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were established there, and explains their power to compete with products
from temperate climates or products from the chemical industries., Rising
wages, which are spreading with the organization of unions, hit large-scale
estates with perennial crops very hard, because operations can be mech-
anized only with great difficulty or at unfavourable rates of substitution.

*Smallholdings operate with family labour and local seasonal workers,
who are prepared to accept wages disproportionately lower than those of
estate workers.

As risks in the marketing and political sectors increase, and as wages rise,
smallholdings are becoming more competitive than large-scale producers,
particularly with perennial crops rather than arable crops, which are more
amenable to motorization and mechanization. Naturally this general state-
ment needs to be qualified in individual cases. The various perennial crops
and advances in agricultural technology differ in their suitability for large-
scale or small-scale production.

As a rule of thumb, estate production is more competitive than smallholder
production:

(1) When the production process is technically demanding. Where this is
the case, the difference in yield between estates and smaliholdings is likely
to be particularly great, and this is especially the case where cultural change
among the smallholders is slow.

(2) If the produce of the land is bulky, requiring high transport custs.
Here, the processing factory should preferably be located on the holding,
with the fields as close as possible.

(3) Where the produce is perishable and has to be delivered for processing
or sale in large quantities of even quality at defirite times.

8.8. Development paths of farming systems with
perennial crops

There is a great deal of scope almost everywhere in the tropics for increase
in the plantation area, in particular to replace shifting and semi-permanent
cultivation. Increases in area depend only partly on capital, labour, and
technical information. Plantation establishment—both in smallholdings and
in estates—is largely a function of prices and price expectations. However,
perhaps even more important than the scope for extension in area are the
numerous possibilities of increasing output per hectare. The following con-
siderations are among the most important.

8.8.1. Increased application of technical innovations

Organized agricultural research in the tropics began with perennial field
crops like sugar-cane, progressed to arable crops and shrub crops, and was
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concerned only at a relatively late stage with tree crops. Growers are now in
a position to reap the benefits of a great number ot breakthroughs, particu-
larly with tree crops. With traditional varieties, 30 per cent or less of the
shrubs or trees produce 70 per cent and more of the crop. The development of
high-yielding varieiics and clones has significantly changed the picture. With
various tree crops a doubling of yieids is within reach. In addition, numerous
other agronomic innovations are in the process of being introduced. They
are summarized by Webster and Wilson (1967, p. 217) as fallows:

(a) the use of improved planting material, select=d to give high yields of good
quality produce, but possessing good secondary characteristics;

(b) cheap and practicable methods of propagating the improved planting material
on a large scale;

(c) efficient transplanting and early care of the young trees, in order to obtain a
full stand of plants that grow vigorously and reach the productive stage as quickly
as possible;

(d) good horticultural practice in respect of such matters, as spacing, shade
management, windbreaks, pruning, etc.;

(¢) methods of soil management, including soil conservation, cover crops, weed
control, mnulching and manuring, which will maintain soil fertility and sustain
high yields;

(f) control of pests and diseases; and

(g) improved methods for the exploitation of the crop, such as modern techr:‘ques
of tapping and yield-stimulation in rubber, or the use of synthetic growth sub-
stances to induce early and uniform fruiting in pineapples.

The relevant economic aspect of these innovations is that rising wages can
be absorbed vy higher yields per hectare. In many cases the quantity of pro-
duct required for the processing unit may in future be produced more
economically on a fraction of the original land. The remaining land then
becomes available for other uses.

8.8.2. From mixed cropping 1o pure stands and interculture

Yield-increasing innovations are best applied in pure stands, where they
may be adapted to the special requirements of the crop. Mixed cropping is
a handicap to mechanization alsn. We may assume, therefore, that mixed
cropping is likely to decline. However, where land is scarce but where labour,
capital, and technical knowledge are relatively plentiful, we can assume that
various forms of interculture il be extended and intensified. This trend is
seen clearly in Taiwan for example.

8.8.3. From holdings with one cash crop towards diversified commercial produc-
tion

The tendency towards pure stands in order to apply effectively innovations

specifically suited to one plant need not necessarily result in monoculture.

This may be true of some perennial crops, but it is certainly not true of all.
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In high-potential areas with high population densities, it is much more likely
that production development will lead to even more diversified oldings.
The introduction of intensive animal husbandry is of particular importance
in this connection.

The development of Kikuyu agricultuie, as depicted in Table °.16, are a case in
point. Originally, shifting cultivation with millet, maize. and ocans prevailad.
Increasing population pressure led to semi-permancnt and perraanent farming,
reduced available grazing, and resulted in a process of involuticn. The efforts of the
Swynnerton Plan brought a sweeping change in the farming systems. Coffee and
other cash crops were introduced. Commercial milk production with grade cattle
began, and some leys were established. Tea production, hybrid maize, potatoss,
and the application of mineral fertilizer were already spreading in the mid-sixiies.
It might well be expected that the impetus in smallliolder development, which began
with coffee, would facilitate the introduction of further innovations such as fodder

growing and zero-grazing.

TABLE 8.16
Evolution - { the farming system in the Kikuyu districts of Kenya
Type of Croppin Livestock .
Year fa{l:ning paltlz?n ; economy Land rights
About 1860  Shifting Maize, beans, ~ Ample grazing, Ample land,
cultivation mixed cropping  Zebu cattle, rights of land 15¢
oats
About 1920  Semi-permanent Maize, beans, %imitcd grazing, Limited land,
cultivation sweet potatoes,  Zebu cattle, rights of land use,
mixed cropping goats communal
grazing
About 1950 Permanent Maize, beans, Roadside Rights of land use,
cultivation sweet potatoes,  grazing, mainly  most communal
banana, wattle  goats, some grazing turncd
Zebu cattle into individually
cropped plots
About 1960  Permanent crops Cofice, maize,  Roadside Private property
+ permanent beans, sweet grazing + some rights; land can be
cultivation - potatoes, grade cattle leased and
some ley banana, potatocs mortgaged
farming vegelables,
pincapple, leys
Estimated Permanent crops Cofles, tea, Gradc cattle, Private property
expansion path + permanent  beans, hybrid ~ mostly zero- rights; land can
for 1980 cultivation +  maize, sweet grazing, poultry  be leased and
some sprinkler  potatoes, pigs mortgaged; an

irrigation

potatoes, fodder

grass, application

of mineral
fertilizer and
stabje manure

active land
market

This table is nothing more than a rough guide to ths developments which took place and
which are expected in the Kikuyu areas. See Ruthenberg (1965, p. 217),
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8.8.4. Increasing importance of perennial food and fruit crops

Bananas are one of the staple foods of tropical cultivators. With increasing
population densities and with increased cropping on sloping, easily eroded
land, it might well be expecied that bananas, in particular cooking bananas,
will gain in area and economic importance. Industrialization and urbanization
might also specifically favour fruit trees. Firstly, there is the influence of the
market, demanding citrus, mangoes, papayas, bananas, etc. Secondly, there
is the tendency for people living in mixed rural-suburban communities to
plant fruit trees, coconut-palms, and bananas in their extended gardens.
Tree plantations are particularly favoured by part-time farmers.

8.8.5. Integration of estate and smallholder production

Of particular interest are the tendencies to combine in ‘nucleus-estate’
projcets the advantages of estate production—the rapid application of innova-
tions in production and processing—with the advantages of smallholder
production-—the low labour costs in plantation development and the small-
holder’s preference for investment in tree or shrub crops. Schemes of this
nature show a promising start with oil-palms (Malaysia and Ivory Coast)
and tea (Kenya). The idea is that commercial estates are surrounded by a ring
of smallholders, who obtain credit, advice, material inputs, machinery, and
markets through the scheme management and who are subject to close super-
vision in their husbandry practices. Nucleus estates, combined with super-
vized smallholder production, seem to be a major alternative to the dualistic
plantation-simallholder economy that still prevails in extensive parts of the
tropics. It is likely to be more popular because:

(1) capital costs are lower than with state-financed estate development;

(2) production is less sensitive to rising wages and labour unrest; and

(3) projects of this nature are in line with the political philosophy of
nunerous countries,
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9.1. Definition and geographical distribut.on of
grazing systems

STOCK-KEEPING in the tropics as the main activity of any enterprise or house-

hold is more or less confined to various types of nomadism and to ranching.

(1) In total nomadism, the animal owners do not have a permanent place
of residence. They do not practise regular cultivation, and their farnilies
move with their herds.

(2) In semi-nomadism, the stock owners have a permanent place of
residence, which is kept for several years. In the vicinity of the residence,
supplementary cultivation is carried out. Semi-nomads usually travel for
long periods of time with their herds to distant grazing arcas. The hus-
bandry practices of partial nomads, i.e. of farmers in permarent settle-
ments, who live mainly by arable farming but who own cattle grazing on
the communal land, are similar (see §4.3.4).

(3) In ranching, stationary animal husbandry organized according to
commerciz! principles is practised on large stretches of land.

In all these types of land use, the stock-keeper has to adapt his stock to the
fodder produced by the natural vegetation. Climate, soii, vegetation, and
animals form an integrated system, which the stockman, if he wishes to
operate profitably, can influence only indirectly through such matters as the
way he keeps his animals, the composition of the herds, animaj density,
times of grazing, and other considerations. Such considerations are especially
important in dry regions, where the rainfall is not sufficient for arable
cropping or tree crops, for example in the marginal zones of the Sahara and
the semi-arid regions of Australia and East or southern Africa. Nomadism
and ranching in the humid savannas, on land that is 2lso suitable for arable
farming, are practised principally in areas with low population densities, as
in Madagascar, for example, or in various parts of Latin America,
Commercial ranches are almost always very large. The establishment of
extensive holdings with permancnt stock-keeping was considerably helped
by technical advances in fencing, water supply, and vehicle transport, and
holdings of this kind are found principally in America, Australia, and various
parts of Africa. The common aim of ranchers is the conversion of naturally
252
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grown herbage into marketable produce, and this objective is achieved by
employing small numbers of people for large herds of livestock. In subsistence
herding, on the other hand, large numbers of livestock are kepi by numerous
households, and the aim is above all to transform the energy stored in grasses,
herbs, and shrubs in the tribal area into a regular supply of food.

Rainfall is the primary factor determining indigenous ways of using grass-
land (sec Table 9.1). Where there is less than 50 millimetres averag: rainfall

TABLE 9.1

Types of indigenous stock-keeping in the tropics

Rainfall (mm per year) Prcdominant type of farming Animal mainly kept
Under 50 Only occasional nomadic stock-keeping Camels
50-20. Nomadism with long migrations Camels
200-460 All types of nomadism, transhumance, and  Cattle, goats,
suppl=mentary arable farming sheep
400-600 Sem:-nomadism, transhumance, and par-  Cattle, goats,
tial nomadism, with stronger emphasis on shezp
arable farming
600-1000 Transhumance and partial nomadism-— Cattle

any semi-nomadism is mostly the result of
ethnic tradition
More than 1000 Partial nomadism and permanent stock- Cattle
keeping—any semi-nomadism is mostly the
result of ethnic tradition

per year, which means in effect no rain at all in many years, we find only
occasional visits by nomadic herds, but in the semi-desert and the dry
steppes, with between 50 and 200 millimetres of rain, there is usually system-
atic nomadic grazing with camels, such as is found, for example, in the
Sahara and northern Kenya, Where there is a rainfall of 200-1000 milli-
metres, semi-nomadism and partial nomadism are of much greater economic
importance, and we find this kind of economy chiefly in the African savannas.
Where there is a higher rainfall, permanent stock-keeping is a better economic
proposition, and semi-nomadism where the rainfall is more than 1000 milli-
metres is a matter of tribal tradition rather than the only practical form of
jand utilization that conditions will allow.

Animal densities in grazing economies fluctuate greatly according to place
and type of farming, In areas with a rainfall of 50-100 millimetres, 50 hectares
and more are needed for one livestock unit (the equivalent of one cow or
seven sheep). In regions with 200-400 millimetres, the requirement is often
10-15 hectares, and where there are 400-600 millimetres 6-12 hectares are
necessary. As the rainfall increases and is more evenly distributed, and
farming becomes more intensive, the animal densities increase. Grass grows
very extensively in tropical grazing areas where there is a high rainfall of
1000-2000 millimetres a year. Where high rainfall coincides with an even
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distzibution of rain, such as occurs in some areas of Central and South
America, animal densities of up to one livestock unit per hectare are possible.

9.2. Total nomadism
9.2.1. General characteristics of total nomadism

Total nomadism is usually carried on under decidedly marginal production
conditions, or where it is not worth trying to overcome natural difficulties by
applying cultivation techniques. The basic principle lies in as much adaptation
as possible to natural conditions. From the point of view of agricultural
evolution, nomadic stock-keeping belongs to the same primitive category as
shifting cultivation, but this Fy no means prevents the type of adaptation
being an extremely complex and carefully calculated system.

The nomad’s animals have to keep moving because water and fodder are
not sufficient for them to be kept permanently in one place. A consequence
of the animals’ movement is the movement of the household, since the people
live directly off animal products, particularly milk, and they are thus obliged
to stay near the herd. This permanent migration precludes regular arable
farming. The nomads’ production is not tied to onc particular place, since it
comprises only animals and the implements necessary for animal-keeping.
The pastures grazed by the animals are either freely available to all the
members of the tribe or the group, or the nomads have to rent them.

The nomads who practise horizontal migration, as in tac Sahara or Arabia,
chiefly keep large animals (camels) and trek with their animals to where rain
falls and fodder grows. On the other hand, there are nomads who practise
vertical migration. They are rare in the tropics, although typical of nomadism
in the subtropics of the northern hemisphere, where people who possess
principally sheep and goats migrate to the various altitudes that temporarily
carry fodder. Their routes are mostly shorter than those of the nomads of
the plains, since the seasonal growth of fodder at various altitudes helps to
ensure an cven supply.

Nomiadic groups operate chiefly in areas with little access to a market, and
aim at diversified production in order to cover personal consumption as fully
as possible. They have only one line of production, namely stock-keeping,
with the result that this activity has to perform a disproportionate number of
roles compared with that of any single activity in arable holdings or com-
mercial stock-keeping. It has to provide:

(1) milk and meat for the houschold;

(2) wool and skins for the houschold;

(3) dung for fuel;

(4) mounts and pack-animals; and

(5) cash products to pay for the purchase of crop foods, other plant
products, and non-agricultural consumer goods.
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These aims of stock-kecping must be fulfilled as regularly as possible, because
storage presents much greater problems to a nomadic than to a stationary
household. ‘The natural conditions in a dry climate favour specialization in
animals such as camels and sheep, which are capable of tolerating heat and
trekking long distances. But the various needs of the houschold mean that
the dominant type of animal is often supplemented by horses, mules, and
urkeys for transport, and by goats, hens, and sometimes cattle "or a more
diversified food supply. Cattle require a good deal of water and fodder and
are not so mobile as camels or sheep, and for these reasons they are not
characteristic of total nomads but of semi-nomads and the stationary popula-
tion. The nomadic household depends especially on a regular supply of milk,
which is the staple food. The importance of the continuity of food supplies in
nomadic systems is so emphasized that live-animal products (milk and blood
tapped from live animals) are the ones most utilized, with terminal products
(meat and the blood of slaughtered animals) being mainly consumed only on
special occasions (Dyson and Hudson 1969, p. 76). Thus animals like the
camel, with a long lactation period, are preferred, for the female camel
supplies about 2-4 kilograms of milk daily more than is needed by a calf
during a 12-18 month lactation period (Capot-Rey 1962, p. 3¢3; L. H.
Brown 1963, p. 9; Schickele 1931, pp. 35 ff).

To ensure that animals, and particularly lactating animals, have a fairly
regular supply of fodder, the nomadic household treks after the available
vegetation, the camp being shifted as soon as the fodder in its vicinity is used
up or becnmes too dry. The nomad is by no means always on the move, but
his mode of living and farming is characterized by a frequent change of camp,
which in turn makes it practically impossible to crop fodder. There is in any
case no permanent base at which to store fodder reserves, so that when and
where fodder is scarce the shortage is overcome only because the nomad
selects and breeds animals with greater ability to store fat, as portable
reserves in the animal’s body, and to travel long distances, so that areas with
little fodder can be crossed.

The aim in breeding is not so much a high yield of meat, wool, or milk per
animal as a high level of resistance to trekking, drought, heat, cold, disease,
and periodic shortages of food. Advances in breeding geared towards in-
creased output per animal and requiring improved animal feeding can
scarcely be applied by nomads, who have to be prepared for a high production
risk, particularly because migration leads frequently to the spread of animal
diseases whose control is made more difficult by the need to travel. There are
no stables or shelters to protect animals from extreme weather conditions,
theft, or predators, and stock losses during droughts with extreme shortage
of fodder and water are particularly serious. Experience shows that most
nomads can expect that at irregular intervals a iarge proportion of their
animals will die.
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Because of the high production risks, the nomads try to accumulate herds
that are as large as possible. The production aim is not financiai gain, but
rather the supply of household needs, provision against possible emergencies,
and increase in social status, which rises in proportion to the number of
animals owned. Nomads frequently have, in their livestock, assets of con-
siderable value, but these cannot be regarded as economic capital, only as
hoarded wealth. Livestock do not represent or indicate wealth: they are
wealth. Moreover they are a means of social fulfilment and personal satisfac-
tion, whereas comparable satisfaction cannot be obtained through money
(Dyson and Hudson 1969). The society of the nomads is not organized on
egalitarian principles, such as we often find among arable farmers, but is
structured according to the number of animals owned. The possession of
animals is by no means evenly distributed amoung the families of a tribe.
Normally 10-30 per cent of the families own 60-9C per cent of the animals.
On the other hand, the natural conditions of production make it possible
for the poor to acquire animals and rise in the social scale. For the wealthy
nomad there is little sense in migrating with very large herds. A frequent
change of camp would be necessary, and to avoid this it is usual for the
owner of a large number of livestock to copy the practice of arable farmers in
adjoining areas and have his animals tended in groups of limited size by
herdsmen, who are paid with a proportion of the young animals.

The investigations of ethnologists and geographers give us an idea of how
nomadic stock-keeping is organized, and the following example is an inter-
esting case. For an informative study of nomadism, see Schinkel (1970).

9.2.2. A case study: camel nomads in the Sahara

The nomads of the Sahara, of whom Chapelle (1957) gives a vivid picture,
live mainly by grazing camels on pastures that receive less than 150 milli-
metres of rain a year. The families each own four to {ifteen camels, and in
some cases even more than thirty, according to their level of prosperity. In
addition they keep a few hens, sheep, goats, donkeys, and, in the marginal
areas with more rain, cattle. In summer they migrate southwards, following
the rainfall, and in autumn they go northwards. camping at watering places.
Journeys of 150-220 kilometres are commou, an< are carried out at night,
but when there is little fodder available they trave! twice as far. In southern
Algeria and in the Fezzan, the camel nomads normaiiy trek 500 kilometres a
year, and in extremely bad years even 700-800 kilometres.

How the pasture is grazed in the catchment arca of .. watering place depends on
the distance the various types of animal can travel, so that grazing zones are formed.
In the hot season, camels need to be watered only every two or three days, and in
the cool season only every two to three weeks.! They are remarkably tolerant of

1 Webster and Wilson (1967, p- 337) write in this conncction: ‘During the northern
winter, or rainy season, the moisture content of the trees and bushes browsed by the
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water with a high sodium and magnesium content, They rarely stray, and can
defend themselves against small predators like jackals, and, therefore, when they
are not needed near the camp for milk or as pack-animals, they graze in herds of
thirty to forty at distances up to 80 kilometres from the camp. Where there is no
danger of theft, camels are left to themselves, and thev are therefore able, without
any use of labour, to eat fodder that cannot be reached by other types of domestic
animal because of the long distance from water. Table 9.2 illustrates the input and
return of camel-keeping in Egypt, where, on account of the proximity of markets,
favourable prices are obtained. According to the estimates of Alwan (1968), a
family with ten camels would have a gross income of $327. Shepherds' fecs are a
cost item only for those who own large herds.

TABLE 9.2

Gross and net annual cash income from 100 head of camels in Egypt

Gross return ($)

Sale of young camels (20 at $103) 2058

Culling sale (12 aged camels at $91) 1097

Hair, hides, etc. 114
Total gross return 3269
Expenditure ()

Shepherds’ fees 823

Watering costs 9l

Miscellaneous 69
Total expenditure 983
Net Cash Income ($) 2286

Note: E t = §2.29,
Source: Alwan (1968, p. 33).

Where cattle zre kept, they too may graze in complete freedom, but only up to
4-8 kilometres from the watering place. In the hot season, cattle must be watered
twice a day, and in the wet season every two to three days. Pastures that are a long
way from the watering place cannot therefore he used by cattle. Goats and sheep
graze close to the camp, but, since they terd to stray, and since they cannot defend
themselves against jackals, they arc guarded by day and put in kraals at night.
Goat-keeping in this system involves an incipient form of feeding, since it is normal
practice for the herdsman to lop branches off certain trees and to throw them onto
the ground for the goats to zat.

The nomads of the Sahara who keep large animals supplement their income from
stock-keeping by collecting ed™le fruits and by hunting. Some species of gazelle
can live without access to water, since they extract the moisture they need from
fodder, so that by hunting the gazelles the nomads are able to make use of pastures
beyond the range of their own camels.

Nomads in general are reluctant to become settled, which is the prerequisite of
arablc farming, but on the other hand they do need crop food. A household of five
peo. requires about 300 kilograms of gra‘n and 500 kilograms of dates annually.

dromedary is quite sufficient to supply the total water r>quirement of the animal, and water
may not be drunk at all during this period. In the dry season the vegetation is desiccated
and extra water, over and above winter requirements, is required for heat regulation.’

18
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The need to obtain grain without spending cash leads to various combinations of
arable farming and nomadic stock-keeping:

(1) Millet is sown here and there in damp hollows, without soil prcparation.
After sowing, the nomads move on and rcturn at harvest time, which means that
they practise a form of shifting cultivation without implements.

(2) Nomads employ settled workers whose ancestors were subjugated dependants
and who cultivate arable crops for them.

(3) In the marginal areas of their territory, the nomads frequently own land that
can support arable crops, and they hire it out in return for payment in kind.

Trade and transport between arable-farming arcas and oases are a further source
of income. The oasis dwellers produce dates but have to buy grain, meat, and skins,
whereas the arable farmers need dates and can supply grain. Finally, the nomad
exchanges his animal products for the oasis dwellers’ dates and the arable farmers’
grain. At the same time he provides them with transport, and thus he is engaged in
transport and trade as well as in stock-keeping.

9.2.3. Weaknesses of total nomadism

Nomadism allows the use of arzas of land that could not be used by a
perman-~: population without motor transport and a system of ranching.
Compared with the rancher, who must invest large sums in tracks, vehicles,
fencing, and watering places, the nomad opcrates at a low level of expenditure
and produces cheap animal products. Total nomadism represents therefore
an agricultural system that is adapted to a pre-technical situation, and that
might still be considered the best economic choice where price conditions
and natural conditions do not justify investment in ranching. Total nomadism,
however, is rot open to the opportunitics of technical progress that are
available to ranchers, It is technically difficult and expensive to keep a check
on the health of wandering herds, and cross-breeding with more productive
types causes more harm than good if the fodder basis is not modified. Because
of the marginal naturc of the nomads’ territorics, it is scarcely worth their
while to try to improve the feed situation by cropping fodder, sowing more
productive gracses, and rotating the pasture.

Static production techniques in total nomadism contrast, however, with
economic and social changes in and around the area where they live. This
presents the nomads with 2 number of problems, which include:

(1) Diminishing grazing areas, because arable farming is spreading into
the peripherai zones.

(2) Loss of pasture in arable-farming areas, because a rapidly expanding
arable-farming population is practising stock-keeping on an increasing
scale.

(3) Loss of income because the motor vehicle is competing with traditional
animal transport—the use of draught cattle and tractors reduces the sale
of draught camels, and in many places prices for draught camels have
dropped to a fraction of their former level.
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(4) Loss of income because urban traders are competing with the nomads
in their traditional trading function.

(5) Loss of the political control that they were traditionally able to exert
over entire regions.

(6) The fact that farmers who used to supply the nomads’ need of plant
products are gaining their independence.

(7) The attempts that development administrators are increasingly
making to control the incidence and limit the degree of movements of the
human population, which is one major element of present policy towards
nomads. Movements of herds and herdsmen are, however, almost un-
avoidable in a typical nomadic setting.

The nomads have had to accept a considerable reduction in status, employ-
ment, and income at a time when new requirements have established them-
selves, and the consumption of tea, sugar, and alcohol has become common,
Moreover, the population of nomadic tribes has increased rapidly in recent
times. Measured in terms of traditional methods of land use, their territories
are proving to be more and more ‘relatively overpopulated’.

9.2.4. Development paths of total nomadism

Since nomadism is found mainly in areas where ranching is not a paying
proposition, and since these particular people have little desire for change,
it is usually advisable to leave them undisturbed, that is to say in the ante-
room of economic development. It is particularly difficult and expensive to
make nomadic tribes stationary and to integrate them into a modern eco-
nomy. The natural habitat does not favour the transfer from nomadism to
semi-nomadism or partial nomadism, where herds are concentrated near the
camp, the surrounding pastures are overgrazed, and parasites and deficiency
diseases increase. It costs $6000-15 000 per family to make them stationary
within the framework of irrigation projects. The nomads’ attainments in
arable farming are mostly poor, unless every operation can be closely super-
vised, as in the Gezira scheme in the Sudan, but as a rule there is insufficient
state control and state authority. Nomads are particularly reluctant to farm
small areas intensively, and tampering with water is a thing that they very
much dislike. Experience has shown that nomads can be induced to become
stationary much more easily through mechanized grain cropping than through
irrigation farming. Where this is not possible, tewns and industry offer more
incentives to become stationary than does crop production. Where employ-
ment in non-agricultural pursuits and in arable farming is insufficient to
absorb the nomad population, it is probably economically and socially wise
to let them continue their traditional way of life instead of wasting funds
trying to improve a land-use system that will anyway gradually disappear ir:
the course of economic development.
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9.3. Semi-nomadism
9.3.1. General characteristics of semi-nomadisn

Total nomadism, as depicted in the last section, is restricted to decidedly
marginal climatic zones. Its economic importance, measured in terms of both
subsistence and marketed production, is very slight, whereas semi-nomadism
and partial nomadism, which are practised particularly in the African savan-
nas, are of greater significance. We find stock-keeping, with little -or no
supplementary arable farming, among the semi-nomads of West Africa
(Fulbe), Madagascar (Sakkalaven), or East Africa (Masai, Turkana, Pakot,
etc.). The principal animal kept is the cow, but there are often quite large
herds of goats and sheep. Partial nomadism is =ven more important and
characterizes stock-keeping among those African tribes that practise a con-
siderable amount of arable farming.’

The organization of stock-keeping in the savannas is fairly uniform. The
fodder basis consists of open bush, untended pastures, fallow, and harvest
residues. The herdsmen usually have expert knowledge of their pastureland.
As Allan (1967, p. 4) writes:

They know the feed value of the different grazing-and-browse species, which they
usually distinguish by specific names; and they recognize ecological associations,
or pasture types, and can assess their value and stock-carrying capacity at
different times of year. Masai herdsmen in Kenya and Tanganyika pointed out
to me various species and associations that they regarded as good for supplying
mineral deficiencies, for conditioning animals, for improving the potency of buils,
and for making milk and beef.

They often show great skill in adapting to the growth patterns of different
fodder plants in the rainy and dry seasons and to the different feed values of
shrubs, trees, and grasses. They have exact knowledge of the position, quality,
and capacity of watering places, but they traditionally operate under technical
conditions and with economic aims that result in low output and make the
introduction of technical advances difficult or even impossible.

The livestock have to go long distances to watering places and to pastures, for
at night only a kraal can protect them from wild animals and thieves. This prevents
them from taking advantage of valuable night-grazing time. During the day, the
herds often graze close together, since this provides better protection against wild
animals, but they are consequently almost continuously on the move. During the
rainy season there is plenty of fodder, but in the dry scason there is little. Annual
grass and bush fires reduce the reserves of fodder for the dry season and help to
impoverish plant growth and the soil. On the other hand, burning helps to control
growing bush, to remove old grasses, to stimulate grass growth in the dry scason,

and 10 eradicate parasites, particularly ticks. Firing is therefore a part of the system

! Partial nomadism is further considered in §4.3.4.
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that can scarcely be dispensed with. Most of the extensive tropical grasslands of the
present day are man-made, vy the joint action of fire and grazing.

Animals grow up alternately gaining weight in the rainy scason and losing weight
in the dry season. There is neither the technical nor the economic basis for con-
serving fodder (straw, hay, and silage), nor is there any such tradition. Consequently,
rearing takes a long time. Fodder and mineral deficiencies cause long intercalving

riods, and only about a half of the cows calve in any one year. Moreover, of the
calves that are born only about 50 per cent survive, and in many places even fewer.

A basic feature of semi-nomadism is the tendency to hoard animals—
more possible than in total nomadism because of the better fodder basis—
combined with the communal use of grassland, which allows everyone to
send any number of animals to the tribal or communal pastures. Thus a
tendency to overgrazing, i.e. the maintenance of animals on a piece of land
to the detriment of its carrying capacity, is inherent and particularly obvious
in the system, for the more animals an individual possesses the greater is his
share in the communal pasture. Onc factor inducing the hoarding of cattle
is the high risk of production. In this connection, French (1967, p. 153)
writes:

The retention of aged beasts in the herd is deliberately based on the knowledge
that such older animals have usually recovered from and developed some im-
munity to several diseases. Such older cows may reproduce less frequently than
younger animals but they do provide an insurance against recurrent disasters.
This retention of older animals and of mature males in excess of those required
for breeding or work purposes, together with relatively high mortality rates of
young stock, result in herd compositions which are very different from those in
developed aieas. Any attempt to improve pastures, feeding or management
conditions must be associated with a change in herd compositions if their maxi-
mum productivity is to be realized.

Even more important are the social factors. Cattle are property, and
accordingly they represent variable degrees of wealth, of social status, and of
community influence. They are a man’s legacy to his son. They can be
exchanged to symbolize formal contracts of friendship and assistance. The
transfer of cattie from the groom’s family to the bride’s is needed to validate
a marriage (Dyson and Hudson 1969, p. 78). Herdsmen usually tend to
hoard cattle in order to build a system of human bonds aimed at increasiny
individual security. This may be done in the following ways:

(1) Some of the animals of relatives and acquaintances are kept in a
family’s own kraal and they give some of their animals to other people, so
that in case of diseasc the losses for any one family are not total.

(2) Herdsmen lend animals to a neighbour or relative who has lost his
animals through disease or theft, and thus ensure his help in their own
times of need. The tendency to dispose of animals by lending is encouraged
by the fact that large herds entail a rapid consumption of grass and necessi-
tate long treks.
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(3) The owners of large herds, who in any case do not want to keep them
in one place, lend some animals to poorer members of the tribe, and in
this way guarantee their allegiance.

(4) If a man wants to marry, he has to give cattle to the bride’s father. In
poor families this amounts to one or two, and in rich families to ten cows
and more. If the woman is treated badly by her husband, she can return
to her father without his being obliged to return the cattle. Conversely, the
husband can send his wife back to her father and demand back his cattle
if she behaves badly or if she is infertile. Consequently, both parties have a
material intcrest in the success of the marriage, but equally both are
obliged to hoard animals for some part of their lives in order to meet their
obligations if the case arises.

Thus when an assessment is madr of animal populations, it is crucial to
remember the social role of animals as well as the motive to maximize
productivity. Rotenhian (1968), for example, established in Sukumaland that
40 per cent of the Wasukuma's partially nomnadic animals were tied as bride-
prices of 10-20 head of cattle per marriage. Similar conditions prevail among
semi-nomads.

The tendency to overgrazing is further encouraged by the fact that all
members of the tribe have access to the communal pasture. People who
acquire household surpluses from arable farming, or who work as seasonal
labourers in the mining industry or on the plantations, are therefore inclined
to hoard cattle in order to gain security as well as prestige. Permanent arable
farmers tend to lend cut cheir animals to semi-nomads like the Fulbe in
West Africa. Thus animal-keeping and animal-owning are by no means
identical, and in animal ownership we find particularly sharply inflected
Lorenz curves, which indicates that stock is concentrated in a few famities
(see Fig. 4.4).

9.3.2. A case study: semi-nomadism of the Bahima, Uganda

The Bahima have long-horned Ankole cattle, which graze grasslands in north-
east Uganda, 1000-1300 metres above sea level and with a rainfall of 700-900
millimetres. Their economic position is better than that of many other pastoral
tribes, becausc they have at their disposal land which receives plenty of rain and
for the present is not overgrazed, largely duc to the lack of watering places and a
bimodal pattern of rainfall, which prevents arable farming, In the tribal area only
11 livestock units occupy 100 hectares. In other pastoral regions of East Africa,
where less fodder grows, the animal density is sometimes two to three times as high,
resulting in overgrazing, but the Bahima have as yet been spared the devastating
damage that overgrazing causes.

The animals are the private property of the families. The head of the family
bequeaths the animals to his sons at his cwn discretion, but the pastureland is the
communal property of the tribe, and cvery membger of the tribe can graze as many
animals as he likes. Watering places belong to whoever has dug them for as long as
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they are occupied; orze a watering place is abandoned, anyone can use it. The
herds of the Bahima are comparatively large, and on average a typical family of
ten prople owns fifty-three animals, which are practically alf cattle.

In general, several families live and migrate together. Temporary kraals and
huts are built at seasonal watering places. Where plenty of water is permanently
available, larger and more permanent kraals and huts ‘are built, and are shifted
about every two years. The Bahima have plenty of grass, so they dc not move the
kraals or construct temporary secondary kraals because they are in search of
fodder but becuuse they are:

(1) searching for water;

(2) trying to escape disease through movement; or

(3) complying witl: the custom of abandoning a place where 2n aduit has died
and is buried.

Calving takes place in the rainy season, and normally one hundred cows produce
seventy calves. Most bull calves are slaughtered immediately after birth, so that
there is as much milk s possible for human consumption. Of the calves that the
Bahima try te raise, about 20 per cent die in the first vear, so the( Srom one hundred
cows twenty-cight calves are brought up each year. A family owning fifty-three
cattle of which twenty are cows, as shown in Table 9.3, could have five to six new
animals entering the herd cach year. However, account must be taken of high

TABLE 9.3
Returns in cattle-keeping of the Bahima, Uganda, 1964

Persons per household 10
Stock numbers (LU) 41
Head of cattle 53
MNumber of cows included 20
Area available per head of cattle (ha)* 72
Area available for the total stock (ha)* 383
Economic return per household
Cattle (kg live-weight)® 1700
Milk (kg)© 6000
Blood (kp) 400
€3ross return of cattle and milk ($)? 419
Proceeds from selling® 41
Proceeds from selling as % of economic return 10
- Praductivity
Cattle (LU per 100 ha) 11
Catile (kg live-weight per ha) 45
Milk (kg ha-?) 157
Gross return ($ ha=!) I'1

* The tribe's area of land divided by the number of cattle,

® Including animals which died and which were caten,

¢ In addition to the milk cosumed by the calves,

¢ $0.07 per kg live-weight of cattle; $0.03 per kg milk. There is a market for cattle but not
for milk. Thus the calculation of the return on milk is hypothetical. The holding return
is supplemented by collecting honey and by other minor activities,

* Officially registered sales. As well as these, the herdsmen exchange animal products for
the plant products of neighbouring arable farmers.

Sources: Parsons (1960), Brown (1963).
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losses (5-10 per cent) through discase and accident, which reduce the number
entering the herd to three to five animals a year.

The Bahima live chiefly on milk and meat, and animals that die through accident
or disease are for the most pari eaten. Blood is consumed chiefly when there is little
milk available. For some years the Bahima have been exchanging animal products
for sorghum, legumes, and sweet potatoes from neighbouring arable farmers. A
growing number of men marry women from neighbouring arable-farming tribes,
who are then allowed to lay out gardens and plant crops.

The return of cattle and milk in terms of local prices amounts to $419, but only
10 per cent is actually sold. This is therefore most decidedly subsistence farming.’

9.3.3. Weaknesses of semi-nomadism

Most types of semi-nomadism may he termed economically wasteful. In
comparison with large-scale production con ranches, the productivity per
hectare, per man-equivalent, and per animal is usually low. Where plant
growth has not yet suffered severely from overgrazing, animal densities
are often high, since the stock-keepers know how to maximize the number of
animals on a given area. But where long-term overgrazing has been practised,
the animal numbers per 100 hectares are already smaller than on ranches. In
south-west Africa, for example, the animal densities in reservations are on
average only 75 per cent of those on ranches operating under the same soil
and climate zonditions. However, lower productivity per animal is much
more serious economically than the low animal densities. Whereas on ranches
20 per cent of the animals are normally sold every year, and these are high-
quality animals, the semi-nomads and partial nomads of Africa slaughter and
sell only 6-10 per cent of their stock, and these are poor-quality animals,
L. Brown (1963) goes so far as to suggest that the efficiency in meat and milk
production among the semi-nomads and partial nomads of Kenya is only
one-third of what ranches achicve in the same conditions.

The low productivity of semi-nomadic stock-keeping cannot be attributed
to unfavourable naiural conditions, which is the case among the total
nomads, but is caused primarily by the combination of individual animal
ownership with communal grazing and pre-technical veterinary methods.
The tendency to overgrazing and to neglect of those measures that could help
to increase the efficiency of grazing is rooted in traditional institutions.
Everyone tries his best to maximize his number of animals, and no one feels
it incumbent upon himself to improve the land, since he has to share it with
others. Communal bodies that undertake to organize the use of pastureland

! The situation of the Bahima, as described by Parsons in the mid-fifties, has changed
drastically in recent times. I observed in 1971 that more and more Bahima are turning
to settled housing and plantain cropping. A tsetse eradication scheme has extended the
grazing area and, together with the introduction of dipping, has led to high rates of in-
crease in cattle numbers without overgrazing. Many herdsmen are no longer at sub-
sistence level, but raise cattle for sale. Here semi-nomads have been changed to
commercial producers by a sudden drastic improvement in their situation,
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have not been able to survive, or even to establish themselves. Persistent
vegetation harbours ticks, flies, and worms, while overstocking favours
aridity and reduces the incidence of parasitic diseases. Consequently the
pastoralists, who are not familiar with modern veterinary practices, consider
overgrazing an unavoidable evil.

The combination of these factors leads to the permanent overgrazing of a
large part of the grassland, and a decline in the quality of the pasture sets in.
Perennial grasses with high returns per unit area are displaced by annual
grasses and bush. Areas prone to crosion are grazed without any considera-
tion until the grass and the cover are totally removed. L. H. Brown (1963,
p. 16) describes a district in Kenya as follows:

Baringo District' has reached an ‘overgrazing end point’ where most of the grass
and the topsoil has already gone over largs stretches of country and the ground
is blarketed with thornbush, largely useless to man and beast alike, which cannot
be eradicated without the expenditure of large sums of money...Land in a
35-40 inch rainfall area, once capable perhaps of supporting a stock-unit to
4-5 acres, is now scarcely capable of carrying a stock-unit to 20 acres. . . In the
drier part of the district with a 20-25 inch rainfall, land once capable of support-
ing a stock-unit to 10 acres is now scarcely capable of supporting one to 30-40
... Baringo is a case where the human population, in an attempt to maintain
enough stock for their needs, have already to a large extent destroyed their own
habitat.

A consequence of communal grazing and private cattle ownership is the
so-called cattle cycle. The first stage is a relatively small number of animals,
plenty of fodder, sufficient grazing in the dry season, and a high rate of repro-
duction. With increasing numbers of animals, the fodder supply becomes less
adequate, and there is a particular shortage in the dry season. There is still
sufficient grazing to cover the animals’ needs in the dry season, and the stock
can reproduce, but at more or less regular intervals there is an extremely dry
year, when fodder growth and water are insufficient, causing some of the
animals to die. In the following year the cycle begins again, with fewer
animals, plenty of fodder, and a high rate of reproduction. In some parts of
Tanzania, for example in the Masai area, this cycle seems to take about
ten to fifteen years to complete.

In partial nomadism the damage caused by the inefficient control of cattle-
keeping goes beyond the loss of animals during the dry seasons. In arable
farming with cash crops, a relatively large amount of money is earned, and
it can be assumed that the more successful third of the farmers save consider-
able sums. Some part of these savings are invested in stock and thus are lost
to the nation’s economic capital. In addition there are such developments as,
for example, the ‘cotton cycle’. Cotton cropping brings in considerable
amounts of cash, a part of which is saved and invested in stock. This results
in a concentration of stock in cotton-growing regions, with the simultaneous
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extension of arable farming, The area of pasture per livestock unit decreases
and erosion damage increases. The animal-feed situation becomes worse
than usual. In extremely bad years the result is a loss of animals, which
again stimulates the desire t¢ buy more. Cotton cropping, the way to earn
cash, is extended even further, and the process begins all over again,

In particular, semi-nomadic stock-keeping is characterized by the following
malpractices, which also apply to partial nomadism:

(1) Uncontrolled animal densities, overgrazing, and ercsion damage in
healthy habitats near settlements and at watering places.

(2) Insufficient fodder reserves, and thus an inadequate fodder distribution
over the year.

(3) Hoarding of fully grown or infertile animals.

(4) A lack of information on the means of checking animal diseases.

(5) Long daily treks between the kraal, the pasture, and the watering place.
(6) Low levels of calving and a high mortality rate among calves—the
calves compete with people for the milk from the cow and they are not
fed adequately in the first months.

(7) Daytime grazing, often in the midday heat, instead of grazing at night
or in the evening or morning.

(8) Theft of stock is regarded by several pastoral tribes as an honourable
activity, so that animals have to be driven into a kraal for the night,

(9) Lack of systematic breeding—the camel nomads do carry out planned
breeding, but the semi-nomads and partial nomads allow their cows to
mate with unselected bulls.

New areas for cattle-keeping can be opened up by constructing watering
places, since cattle should be watered twice daily if possible. Grass can be

Fic. 9.1. The size of the
grazing area, showing its de-
pendence on the distance from
the watering place to the kraal.
(1)Wateringplaceat theboma:
large pasture area. (2) Water-
ing place removed: smaller
pasture arca. (3) Watering
place far removed: small
pasturearea. From Groeneveld
(1968, p. 228).

grazed for 4-6 kilometres round the watering place, so the available pasture
is a function of the distance between the kraal and the watering place (see
Fig. 9.1). Since there are few watering places, overgrazing is the result in the
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catchment area. Digging new watering places alleviates these conditions
only temporarily. With little control or management of grazing, the range
deteriorates around the new watering points. Thus there is the danger that
the range depletion is being spread by the measures intended to remedy it.
Meanwhile, demands for additional water development continue to increase
with the steady build-up of livestock numbers and the continuing decline in
carrying capacity aud range productivity. To stop this vicious cycle, and avoid
its predictable consequences, water development obviously must be accom-
panied by appropriate management to maintain range productivity. The
health of cattle must also be maintained, by veterinary means or medsures
to eradicate the tsetse fly.

9.3.4. Development paths of semi-nomadism

In the economic development of regions with semi-nomadism that are not
suited to arable farming, the steps promising to be successful involve:

(1) A change to a different way of earning a living—there are far more
workers than can be sensibly employed in stock-keeping in dry regions,
and the relative degree of overpopulation in the thinly settled dry regions
is mostly greater than in the densely settled, high-rainfall arable regions.
(2) Establishment of organized management of grassland, supported by
veterinary practices.

Whereas the total nomads usually use areas that are not amenable to
commercial methods of farming, the methods of the semi-nomads dissipate
the very resources that would make technically modern management worth
while. But before grassland can be managed in an organized fashion, institu-
tional controls have to be established that provide incentives to introduce
technical advances. In this respect, there are a number of possibilitiet.

(a) Individual ranches. On the subject of individual ranches, Webster and
Wilson write (1967, p. 280):

In view of the great disadvantages of communal grazing, it is often supgested that
a change to individually owned and operated holdings is desirable, in order to
obtain good pasture management. However, over a great deal of the pastoral
country individual holdings are impracticable for several reasons. First, seasonal
migration of stock is often essential because large areas of pasture can only be used
for part of the year. Secondly, provision of water to individual holdings is often
impracticable or uneconomic in arcas where water is scarce. Thirdly, individual
holdings would cften be unacceptable because few pastoral regions are uniform.
Under individual tenure some people would get only poor grazing, whereas
under the communal system all have equal access to good and poor areas. Fourth-
ly, the fercing of pastures and water supplies on individual holdings would be
expensive, and in many places the absence of fencing materials would make it
impracticable.

Individual ranches are therefore only sensible where the rainfall and drinking
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water are sufficient for an intensive pasture economy, or where there is an
abundance of grassland. The Bahima in Uganda, for example, have plenty
of grassland with a relatively high rainfall, and smaller ranches of 1300
hectares carrying 530 livestock units are being set up within the Ankole
ranching scheme. But normally division of semi-nomadic and partially
nomadic stock-keeping land into individual ranches is not an cconomically
sound solution.

(b) Grazing schemes. Grazing schemes of a type that has been tried in
various parts of Africa arc a furcher step towards rationalization of the
pasture economy in dry regions. The herdsmen are offered a number of
investments and services, on condition that they submit their use of the
grassland to controls checked by a grazing guard. Projects like this usually
involve a number of measures:

(1) a regulation for animal density, which stipulates in most cases culling
programmes;

(2) veterinary supervision and the payment of veterinary services;

(3) digging watering places so that the grassland can be grazed more
evenly;

(4) the introduction of a grazing rotation;

(5) the control of grass-burning in the dry season, clearing the bush,
and occasionally sowing more preductive grasses;

(6) prohibition of grazing on badly eroded stretches; and

(7) the organization of marketing.

In their early stages, grazing schemes are under the wing of the agricultural
administration, but the gradual transfer of management to grazing com-
mittees is usually planned. Expericnce shows that projects of this kind suc-
ceed in a few years in promoting animal health, regenerating fodder growth,
considerably increasing the grazing capacity, and consequentiy raising the
income of the stock-keepers. But the grassland projects cannot be reconciled
with the social function that tradition gives to stock-kecping. In most cases
they fail after a few years because of the herdsmen’s opposition, and the
following are the main reasons for their collapse:

(1) Many of the pastoral tribes are already living on a sub-marginal level.
The reduction in stock numbers at first reduces the supply of milk and
meat for the household. The herdsmen and their families apparently do rot
have the means to bridge the time between the reduction ir. stock and the
higher return in milk and meat as a result of it.

(2) Culling programmes simply do not fit into the integrated sysiem of
human bonds established by the lending, renting, exchanging, and present-
ing of cattle for different reasons in different situations.

(3) The limiting of stock numbers under the rules means that each family
herd has to be split up into two—some animals are in the quota on the
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scheme and the remainder have to find their grazing elsewhere. As a result,

herdsmen are separated from their families, and naturally the idea is

unpopular.

(4) The reduction in stock numbers puts the greatest relative strain on the

man with a lot of cattle, who is frequently an open or covert leader of the

clan or tribe. Therefore grazing schemes are often opposed by those who
have influence in their communities.

(c) Group ranches. In the majority of the range areas, economical and
ecological considerations may make it acceptable for the pastoralists to coine
together on the basis of clans, families, or other groupings and establish
ranching units, which might comprise two to twenty families and a stretch
of land of between 600 and 12 000 hectares. So far, the individual generally
exercises grazing rights over the entire area recognized as the grazing ground
of his clan. He thus has, along with other members of the clan or tribe,
freedom to move with his herds over a considerable area, but has no specific
individual rights to a particular portion of it. The new move would mean the
division of the area into self-contained units as far as water is concerned.
Only people belonging to a certain group of families would then have the
right to graze there. The ownership of the land could go to the group or
clan, provided that this could be legalized. Another perhaps more realistic
approach would be the establishment of group ranches on the land of several
individuals. However, in each case the individuals would retain the ownership
of their cattle. Some of the Masai, for instance, are reported to have decided
to divide their land into units of over 8000 hectares, to be owned by family
groups whose interests are homogeneous and who have traditional respect
for the elders in the group. It is intended that the land of each ranch shall be
registered in the participants’ names and that a management committee
shall be formed whose function will be to run and develop the ranch, taking
up ioans when necessary.

(d) Cooperctive or company ranches. Another possibility is the establish-
ment of coopzrative or company ranches. These should be run by a manager
and raise their own funds. The individuals concerned might receive shares
according to their contributions. They migiit be employed by the ranch
management where this is convenient. Actually, the name ‘cooperative’ can
be misleading. The institutional set-up is often much closer to that of a
company than of a cooperative.

(e) Government ranches. Wherever grassland areas are available that are
not claimed by pastoralists and cannot be handed over to private enterprise,
the establishment of government ranches is advisable. [n order to guarantee
efficient management, they should be established and run by autonomous
bodies as profit-making enterprises.

(f) Nucleus ranches. Another possibility to solve the problems of semi-
nomadism is the combination of private or state nucleus ranches with the
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supervision of shifting herding in surrounding schemes. Such an arrangement
has the following characteristics:

(1) An area newly opened up by watering places is declared a scheme area.
(2) Herdsmen are allowed to become scheme participants on condition
that they submit their animal-husbandry practices to a clearly defined set
of rules, the execution of which is closely supervised.

(3) The herdsmen are allowed to join the scheme with a limited number of
cattle, the health of which is checked. No other cattle are allowed to
graze in the scheme area, ai.d no scheme cattle are allowed to graze else-
where.

(4) The herdsmen remain the owners of their cattle, but grazing, dipping,
and castration are organized by the scheme management. All selling and
buying of cattle has to be channelled through the scheme management.
(5) The scheme management is backed by a neighbouring nucleus ranch,
which provides the services, the veterinary supervision, and the marketing
facilities for the scheme cattle.

In group, cooperative, government, and company ranches, individual
subsistence farming may well be incorporated into the enterprise. The allot-
ment of land for cropping to members and workers within a system of
shifting cultivation provides cleared land that can be planted with better
grasses at low costs. Arable farming within a ranch may thus contribute to the
reduction and control of bush and to the establishment of better grasses.
However, two basic requirements must be fulfilled if money is to be invested
in pastoral areas, namely:

(1) Limitation of the number of stock that attempt to graze any area to
the number that area can carry without deterioration over a long period of
time.

(2) Control of the movement of stock within any given area through rota-
tional grazing systems or other such measures designed to maintain or
improve the quality of the pastureland.

Without these two basic practices, no other range-improvement measure-—
whether additional water supplies, tsetse eradication, reseeding, or bush
control—is likely to be of any lasting value. This is also true of veterinary
services, which—except with devastating diseases like rinderpest—can be of
economic value only within the framework of a rational system of land use.

Finally, it must be pointed out that the agricultural problems of most semi-
arid areas can be solved only by the removal of a great number of people
from the pastoral way of life. There are often too many herdsmen who try to
live on their stock and who therefore attempt to retain, against advice, as
many stock as they can for their own survival, thus continuing the destruction
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of their habitat. The relative degree of overpopulation is usually higher than
in densely populated, high-potential areas.

9.4. Ranching

9.4.1. General cheracteristics of ranching

Ranching, which is the commercial alternative to the various types of
nomadism, is carried out on large stretches of land. Most ranches cover
several thousand hectares, sometimes more than 100 000, and carry large,
permanent herds of some 1000 or 10 000 animals. The term ranch is generally
used to refer to properties with well-defined boundaries (fenced or unfenced),
legally owned, or having a long-term lease, and with certain developments
present that were effected by the owner or lessee.

In ranching, the number of animals and workers, the capital investment,
and the return per hectare are very low. However, ranches have large stock
numbers and a large fixed capital per man-equivalent invested in, for example,
fences and pumps, and there is usually a high income per man-equivalent.
Production is limited to stock-keeping, and cropping of arable fodder is
worth while only under favourable price conditions, which are rare in the
tropics. In most cases, only one type of animal is kept in any considerable
numbers, and the aim is a single product, like wool or animals for slaughter,
and other products, like the sheep’s meat or the cattle’s milk, are neglected.
These are mostly marginal zones where diversification is not commercially
worth while.

In particularly dry, stony areas far from markets, sheep-keeping pre-
dominates (south-west Africa, Australia, southern Argentina). Cattle do not
have the same mobility, and are more demanding with regard to the frequency
of watering and the amount of fodder. Whereas sheep are kept in some cases
where only 150 millimetres of rain fall annually, cattle-keeping usually re-
quires more than 400 millimetres. We find large-scale cattle ranches chiefly
in the tsetse-free savannas of East and southern Africa, in Australia, and in
Latin America.

The main objectives of ranch management are summarized by Webster
and Wilson (1967, p. 256) as follows:

(1) To provide, as far as possible, a uniform and year-round supply of
herbage for the maximum number of stock.

(2) To utilize the herbage at a stage that combines good nutrient quality
with high yield.

(3) To maintain the pasture in its most productive condition, by encourag-
ing its best grass types and by promoting as full a ground cover as possible.
This will protect the soil from direct solar radiation and the beating action
of rainfall, thus preventing run-off and erosion.
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In evolving methods of management that will attempt to achieve these aims,
ranch owners must give consideration to the following factors:

(1) the influence of seasonal growth and of grazing on the maintenance
of the sward;

(2) the variation in the composition and feeding value of the herbage with
stages in growth;

(3) the value of certain trees and shrubs as browse plants; and

(4) the need for bush control.

There are considerable differences in the measures used by the ranchers to
achieve these objectives. Ranches can be classified according to the following
indicators of land-use intensity:

(1) Whether pastures are fenced, or to what extent the fencing divides the
area.

(2) How far the watering points are from one another, or how much capital
is invested in pumps, pipes, and troughs.

(3) Whether and how the pastures are managed (control of bush, planned
burning, weed control, sowing of more productive grasses, rotational
grazing, etc.).

(4) Whether and to what extent the supply and demand of fodder are
balanced ‘passively’ by:

(i) calving or lambing at a time when there is plenty of fodder;

(i) which type of production is chosen—on extensively managed
ranches production ‘s preferred that is less dependent on an even fodder
supply than prcduction on intensively managed ranches, so that rearing
animals is preferred to fattening them or dairying, and wool is preferred
to mutton;

(iii) fodder reserves ‘on the stalk’;! and

(iv) balancing of fodder growth and animal numbers by selling when
fodder becomes scarce, and buying when it is particularly abundant,

or balanced ‘actively’ by:

(i) the establishment of improved pastures;
(ii) cropping of arable fodder on irrigated plots; and
(iii) purchase of fodder.

! Haymaking is rare in ranching systems for the following reasons (Webster and Wilson
1967, p. 269):

(1) Much of the land is unsuitable for mowing owing to its topography, uneven surface,
or the presence of rocks, ant-hills, trees, and bushes,

(2) The low yields per hectare make haymaking uneconomic.

(3) The grass reaches an appropriate stage for hay at the height of the rains. At this
time the weather makes haymaking either impossible, or at least difficult and liable to
heavy losses.
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From the point of view of intensity, we distinguish chiefly between the
open-grazing system, the field or paddock system, and paddock systems with
an actively balanced system of fodder supply. In the open-grazing system, the
herds must be continually watched by herdsmen. The productivity per animal
and per hectare is relatively low, because rotational grazing and separation
of age groups, etc., are difficult to achieve without fencing. In the field or
paddock system, the work of guarding the animals is replaced by investment
in fencing and watering places. Market productivity is higher, chiefly owing
to the better organization of the fodder ~conomy. The third stage in ranch

Stage| ) Stagell

Stage Il

o — Boundaries
—--~ Fence
o Main watering place
> Subsidiary watering places
Buildings
eserve paddocks

FiG. 9.2, Stages in ranch development. Stage [: no fencing, one water point, long daily
migrations. (1) Bare soil, some weeds: (2) overgrazed area, vegetation mainly weeds: (3)
overgrazed, some grass, much weed vegetation: (4) good pasture; (5) natural vegetation,
scarcely grazed. Stage I1: no fencing, severai water points. (2)-(5) as in Stage 1. Stage I1I:

addock technique. In the dry season the reserve paddocks are grazed., From Andreae
(1966, p. 23).

development, which is usually limited to ranches with irrigation facilities or
in high-rainfall areas, is characterized by substantial investments in an
actively balanced fodder supply and a correspondingly higher productivity
per hectare.

Fig. 9.2 shows the principal stages in the development from open-grazing
systems to paddock systems:

(1) Stage I: Where a ranch has only one watering place, concentric
grazing rings are formed. Zone (1) is bare ground and secondary bush
19
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round the water, with scarcely any fodder in the dry season. Zone (2) is
an overgrazed area with predominantly weed growth and little fodder in
the dry season. Zone (3) is overgrazed area with weeds and annual grasses.
Zone (4) is a reasonably used area with good pasture and fodder reserves
available according to the grazing technique. Zone (5) is scarcely used
natural vegetation, since it is a long way from the water (4-8 kiiometres),
and provides fodder reserves in the dry season.

(2) Stage 1I. During the season when fodder is scarce, the fifth zone is a
reserve. In so far as the dry season coincides with the cool part of the year,
tne animals can travel further and make use of the fodder growing in the
outer zone. As several watering places are dug, the marginal zones of the
ranch can be more easily developed. The distances covered by the animals
become shorter. The result is the formation of vegetation zones round each
watering place, with a better distribution of grazing and lsss overgrazing,
(3) Stage 1II. Dividing the pasture into paddocks combined with fencing
reduces the damage from overgrazing, facilitates separation of the animals
into age groups, and allows reserve paddocks to be forined with hay on the
stalk. The reserve paddocks are grazed in the dry season. Webstcr and
Wilson (1967, p. 266) write:

A very simple system is that known as the ‘three herd-four paddock’ system.
Each paddock is grazed continuously for three years and in the fourth year
grazing is stopped just after the beginning of the rains, the accumulated grass is
burnt off at the end of the dry season, and the paddock is then rested for
further one or two months at the beginning of the next rainy season.

The capital invested in progressing from Stage 1 to Stages II and III means
that more cattle can be kept at a lower risk and will cause less damage to the
pasture. It reduces the input of labour and shortens the time it takes to rear
animals for slaughter from four to five years to three to four years.

The intensity of grassland use is reflected in the animal densities, which
fluctuate between 2 and 50 livestock units per 100 hectares, according to local
conditions. The lower limit is where fodder and water are so scarce that
permanent stock-keeping becomes impossible, and nomadism or hunting is
the most economic activity. Ranches supporting enough fodder to keep
3040 livestock units per 100 hectares are mostly found in zones where the
rainfall is sufficient for arable farming and where, if there were no lack of
labour and markets, arable farming would be more competitive than ranching,

9.4.2. Two case studies
(a) A Karakul ranch in south-west Africa. Sheep ranches differ as to whether

they aim to produce wool (as in Australia, Argentina), or skins (as in south-
west Africa). Mutton is a by-product, if it is valued at all, on the large sheep
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ranches. The production of Karakul skins is suited to particularly dry areas.
The majority of Karakul lambs are slaughtered immediately after birth,
with the consequence that the ewe is less burdened and in a better state to
survive the dry season. '

Schifer (1963) provides an example of how a Karakul sheep ranch in south-west
Africa is organized (see also Gundert 1962). The farm ‘Haribes’, whose data are
contained in Table 9.4, comprises 77 500 hectares of partly stony and partly sandy
bush savanna, whose average rainfall over many years is 200 millimetres, although
there are fluctuations from 90 to 340 millimetres. This area supports 10 000 Karakul
sheep, 800 goats belonging to the workers, and a number of cows to provide milk
for human consumption. When the grazing is ample, about 100 head of cattle are
bought for fattening, but when fodder is scarce this does not occur. The main
production aim is the skin of the Karakul lamb and the sale or drecding animals.

The total area is divided up by fences enclosing between 5000 and 19 000 hectares,
and is then subdivided into twenty-four sections according to the position of the
watering places. Eighteen scctions are grazed in turn for two weeks at a time. Six
sections, a quarter of the toial ares, are not grazed at all, but constitute a fodder
reserve in case there is insufficient rainfall. Shepherding has been replaced by
jackal-proof fences.

We can distinguish a long and a short lambing season. Two-thirds of the births
occur between May and August, and one-third in January and February, and at
both these times of year fodder is relatively plentiful. The sheep are shorn after
lambing. The lambs are taken immediately after birth to the main yard and sorted
to see whether they are suitable for breeding or whether they have good skins.
Slaughtering takes place in the yard.

Karakul skins contribute up to 50 per cent of the return from the ranch, which
amounts to $72 500, and of which 29 per cent is obtained from selling breeding
animals. The income from cattle-keeping varies according to the amount of fodder.
Wool and mutton make no contribution. The local farm price of a sheep is $2.80,
which is lower than for a good lamb’s skin. The traditional practice is to keep ewes
as long as they bear lambs, which in effect means until they die of old age. In recent
years it has been usual to slaughter and sell the ewes at the age of about seven years.

The salaries of the ranch managers are the main expense. They are higher than
elsewhere on sheep ranches, because of the high skills required in breeding and
producing Karakul. Wages are the next major item of expenditure. Material costs
consist mainly of vehicles, maintenance, and the depreciation of fixed assets,
particularly watering places. The productivity per hectare, at $0.93 per hectare, of
which $0.13 is profit, is less than in all other forms of commercial land use, but the
gross return per man-equivalent amounts to $942.

(b) A cattle ranch in Kenya. Cattle ranches, which are economically much
more important than sheep ranches, may aim at different products. They can
be differentiated as:

(1) ranches whose production aim is to raise and sell cattle for fattening;
(2) Ranches for raising and fattening, whose end product is animals
fattened for slaughter;
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TABLE 9.4

Farm-management data of a cattle ranch in Kenya and a Karakul sheep ranch

in south-west Africa

Location South-west Africa Kenya

Rainfall (mm) 200 600

Type of farming Sheep ranch Cattle ranch

Year 1963 1963

Method Case study Model

Workers per holding (ME) n 50

ME per 100 ha 01 016

Size of holding (ha) 77 500 32000

Livestock per holding (no.) 11200 8040
Cows and heifers —_ 2400
Beef cattle 400 5580
Bulls — 60
Sheep 10 000 -
Goats 800 —

Farm capital ($) 793 000 375 000

Farm capital (§ ha™?) 10 24
Land 83° 229
Fencing } % 6%
Watering places 1%
Buildings and vehicles ’I'I % 13%
Livestock 48%

Yield

Calves raised per 100 cows n.a. 80

Lambs per 100 sheep 100 —

Cattle produced (live-weight, kg ha~*) —_ 19

Cattle produced ($ ha~?) — 16

Economic return ($ per holding)

Total gross return 72 500 127 500
Cattle 8% 100%
Karakul hides 50% —
Breeding stock 29% —

Costs of production 62 500 63 750
Wages 20% 29%
Salaries 33% 20%

Net return 10 000 63 750

Productivity

Livestock (LU per 100 ha) 2 22

Gross return ($ ha™!) 093 398

Gross return ($ ME-?) 942 2550

Value added ($ ha~?) 055 297

Value added ($ ME™!) 560 1900

Profit (§ ha~?) 013 2:00

Sources: White (1963); Schifer (1963).
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(3) fattening ranches, where the animals from native or commercial
ranches are fattened; or
(4) dairy ranches.

This division of labour berween ranches for breeding and ranches for fattening
is characteristic of countries with advanced economies bused on labour
division, like the United States of America or Argentina. It is rare in the
tropics. Fattening ranches are only occasionally found, where nomads, semi-
nomads, or arable farmers sell their unfattened animals, as for example in
East Africa or Madagascar. They are of some importance in those areas of
Latin America (northern Colombia, Sac Paulo, Brazil) wuere markets with
substantial purchasing power are close to fodder-producing areas, where
fodder growth at the various altitudes is conducive to the division of labour,
and where immatures can be obtained in sufficient numbers at a relatively
low price. Dairy ranching is also tied to the proximity of urban consumption
centres. It is of increasing importance in, for example, Latin America, South
Africa, and Kenya.

The data iu Table 9.4 apply to a cattle ranch in Kenya, in an area with 600
millimetres of rain and enough fodder to support 22 livestock units per 100 hectares.
The production aim is animals for slaughter, for the urban market, and for export.
The greater part of the ranch, which consists of 32 000 hectares, is divided by fences
into paddocks of 2000-3000 hectares, and in each there is watering place. The
animals, grouped according to age, occupy the paddocks in a four-year rotation:
year 1, breeding herd; year 2, heifers; year 3, oxen; and year 4, no grazing, regu-
lated burn. In the dry season the grazing rotation is interrupted, and all three
paddocks are open to all the animals. The normal animal density is 80 per cent
of the fodder capacity, so that even in dry years there is sufficient grass. The chief
maintenance expense is control of bush regeneration; as well as burning at four-
yearly intervals, heavy equipment has to be used on some sections.

The calves are born in the rainy season, and eighty calves are reared per one
hundred cows. The animals grow up alternately increasing in weight at times of
abundant fodder and maintaining their weight in the two to three driest months,
when they are not given any additional fodder. The increase in live-weight amounts
to 19 kilograms per hectare per year. The cattle are an improved Zebu variety: the
Boran. They are sold for slaughter when they are 334 years old and at a weight of
350 kilograms.

With the price of cattle at $15.50 per quintal, the return from the ranch comes to
$127 500, which is $3.98 per hectare. The major expenditure consists of wages and
the salaries of ranch managers. Next in importance comes the depreciation of
fences, pumps, and other fixed capital,

(c) Ranches in higher-rainfall areas of South America. Table 9.5 gives
the farm-management data of ranching in various South American countries.
Although operating on land with much higher potential for plant pro luction
than that in the Kenya case study, they show the general characteristics of
extensive stock-keeping: large size of holdings, low labour input per hectare,
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TABLE

Return on capital and factors contributing 1o it

Country Paraguay Brazil Brazil Botivia
Location Eastern Chaco Pantanal Northern Beni
Rio Grande
do Sul

Rainfall (mm) 1150 1150 1300 1500 1650 1650
Method Model Case study  Case study  Case study Model Case study
Management Average Good Average Good Average Good
Size (ha grazed) 20 000 20 000 10 000 1000 4000 7500
Workers per ranch 14 14 10 3 4 8
Workers (ME per 100 ha) 007 007 1 03 01 on
Livestock (LU ver ranch)* 4500 6700 2300 375 450 1600
Ranch capital (§) 459 000 592 000 249 000 110 000 43 000 128 000

Land 43%, 349 52%, 68% 26% 16%,

Cattle 48, 34% 37% 21% 53% Te

Others 1, 329% 11°% 112 21% 20%;
On-farm prices

Cattle (§ per kg live-weight) 014 013 017 019

Labour (§ per ME and ycar) 460 390 480 484

Land ($ ha™1) 10 13 75 2-80
Yield
Take-off %% 17 20 13 22 15 18
Production (kg live-weight per ha) 18 30 1 36 7 19
Production (kg live-weight per LU) 80 90 44 96 62 89
Gross return (§ per ranch) 50400 83 800 14 250 6100 5000 26 600
Costs of production® 18 900 26 800 10 800 4280 4050 14 200
Net return 31500 57000 3450 1820 950 12 400
Productivity
LU per 100 ha 22 33 23 37 1] 21
Gross return (3 ha”2) 2:52 418 142 6:10 125 3-54
Gross return (3 ME™ ") 3600 5980 1450 2030 1250 3220
Value added ($ ha~ %) 1-89 317 073 3-26 072 217
Value added ($ ME™1) 2720 4530 738 1086 722 2035
Net return (§ ha™3) 1-57 2-85 034 1-82 024 165
Return on capital 68°, 97% 149, 147% 2:2% 97%

® } LU = | adult cow held for one year. Other stock is ¢
average weight of adult cows generally differs between area:
proportional to live-weight carried,

b Average for all animals sold. Thus, prices presented reflect differences not

omputed proportionally to its live-weight and' :ime held, Since the
s and Jevels of management, the figures are not necessarily

only in general Jevel of beef prices but in quality

as well,
¢ Unskilled labour. Includes wages in cash, wages in kind at on-farm prices, and social security expenses compulsory for the

emplover.

¢ (Constant herd sizc assumed.

Best Available Document
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9.5
in South America’s becf catile industry 1968

Colombia Colombia Venczuela Venczuela
Costa, Llanos Apure Eastern Lianos
breeding zone (western Llanos)
1600 1600 1500 1500 1700 1700 1300 1300
Case study Model Case study Model Model Case study  Case study  Case study
Average Good Average Top Average Good Average Good
400 400 3000 3000 20 000 20000 7000 7000
9 11 34 48 21 25 7 17
2:25 273 011 016 01t 013 01 n-24
300 600 820 1000 5330 5330 860 1450
70 000 109 000 96 000 134 000 520 000 573 000 297 000 396 000
41:5°% 27% 49:5°, 36°, 26% 24°, s519% 39%
40:8% 53% 44:5°, 47% 68 62°, ki: 2 48°%,
18% 20% 6% 174 6% 14°, 1% 13%
030 017 0-30 035
470 350 740 890
7° 16 610 22
21 23 13} 23 8 14 21 19
61 147 11 15 8 13 10 22
83 98 4 105 29 48 7 106
9350 17 500 5430 18 500 47 800 70 500 29200 62 800
5760 8400 2590 8510 19 150 32 500 10300 28 400
3590 9100 2840 9990 28 650 38 000 18 900 34400
78 150 27 33 27 27 12 21
2340 43R0 1:81 6:16 2:39 352 417 8:98
1040 1590 1610 3860 2280 2820 4170 3490
19-80 31600 1-21 3-89 2:18 282 3-59 707
384 1308 1187 2430 2080 2280 3585 2920
898 22:75 095 333 1:43 190 270 491
38% 84°, 30° 75, 5-3% 66, 63% 9:1%

¢ Includes wages for family Iabour and depreciation: excludes interests paid. In the case of family-sized units (4 or fewer
ME), no allowance has becn made for an administrator or man. »+r.

¢ Milking is common practice, The flgures for beef production (10 xx milk = 1 kg beef live-weight), yield in terms of pro-
duction, and income take milk into account,

Source; Owen (1969).

Best Available Documaes
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high investments in relation to labour costs and to output, a low productivity
per hectare, but high returns per man-equivalent.

9.4.3, Weaknesses of ranching

Ranching is far from being a system that can te run particularly easily or
lucratively, since it is characterized by:

(1) high fixed costs and very high initial investments;

(2) a long-term commitment to a particular type of production;

(3) high-risk production because of the constant threat of drought; and
(4) high costs for personnel in relation to the return from the ranch.

The high fixed costs stem less from the value of the land than from the invest-
ments necessary to develop and utilize natural fodder. The costs of animals
are the primary outlay. To build up a ranch requires either a high level of
buying, or slow stocking with animals born on the ranch, and at least ten
years of low return have to be bridged. Another costly item is the procuring
of water. Grassland is of scarcely any value for cattle-keeping unless there
are watering places within 4-5 kilometres; rotational grazing depends on
watering places in every paddock. The watering places should have a reserve
capacity of 50 per cent, so that sufficient water is left even in dry years to
maintain the rotation. There is also the investment in fences and the cost of
their maintenance, for ranching without fencing is normally not a viable
activity. Fences reduce labour, facilitate the control of animal densities, per-
mit the separation of sexes and age groups, simplify veterinary care and
breeding, and make it possible for cattle to graze at night. On the other hand,
they are expensive in relation to the return from the fenced-off areas, especi-
ally as wide use is normally made of long-lasting iron or wooden posts,
which have to be transported from far away and impregnated against
termites.

The result of investment is a long-term commitment to a particular type
of production. The selected area is usually suitable only for either sheep or
cattle, and it is virtually impossible to adapt production if economic condi-
tions change.

The three related factors of high initial investment, specialization in a single
type of production, and operation in marginal areas inevitably entail a high
level of market risk. Ranches must also consider the unreliability of the rain-
fall. There is a danger in planning the animal density on the fodder capacity
of average years, when a few consecutive dry years can result in loss of
animals or hurried sales. Furthermore, ranches with a single product are at
the mercy of price fluctuations.

The high expenditure on personnel is a further feature of large ranches.
Admittedly these costs are extremely low per hectare, but they are high in
relation to the return of the ranch. A large part of the expenditure pays for
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the services of the ranch manager, especially where diseases are particularly
hazardous, as in sheep-keeping in the tropics generally, or in cattle-keeping in
East Africa, where east coast fever, the tsetse fly, and other dangers are pre-
sent. Ranch managers with some veterinary knowledge are necded, and they
can demand a correspondingly high salary, which can be covered only by a
large herd. Since the fodder capacity of pastures is small, it is necessary to
set up ranches on a very large scale.

The management problems of large-scale stock-keeping in the tropics 2nd
subtropics are therefore not dissimilar to those of plantations. High initial
costs and the long-term commitment to one type of production make the
early stages particularly difficult, and only if there are stable economic and
social conditions is there any incentive to invest in undertakings that will
show a market profit only after one or two decades.

9.4.4. Development paths of ranching

In few areas of agriculture is large-scale production so superior to small-
scale production as in the case of stock-keepirg in dry tropical regions. Not
only the net return on labour and land, but also the gross return is far above
what can be obtained in traditional semi-nomadic stock-keeping. The econo-
mies of scale are not mainly due to mechanization. Much more importznt
are benefits arising from access to agricultural and veterinary progress, from
proper stocking policies, which justify the high fixed costs of investment in
improvements like watering places, and from high levels of management.
Large-scale ranching is thus in a far better position to reap the benefits of
technical progress that become available in grazing and animal husbandry.
The general tendencies that technical progress in ranching seems to favour
may be summarized as follows:

(1) The main prospect for increasing the output of livestock products lies
in improved management of existing breeds, in particular in better grass-
land management, rotational grazing, improved disease control, etc. Inno-
vations are much more easily applied in large ranches than in partially or
semi-nomadic herdings.

(2) The improvement of the basic genetic types of local cattle is bound to
be a long and complex process. However, upgrading is of increasing im-
portance. Breeding of other types that mature carlier is the usual objective.

Measured in terms of the quantity and quality of the production per hectare,
per animal, and per worker, and of the degree of competitiveness on the
market, the large ranch proves to be more advantageous in every respect.
However, large-scale ranching is not apprcpriate in all conditions, being
unsuitable in those most marginal that are occupied by the total nomads.



10. General tendencies in the
development of farm sysiems
by J. D. MacArthur

mm—w

CHAPTERS 3 to 9 have been conczrned with the main types of farming that
occur in the tropics. The salient features and characteristics of each have been
outlined and exemplified so as to allow attention to be drawn to the problems
and development paths of cach pattern of farm organization. For this pur-
pose, seven distinct farming systems were identified, each being significantly
different from the others.

This method of treatment should not be taken to imply that very clear
differences are to be found between farms that are classified under the various
types. There are often no clear-cut divisions that can be drawn betwecn
holdings classed as one type and those coming in the next class. In some cascs,
as for example for shifting, semi-permanent, and permanent arable systems,
the cut-off point is taken at given values of the parameter R. Major differ-
ences exist between farming systems with low, middle, and high R values,
but there are wide areas of transition betweer: these basically different types.
The treatment used here has allowed the principal differences between types of
farming to be highlighted. Itis not, however, suggested that all types of tropical
farming can be classified precisely into one or other of these seven types.

Despite the frequent absence of clear distinctions between particular
systems of farm operation \hat arise from the combination of parts that have
different operational features, some fairly comprehensive generalizations
about the development paths of different types of farming can be made.

The range and balance of enterprise combinations that are reflected in any
actual farming system is limited by a number of constraining factors. In a
recent work, Duckham and Masefield (1970) have suggested that five main
types of factor limit the possibie occurrence and importance of different
types of crop and Jivestock found in any actual farm system.

(1) Ecological factors determine what different types of production are
possible and which species can thrive in the light of existing climatic, soil,
and biological conditions, including the way in which different species
interact within a single system.

282
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(2) Infra-structural features, concerning such things as land tenure and the
supply of various off-farm inputs like water, power, expertise and advice,
material inputs, and things of this kind, further restrict the choice of
possible combinations that can arise from ecologically suitable enterprises.
(3) External economic constraints will also profoundly influence the choice
of attractive possibilities, through such features as location, the quality of
of communications for the movement of produce, the organization and
structure of marketing systems, the cxistence of alternative sources of food
supply that can remove the need for subsistence production, the availability
of credit, produce subsidies, and a whole host of other features, that effect
the attractiveness of different systeins of farming.

(8) Internal operational factors like farm size, the available labour force,
owned resources that can be invested, and fixed improvements are also
obvious important determinants.

(5) Finally personal acceptance of the adopted system can have some influ-
ence in those types of farming where a range of possibilities permits per-
sonal choices to be made.

Within the framework of successive limitations of this kind, development
paths can be observed for different major types of tropical ecological situa-
tion. These indicate the directions along which farmers may adapt their
systems of operations as circumstances change to alter one or other of the
constraining factors. Fig. 10.1 shows in diagrammatic form the evolutionary
paths that may be followed in the four major climate zones of the tropics.
Starting from the basic, undifferentiated system for a particular situation,
each line in the diagram shows a possible evolutionary path, its relative
importance and feasibility being indicated by the thickness of the arrow.

In humid areas we find above all the change from shifting systems to
irrigation farming, mainly with rice, and to the growing of perennial crops.
These changes occur cither directly from shifting systems or via the stage of
semi-permanent cultivation. The pre-conditions for the spread of permanent
rain-fed farming are usually not yet present, while ley systems for these areas
are still in the experimental stage. In the humid savannas the change is
mainly from shifting systems to scmi-permanent systems and—with increasing
population densities-—to irrigation farming. Unregulated ley systems are
found in areas that are free from the tsetse fly. Regulated ley farming, which
is widely practised in the subtropics, has been introduced into the humid
savannas of the tropics only in exceptional cases. In the dry savanna climate
the tendency is to change from shifting cultivation to unregulated ley farming
and finally to permanent dry farming, with irrigation spreading wherever
water is available. In grazing areas, the pattern of change is from open grazing
to paddock systems. In high-altitude areas the evolutionary pattern is for the
intensification of arable farming, developing rapidly from shifting cultivation
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via unregulated ley farming to permanent farming, with the planiing of
perennial crops wherever feasible,
These tendencies are accompanied by a number of major changes:

(1) from long-fallow to short-fallow systems;

(2) from short-fallow systems to permanent land use;

(3) from low-intensity crops to nigh-intensity crops;

(4) from natural grazing to cultivated fodder;

(5) from rain-fed farming to irrigation farming;

(6) from arable farming to the planting of perennial crops;

(7) from single cropping to multiple cropping;

{8) from the natural regeneration of soil fertility to intensive systems of
manuring and fertilizing;

(9) from hoe cultivation to animal traction or tractors,

Changes in adopted systems of farming, whether in the form of improve-
ment, or intensification, or chianges to another type of agricultural production,
occur as the result of changes in some or all of the constraining features con-
sidered above, These change: may arise either within the farm or outside it,
and may be caused by new technicai passibilities (new seed, pest control,
irrigation, etc.) or be the resuit of a wide and complex range of social and
economic factors. The foilowing are amongst the most important operating
in tropical arcas today.

(1) Population density, and the correlated subsistence-food demand, is a
vitally important variable causing changes in farm organization. While
there are certainly instances where population growth is mainly dependent
on agricultural output, output is more often a function of population
growth. It should not be overlooked, however, that this increased produc-
tion, with pre-machine techniques, usually requires increasing labour inputs
per unit of output.

(2) Technical progress has already drastically changed farming patterns in
most tropical countries, Farming systems are likely to be increasingly
influenced by innovations and there seems to be no end to them. In contrast
with the situation in pre-technical systems, changes of this kind may allow
increases in output to arise with decreasing units of input,

(3) Tue development of urban purchasing power and export markets has
proved to be a decisive variable in many places, because changes in price
relations are very important to tropical fariners.

(4) An important role is also played by changes in human aspirations,
There are many firm indications that tropical smallholders change rapidly
from target workers to modified target workers and finally to commercial

! Boserup (1965).
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farmers who try to maximize income, albeit within the limitation of other
objectives, security in particular.

To promote economic development and to mect other objectives, govern-
ments in most tropical countries adopt a variety of policy measures designed
to modify agricultural production. These changes will be reflected at the farm
level in the systems of farming that are followed. Generally these measures
are designed to assist or accelerate cvolutionary developments of the kind
outlined in Fig. 10.1. In some instances, official intervention, through the
government policy, is merely incidental in nature, as in the establishment of
proper conditions for orderly marketing. which can lead to different levels of
adjustment in production on individual farms. However, at the other extreme,
government action can take the form of creation and control of all aspects of
complete farming situations, as in settlement schemes of different kinds,
especially irrigation settlements. To consider such policy measures is beyond
the scope of this book. Nevertheless, it is important to stress that changes in
government policy are very important factors influencing the development
and evaluation of farming systems. Every policy measure directed towards
agriculture will be reflected in changes in farm production systems. It is
hoped that this book, by its analysis of the characteristics, weaknesses, and
possibilities of each of the major types of farming in tropical arcas, will help
to provide a better background to the appreciation of different farming
situations and their adjustment through policy actions of different kinds.
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