MICROFICHE
REFERENCE
LIBRARY

A project of Volunteers in Asia

Intercropping in Tropical Smallholder Agriculture
with Special Reference to West Africa

by Kurt R. Steirer

Published by:
GTZ
Dag-Hammarskjold-Weg 1-2

D-6236 Eschborn 1 .
WEST GERMANY

Available from:

same as above

Reproduced by permission.

Reproduction of this microfiche document in any
form is subject to the same restrictions as those
of the original document.




th

lture w

cu

Y

ICa

S
-
<
i
)
=
O
it
QO
O
c

Special Refere




intercropping maize with cowpea in the highlands of Cameroon

Sorghum fields with Parkia trzes in northern Ghana

Intercrop experimentaticn with miltet and groundnut at ICRICAT/Hyderabad
Aliey cropping with Leucaena and cowpea at [ITA/Ibadan

(Photos: Kurt G. Sisiner)



Intercropping in
Tropical Smallholder Agriculture
with Special Reference
to West Africa

by
Kurt G. Steiner

2. Edition

Eschborn 1984




Published by
Deutsche Gesellschaft fiir Technische Zusammenarbeit (GTZ) GmbH
Postfach 5180, D-6236 Eschborn/Ts. 1

Graphic Work
Stefan Amelung, Heidelberg

Distribution
TZ-Verlagsgeselischaft mbH, Bruchwiesenweg 19, D-6101 Rofidorf 1

Production
Druckerei Peter Schuliz, Seehofstr. 17 H + 21, D-6000 Frankfurt/M 70

ISBN 3-88085-176-X
1/4801/1.
Printed in West Germany




PREFACE

During the last ten years there has been an increasing awareness
that the impact of the so-called green revolution on smallholder
farming in developing countries has remained rather limited. '
Due to a lack of resources and increasing prices of commercial
inputs the majority of small farmers in the tropics and especial-
ly in Africa were not able to benefit from the progress achieved
by international agricultural research.

Hence, research gave more attention to the analysis and subse-
quent improvement of traditional cropping systems and a more effi-
cient use of limited resources. Research results obtained so far
made evident that traditional cropping systems are well adapted
to the ecological, socio-cultural, and socio-economic conditions
of tropical agriculture.

The intensification of traditional cropping systems and especial-
ly intercropping is a challenge to researchers and extension offi-
cers. These highly complex cropping systems require completely
different approaches and new methods.

Even though research on intercropping systems has started only
recently, a considerable amount of knowledge has already been
accumulated and should be used when starting new or reorganizing
existing extension programmes for smallholders in the tropics.

It was the intention of the Federal Ministry of Cooperation, when
requesting the present state-of-knowledge report, that the avail-
able information on intercropping was compiled and made avail=-
able to development programmes.

Dr. Jiirgen Friedrichsen

Head of Division 13 (Plant Production and Forestry)




PREFACE
to the second >dition

It is encouraging chat a second edition of this publication is
required so soon aftevr the first. It met with great demand not
only from policy makers. scientists, er’ :nsion workers and jour-
nalists in all parts of tihe world, but also from the younger
generation., We were interesced to note the special attention
accorded to the work by this gyroup.

Traditional and improved intercroppring systems are now broadly
recognized as a feasible practice to¢ optimize crop production in
many developing countries. Intercropp.ng systems promote the use
of natural resocurces and at the same tiwe constitute a most ap-
propriate way of raising agricultural production in the tropics
and subtropics, especially given the limited availability of ex-
ternal inputs based on fossil energy.

The author has received valuable suggestions which ara> being
taken into consideration in a French edition currently being pre-
pared.

In view of the rapid acceptance of the English version we felt it

necessary to release a second edition to meet the demand at the
present time.

Dr. Jirgen Friedrichsen,
Head of Division 13

{Plant Production, Plant Protection and Forestry)
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1 INTRODUCTION

In the countries of tropical Africa, the increase in food produc-

!
n in recent years has not been able to keep up with the rapid

+3m
population growth. While the population has increased by nearly
3 % annually, food production has increased at only half that
rate. Most countries are no longer self-sufficient and need to

import food, at least in
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rapid population growth has caused land pressure in many areas.
The traditional farming systems, relying on a restoration of soil
fertility by means of a prolonged fallow period (bush fallow svs-~
tems) which had evolved over centuries and had proved to be suffi-
cient in the past, have not been adapted fast enough to the new
situation. Shortening of the fallow period owing to land scarcity
has provoked soil degradation resulting in decreased yields in
wany areas (GUILLEMIN, 1956; RUTHENBERG, 1980). Efforts made by
the governments as well as by development projects of industria-
lized nations to increase food production by the introduction of
new technologies relying on commercial inputs have not produced
the expected results. The new methods have mainly been adcpted

by larger and better-off farmers but hardly by the majority of

the small farmers {(80~%0 % of farms).

The steadily increasing prices of imported inputs that are based
on non-renewabkle resources (mainly oil) are reducing even further

the number of farmers who can afford to buy these goods.

It is evident that development policy in the past has neglected
the individual goals of small farmers and has tried to superimpose
societal goals (HARWOOD, 1979%). However, these goals did not coin-
cide, as most of those farmers are not commercially orientated.

The farmer values security and stability more than profit and he-
sitates to take unnecessary risks. Such risks include cash invest-

ments and new cropping systems that could lead to crop failure
and thus famine.
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Any efforts to develop small farms have to start with a proper
analysis of existing farming systems. This analysis has to iden-
tify situations in which existing farm resources are insufficient-
ly used. Changes in existing farming systems have to be planned
in close collaboration with the farmer. The farmer contributes
his intimate, often tacit, understanding of his own situation and
the factors that influence his productivity. Planning of small
farm development cannot be done by scientists of a single disci-
pline only, but needs a team consisting of at least an economist,
an agronomist and a soil scientist, allowing full understanding
of the interactions between environmental and social factors.

Analyses of smallholder farming systems in West Africa (NORMAN,
1973; LAGEMANN, 1977) reveal mainly the following constraints:
low productivity of soils, often combined with land shortage; la-
bour shortage, caused in part by low productivity of labour; un-

predictability of rainfall; lack of cash resources; and limited
access to credit.

A change in farming systems has therefore to include measures to
maintain or increase soil fertility, to increase labour producti-
vity, to give stable yields even with uncertain growing conditions
and to improve the efficiency of farm resources especially in the

case of lacking commercial inputs.

A central part of traditional farming systems in most parts of
tropical Africa is intercropping. In the following paragraphs this
cropping system is analysed from various aspects to see if it can
help to overcome production constraints. It was not considered
necessary to include descriptions of the various cropving systems,
as this would go beyond the scope of this report. The reader inte-
rested in cropping systems of specific regions is asked to consult
the literature, where detailed descriptions of cropping systems
down to the village level can be found (see, for example, OKIGBO,
1978; and the various volumes of the Atlas des structures agraires
au Sud du Sahara, ORSTOM).
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In the second chapter, therefore, only a general description of
typical traditional cropping systems based on major food crops is
given. Main emphasis in this chapter is placed on analysing the

contribution of intercropping systems to food production.

In the third chapter agronomic aspects of intercropping systems
are discussed. The central questions are whether intercropping
systems make better use of limited natural resources, such as
light, water, and nutrients, than sole crops and whether produc-
tivity of intercroprping systems can be intensified sufficiently
to meet the increasing demand for food. Therefore, a special pa-
ragraph is devoted to fertilizer use in intercropping systens,
even though the author is aware of the restricted availability
of fertilizers to smallholders in most parts of Africa. Further-
more, the contributicns of intercropping systems to yield stabi-

lity, soil fertility maintenance, and biclogical plant protection
are evaluated.

Chapter 4 analysen the socio-economic aspects of intercropping,
such as returns to land and labour, distribution of labour re-

quirements and risk aversion.

The report is mainly a review of the international literature, in-
cluding unpublished results on intercropping. Chapter 3, in par-
ticular, reflects the current state of knowledge on interactions
and resource use in intercropping systems. This does not exclude

existence of further interactions, such as allelopathy not men-
tioned here.

The last chapter gives an appraisal of intercropping in smallhol-
der agriculture and ends with a recommendation for applied agri-

cultural research and extension programmes for the promotion of
intercropping.

The report is geographically limited to West Africa. In this re-
gion all ecological zones from the rainforest to the Sahel, inclu-
ding tropical highlands, are renresented, and intercropping is

rather common. However, the principles of intercropping are also
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of value for other regions or continents. Specific for West Afri-
ca is probably the labour shortage in rural areas, due to migra-

tion to urban centres or regions with a strong plantation sector
which certainly influences the cropping systems.
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2. INTERCROPPING IN SMALLHOLDER AGRICULTURE OF TROPICAL AFRICA

Intercropping is a common feature cf agriculture in tropical Afri-
ca as well as in the Asian and the American tropics (DALRYMPLE,
1971; PAPENDICK, SANCHEZ and TRIPLETT, 1976; OKIGBO, 1978). Spe-
cific intercropping systems have developed over the centuries in
the different regions and they are closely adapted to the prevail-
ing ecological and socio-economic conditions. Therefore intercrop-
ping systems differ frequently from one area to another with chan-
ges in soils and local climates. Social and cultural conditions
may be superimposed on the ecological and economical ones, leading
to different cropping systems in the same ecological zone. Ethnic
groups differ, for example, in food preferences or their organisa-
tion of labour. The reason for these variations can sometimes be
found in migration from other ecological zones. In southern Came-

roon, for example, the principle staple crop of the Ewondo is coco-

——— s —— -

{see also Paragraph 2.3).

Recent changes in socio-economic conditions have had a consider-
able influence on cropping systems. Thus increasing demand for
cassava in the densely populated areas of southern Nigeria com—
bined with the migration of the active male population to urban
areas has caused a decline in yam cultivation in favour of cassava.
The population pressure in south-eastern Nigeria has also led to
an intensification of intercropping in order to increase the pro-
duction per unit area (LAGEMANN, 1977).

In general, there is no indication of any decrease in the impor-
tance of intercropping. On the contrary, as efforts of extension
services to introduce sole cropping have often failed, it has now
sometimes become government policy to increase production by im-
proving intercropping systems. For example, relay cropping of
maize with cotton is now being tried in Togo and after the collapse
of cassava production in the coastal region, intercropping of cas-
sava with maize and groundnuts - the traditional system - is now
being investigated by the agricultural research institute. As long
as agriculture is dominated by smallholdings with low or no capital
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inputs and the hoe is the only farm tocl, there is no technical

reason for sole cropping and intercropping will retain its impor-
tance.

2.1 Definition of Related Terms

Before going into details of intercropping it may be useful to
give a definition of the different terms related to intercropping
that are used in the literature. Terminology has been quite con-
fusing in the past, but it seems that the definitions given by
ANDREWS and KASSAM (1976) (Table 1) are now generally accepted.
Multiple cropping is the general term for all cropping patterns
where more than one crop is cultivated on a field in one year.

(In the American literature the term "polyculture” is still in
use) .

The various patterns of multiple cropping reflect essentially two
underlying principles: that of growing crops simultanecusly on

a given piece of land, i.e. intercropping, and that of growing
individual crops in sequence during one growing season on the same
piece of land, i.e. sequential cropping. In this context growing

crops "simultaneously" means that crops are grown together for
most of the growing period. This does not require that the crops
are planted or harvested on the same date. However, when the over-
lap in time is too small, for example only 4 weeks out of a grow-
ing season of 3~4 months, the term relay crop is used.

Intercropping systems themselves can be distinguished by the spa-
tial arrangement of the component crops, as the intimacy of the
Ccrop mixture has important effects on the interactions between

the crop species. The term "rcw intercropping” is used when crops
are planted in alternate rows, while "mixed intercropping" is used
when no specific spatial arrangement can bhe distinguished. The term
"mixed cropping” is normally used synonymously with intercropping.
It is still common in agricultural practice and therefore sometimes
used in this report too. Some authors, however, distinguish between
"mixed cropping” and "intercropping" in the sense of mixed inter-
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cropping and row intercropping. However, this distinction is not
logical and may lead to misunderstanding. Strip intercropping

is the growing of two or more crops simultaneously in strips. It
allows the use of large field equipment, but still has some bene-
ficial effects on crop development and especially on outbreaks

of insect pest. Strip intercropping is only practised in highly
mechanised agriculture, e.g. in the southern United States.
Multi-storey cropping is the association of tall perennial with
shorter, mostly biannual and annual crops. The canopies of the
crops have a multi-storey structure, allowing an efficient use

of sunlight. This cropping system is common in the humid tropics,
where arable (subsistence) crops are grown under perennial (cash)

crops such as coffee, cocoa, ©0il palms, coconut palms or fruit
trees. Often huge forest trees remain in the field, giving an
additional storey.

Definitions of the related terminology used in multiple cropping
systems are given in Table 2. Attention should be called only to
the difference between "sole cropping” and "monoculture" as these

terms are often used incorrectly in the literature. Scole cropping
is the cultivation of a crop in pure stands in one season, while

monoculture means the continuous cultivation of the same sole crop
on the same field for several seasons. In the following we distin-
guish mainly between intercropping and sole cropping or intercrops
and sole crops respectively (see also App. Table A 1).

2.2. Environmental and Socio-Egonomic Constraints in Agricultural
Production in West Africa

Agriculture in tropical Africa is dominated by smallholders.
Smallholdings are characterised by a limited production capacity
caused by an almost complete lack of capital and often aliso by a
restricted availability of labour. The productivity of labour is
generally low, because the cutlass and hoe are the only farm tools
used, the state of health of the rural population is often poor
and long walking distances cause losses of time and energy.
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Table 1: Pefinitions of the principle multiple sropping patterns
(adapted from ANDREWS and KASSAM, 1976)

MULTTPLE CROPPING: The intensification of cropping in time and space
dimensions. Growing two or more crops on the same
field in a year.

1. SEQUENTIAL CROPPING: Growing two or more crops in sequence on the
same field per year.* The succeeding plant is planted after the
preceding crop has been harvested. Crop intensification is only
in the time dimension. There is no intercrop competition. Farmers
manage only one crop at a time in the same field.

1.1 Double cropping: Growing two crops a year in sequence.

1.2 Triple cropping: Growing three crops a year in sequence.

1.3 Quadruple cropping: Growing four crops a year in Sequence.

1.4 Ratoon cropping: The cultivation of c¢rop regrowth after har-
vest, although not necessarily for grain.

2. INTERCROPPING: Growirky two Or more crops simaltaneously on the
same field. Crop intensification is in both time and space dimen-
sions. There is intercrop competition during all or part of crop

growth. Farmers manage more than one c¢rop at a time in the same
field.

2.1 Mixed intercropping: Growing two Or more crops simultanecusly
with no distinct row arrangement.

2.2 Row intercropping: Growing two or nore crops similtaneously
where one or more crops are planted in rows.

2.3 Strip intercropping: Growing two or more crops simultaneocusly
in different strips wide enough to permit independent culti-
vation but narrow enough for the crops to interact agronomi-
cally.

2.4 Relay intercropping: Growing two or more crops simultanecusly
during part of the life cycle of each. A second crop is
planted after the first crop has reached its reproductive
stage of growth but before it is ready for harvest.

2.5 Multi-storey cropping: Association of tall peremnials with
shorter biannual and annual crops.

* The farming year is 12 months except in aridic areas where only one
crop can be grown every 2 years due to moisture limitations. In
these areas sequential cropping involves growing two or more crops
every 2 years, ' '




Table 2: Related terminology used in multiple cropping
systems (ANPREWS and KASSAM, 1976)

Sole cropping: One crop variety grown alone in pure stands at nor-
mal density. Synonymous with solid planting; opposite of intercrop-
ping.

Monoculture: The repetitive growing of the same sole crop on the
same land.

Rotation: The repetitive cultivation of an ordered succession of

crops (or crops and fallow) on the same land. One cycle often takes
several years to caplete,

Cropping pattern: The yearly sequence and spatial arrangement of
crops or of crops and fallow on a given area.

Cropping system: The cropping patterns used on a farmm and their
interaction with farm resources, other farm enterprises, and avai-
lable technology which determine their makeup.

Mixed farming: Cropping systems which involve the raising of crops,
animals and/or trees.

Cropping index: The number of crops grown per annum on a given area
of land X 100.

Land Equivalent Ratio (ILER): The ratio of the area needed under sole
cropping to one of intercropping at the same management level to give
an equal amount of yield. LER is the sum of the fractions of the

yields of the intercrops relative to their sole crop yields (rela-
tive yields).

Area Equivalent Ratio (AER): The ratio of the actually cultivated

farm area to the sum of the equivalent sole crop areas of each crop
envolved.

Income Equivalent Ratio (IER): The ratio of the area needed under
sole cropping to produce the same gross income as one hectare of
intercropping at the same management level. TER is the conversion
of LER into economic terms.

80-90 % of the farms are smallholdings, with an average size of
1-2 hectares. In Nigeria, for example, 90 % of the farms are smal-
ler than 5 ha (OKIGBO and GREENLAND, 1976). In the Ivory Coast

64 % of the farms are smaller than 5 ha (Agric. Census 1973/74;
the percentage is relatively low, since the coffee and cocoa plan-
tations in the South are included). In Ghana 82 % of the farms are
smaller than 4 ha, and the mean farm size is oaly 1.5 ha (Agric.

Census, 1970). The situation is similar in other West African
countries. (See App., Tables A 2 a-g)
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Farm sizes depend mainly on the availability of labour at times
of peak demand, such as for land clearing and weeding. Only in
some areas of West Africa is the farm size limited by land short-
age due to high population densities. This is the case, for ex-
ample, in the Cameroon Highlands (average population density 150
persons/km? , maximum density 500 persons/km?), the Xano region of

northern Nigeria, southern Benin or on the Mossi Plateau, Upper
Volta.

Farms c¢an be very small in the forest region. Thus in the Bassa
country of southern Cameroon the mean size of farms cultivating
only food crops was reported as 0.72 ha (CHAMPAUD, 1973) (Fig.
1-3). GUYER (1977) reports from the Lékié area of southern Came-
roon that 0.3-0.4 ha are sufficient to feed a family of 4 people
and that this area is cultivated by one woman. Similar conditions
are reported from northern Ghana (HLNTER, 1972) where a farmer

supports a family of 3-4 heads with only 0.4 ha (see also Appen-
dix Table A 3).

On averade a farm consists of 4-5 plots of 0.2 ha each. These may
be located at a considerable distance from the wvillage. Therefore,
up to 30 % of the farmer's working time could be lost sclely in
walking to and from the fields (FLINN, JELLEMA and ROBINSON, 1975).

The average family size is 5«7 in the forest areas and slightly
higher in some savanna areas, where the traditional family orga-
nisation still exists (for example in the northern parts of Togo
and Benin the family size is greater than 10). The average family
has 2-3 active members (3-4 in some savanna areas) cultivating an
area of 0.5 ha each (see App., Tables A 2 a-g}.

African farmers devote on the average only half of their time
{1,200 hrs/year) to £field work. The rest of the time is absorbed

by construction works, off farm occupations and social obligations
(NORMAN, 1978; NWEKE and WINCH, 1980).
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Figure 1:

of southern Camercon (CHAMPAUD, 1973)
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Figqure 2: Area of food crops cultivated per head, Bassa .
country, southern Camerocon (CHAMPAUD, 1973) :

|
20 -
2 mean: 12,29 ares
E 15
=
k-]
£ 10
5 -
I [
-5 10-15 20-30 40-50 60-70 80-90
No fields 5-10 1520 30-40 * 50-60 70-80 90-100
Surlace in ares

Figure 3: Area of food crops cultivated per woman, ‘Bassa
country, southern Camercon (CHAMPAUD, 1973)
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Smallholder agriculture is mainly subsistence agriculture. This
is to say, the primary objective of production is tc satisfy
the food needs of the family, but not to produce for the market.
Only surpluses are marketed (Table 3). (See also Chapter 4)

Takle 3: Percertage of total production of main food crops marketed
by farmers in Eastern Cameroon (adapted from ATAYI and
KNTPSCHEER, 1980)

Total :
Crop ductnjﬁﬁb Cbmmmgm10n1) Sale1) SaleT)
kg kg kg %

Maize 870 600 270 n
Groundnut 390 - 210 180 46
Plantain 1090 720 370 34
Melon '

(equsi) 560 400 160 29
Cassava 930 660 270 29
Cocayam 860 630 230 27

1) Means of 216 holdings.

The rural exodus to urban centres and the plantation sector,
motivated by different reasons, such as hard farm labour, attrac-
tiveness of uvrban life, and also education policies, has led to

a scarcity of labour. In many areas only old men, women and child-
ren remain in the villages (e.g. Mossi Plateau (MARSHALL, 1977),
parts of southern Nigeria). Besides causing a shortage of labour,
the emigration of the male population has the secondary effect of
making the introduction of innovations more difficult, because the
older men are less interested in changes and the women are over-
burdened with field- and housework, and therefore not open to inno-

vations.

The shortage of labour could be at least partially overcome by an
increase in labour productivity, for example by introducing animal
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traction. However, most farmers do not keer animals that could
be used for cultivation, especially in the humid and semi-humid
tropics. Efforts to integrate animals into farming systems have

mostly failed because of disease problems and for sociciogical
reasons.

2.3 The Importance of Intercropping for Food Production

in West Africa

As stated in the previous paragraph, tropical African agriculture
is dominated by smallholdings and smailholdings practise mainly
intercropping (OKIGBO, 1978). The extent of intercropping, i.e.
the ratio between areas under sole and under mixed crops depends
on different factors such as the ecological zone, farm size and
crop species, and so varies from region to region. Gn the average,
however, 80 % of the cultivated area in West Africa is under mixed
cropping. The percentage is higher in the anglophone than in fran-
cophone countries due to the influence of the former colonial ad-
ministration and, after independence, of technical advisers. Fi-
gures from Nigeria, Ghana and the Ivory Coast reveal the predomi-
nance of intercropping and also demonstrate regional differences
as well as differences between crops (see App., Tables A 4 a-c}).

Yam, for example, is cultivated to a large extent as a pure crop
in the main yam growing area of the Guinea Savanna (e.g. Brong-
Ahafo in Guana) , while it is always mixed as a subsidiary crop

in the forest areas. An exception is given by Nigeria where yam

is a main crop in forest areas, too. The same is true of forest
areas in south-western Cameroon in villages with Nigerian immi-
grants. In the Ivory Coast, too, Baoculé immigrants from the South-
ern Guinea Savanna have brought intensive cultivation of yam with
them to cocoa growing forest areas.

Intercropping is generally more pronounced in forest than in sa-
vanna areas, as the holdings and fields are smaller in size and
as there is a greater number of crop species. In the forest areas
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perennial crops {cocoa, coffee, cola, oil palms, etc.) are an in-
tegral part of all cropping systems (multi-storey cropping), and
the possibility of planting and harvesting nearly all the year

round also favours intercropping. In eastern Nigeria, 62 different

useful plant species were counted on a single field (a bush farm)
(LAGEMANN, 1977), while in southern Cameroon 29 edible species and,

in addition, tobacco, were counted (MUTSAERS, MBOUEMBOUE, and MOU-

ZONG BQYOMA, 1978) (See also App., Tables A 5 and A 6)}. This number

increases further if we take into account, that of the most impor-

tant crop species several different varieties are always planted

(e.g. in Cameroon mostly 4 cassava, 2-4 sweet potato, and 2-3 coco-

ful plant species cultivated on a farm. But even if we consider

only the main food crops, quite a number (5-10) still remain.

The number of crops decreases as the distance from the house in-
creases. The highest diversity is found on compound farms, while
diversity is lowest on remote bush farms. (Farmers visit remote
fields as little as possible, to avoid a loss of time for walking
and therefore plant only a reduced number of crops.) Increasing
field and farm gizes are also related to a decreasing number of
crops (HOUYOUX, 1979). When studying the situation in a village in
eastern Nigeria, IGBOZURIKE (1978) found 17.8 of 20 important crops
on the compound farm, 12.2, crops on the second field, 11.8 on the

third, 8.0 on the fourth and 5.6 on the fifth field. Crop matrices
of geveral fields are shown in Table 4.

An example of high diversity is also given by OKIGBO (1978) who
counted up to 11 different species on individual yam mounds in
South eastern Nigeria (Table 5}).

In the drier areas of the Northern Guinea and the Sudan Savanna the
number of cultivated crops is of course reduced, because for ex-

ample, no perennial crops are grown except tree Crops such as

crop species still remain. In eastern Upper Volta, for example,

21 different crop species were counted in the fields (SWANSON,
1979).
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Table 4: Crop matrices on selected farms
Nigeria {IGBOZURIKE, 1978)

of a

village in eastern

F 133 F 102 F 99 F 42 F 12 Farm No.
12345 12345 12345 12345 12314 Field No.*
XXX XXX X X XX X x Banana

X X X XX XX XX XX XX X Cassava

X X X AxAXX X X XX X X Cocoyam
XX X XX X XXXX XX Cowpea
X X Xx Groundnut

X XX X X X% X 4 Kola

XXX X X XXX XX X x X X X Iocust bean

X X X X XXXXX X XX Maize
X X X X XXX XX X Melon

XX XX X x X X X XXX 0il bean
X XX XX XX X X XX XX XXXX 0il palm

X X X XX XX X XX XXX Orange
X XXX X X X X X X XXXX Pepper

XX X XXX X X X XX X XX Pigeon pea
z X X X X X X X Pineapple

X XX X X XX XX Plantain

X X X % b4 X XXX X X Sweet potato
X X X XX X Tormato
X X XXX X X XXXXX XXXX Vegetables
X X X X XXX X XXXZX X X X X X X Yam
*Field No. 1 = campound farm. Distance of field from the campound

increases fram No's 1 to 5,

Within the same ecological zone cropping systems vary with the
s0il quality. Thus, when describing the cropping systems of the
Bamilék& country in the Camercoen Highlands, VALET (1976) states
that the crop associations change with soil fertility not only
in quantity but also in quality. With increasing scil fertility

the number of species in the associations rises from 7 to 14.
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*
Table 5: Crop combinations on yam mounds of various sizes in south-eastern Nigeria (OKIGBO, 1978)

Tocations and Mound Sizes

Nkalagu . R
Emene 3 rion Ezillo Abakaliki Ikom
Crop Mound Size Mound Size Mound Size Mound Size Mound Size
0.8x1.3m  1x3m  0.9%2m  1.3x3m  0.4x1.5m PFfr"e“tage
No No NoNo No NoNo No NoNo No NoNo No No =T ¥

1 2 31 2 31 2 31 2 31 2 3

1. Dicscorea rotundata X X X X X X X X X % X X 80
2, D. alata X X X X X x X X 53
3. D. bulkbifera X X X X X X 40
4, D. cayenensis b 4 X X 20
5. D. dumetorum X X X 20
6. Cassava (Manihot sp) X X X X X X X X X X X 73
7. Cocoyam (Xanthosowa sp) X X 13
8. " (Colocasia sp) X X X X X 33
9. Maize (Zea mays) X X X X X X X X X X X X 80
10. Cowpea(Vigna sp) x X X 33
11. Pigeonpea {Cajanus sp) x x 13
12. Bambara groundnut

(Voandzeia subterranea) X X 13
13. Groundnut (Arachis sp) X X X X X X X X X X 67
14. Okra (Hibiscus sp) X X X X X X X X 53
15. Solanum sp X 7
16. Pumpkin (Cucurbita spp) X X X 33
17. Melon {Citrullus spp) X X X X X X 40
18. Telfairia sp x 7
19. Talinum triangulare X 7
20. Lagenaria sp X X X X X X 40
21. Capsicun spp X X X 3

No. of species per 9 B8 89 8 29 9117 66 7T 4 6 5

sample
* First figure indicates height of mound, second figqure the basal diameter.




Coffee (arabica), plantain, Irish potato and vegetables appear,
while bambara nut, cowpea and sweet potato disappear and ground-
tile soil there is a very high planting density and a nearly com-

plete soil cover. The variations can take place within short dis-
tances.

Social and cultural conditions as well as ecological and economic
conditions also influence cropping systems. Thus, in the Ewondo
country of southern Cameroon, for example, 64 % of the fields are
under 5 crops, whereas in the neighbouring Bassa country under the
same environmental and economic conditions more than half of the
fields are under only two crops (IRAT, 1977). Similar examples
exist in other countries. Food preferences also play an important

rol. - as can be observed when farmers having migrated from other
aress continue to grow certain crops, even if they are not well
adapted tc local conditions.,

The number of crop mixtures rises exponentially with the number
of crops. While the number is nearly unlimited in forest areas,
156 crop combinations were still counted in northern Nigeria

(NORMAN, 1974). There are some predominant crop combinations in
every agro-ecological zone. In the forest areas of Cameroon and

Ghana, the predominant cropping system consists of 5 crops (leav-

1977; BRUCE, 1980). In the Ewondo country of southern Camercon,
for example, 64 ¥ of the plots were planted with this mixture
(IRAT, 1977). Or in the Zaria region of northern Nigeria 7 crop
mixtures accocunted for about 51 % of the cultivated land, the

most common sorghum/millet intercrop occupying already 26 % of
the land (NORMAN, 1974) (Table 6}.

As mentioned earlier, cropping patterns depend on farm and field
size, and so they also depend on population density. In more den-
sely populated areas the crop diversity is high and tree crops
play an important role. This can be observed in the lowland tro-
pics, e.qg. eastern Nigeria (LAGEMANN, 1977),as well as in the
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tropical highlands, e.g. in the Bamilé&ké country of Camercon.

As the population density increases, however, not only the number
of crop species per field, but also the plant density rises, lead-
ing to a general increase in intensity. In eastern Nigeria the
maize population in a maize/cassava/yam intercrop rose from 400
stands/ha (4 plants/stand) in a low density area to 3,640 stands/
ha (5 plants/stand) in a high density area. Simultanecusly, the
plant density of the component crops also increased (LAGEMANN,
1977} (Takle 7). In socuthern Cameroon the plant density of all
crops except groundnut rose in more highly populated areas. Plant
density of plantain increased by nearly 50 % (IRAT, 1977)

(Table 8). It is assumed that the optimum plant density is already
exceeded in densely populated areas, because of low soil fertility
resulting from short fallow periods.

Table 6: The seven most frequent crop mixtures
in Zaria province, northern Nigeria
{Percentage cf cultivated land occu~-
pied by these mixtures) (NORMAN, 1974)

Millet/sorghum 25
Millet/sorghum/groundnut/cowpea 5
Millet/sorghum/groundnut 5
... Cotton/cowpea/sweet potato 4.
3
3
2

-

Millet/sorghum/cowpea
Cotton/cowpea
Sorghum/groundnut

=] N et B =
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Table 8: Plant densities of major crops in a low and a highly
populated area of southern Cameroon (IRAT, 1977)

High population density Low population density

Camponent. crops (plants/ha) (plants/ha)
Groundnut 94 000 103 000

Maize 2 600 2 000

Cassava 2 300 1 800

Cocoyam

(Xantho sp.) 3 300 2 600

Plantain

{(Musa paradisiaca) 472 319

Crop mixtures can be classified by the number of component crops.
While in the forest areas 3- to 5-crop mixtures dominate, 2-crop
mixtures are prevalent in the Northern Guinea and the Sudan Savan-
na. In northern Nigeria, for example, more than 40 % of the land
is under 2-crop mixtures such as millet/sorghum, sorghum/groundnut,
etc. (NORMAN, 1974} (Table 9). The same is true of Upper Volta
(MATLON and BONKIAN, 1980; McINTIRE, 1981).

Mixed cropping patterns have a space and a time component. The
space component is the spatial arrangement of the component crops,
i.e. the cropping pattern. The cropping pattern influences com-
petition, mainly for light, between the component crops.

Cropping patterns are determined by the environment. In forest
areas, regular spacing is rarely found because it is difficult to
achieve due to trees, fallen trees and stumps. Farmers make use of
slight changes in soils and topography by planting, for example,
cocoyam on concentrations of organic materials, and rice in depres-
sions. This kind of planting is also called patchwork, as crops

are not mixed regularly but planted in patches of different size
and form.
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Table 9: TImportant crop mixtures and percentage of land devoted
to mixture of one to six ciops in Zaria province in
northern Nigeria (NORMAN, 1974)

No., of crops Crops Percentage of
in the mixture cultivated area
Sole crops sorghum, groundnut, cotton 16,6 %
2 crop mixtures millet/sorghum, sorghum/groundnut,
cotton/cowpea, other combinations 42,1 %
3 crop mixtures millet/sorghum/cowpea,
millet/sorghun/groundnut.
cotton/cowpea/sweet potato,
other cambinations 23,7 %
4 crop mixtures millet/sorghum/groundnut/cowpea,
other cambinations 12,1 %
5 and 6 crop
mixtures 5,5 %

In some areas, however, and especially on older fields, planting
is more regular, as in parts of south-western Nigeria where cassa-

va and maize are planted on mounds, that are spaced approximately

Im X 1m apart. The same is true of yam in the Southern Guinea Sa-
vanna.

In savanna areas with ridge cultivation spacing is quite systema-
tic. The crops are placed at regular intervals on the ridges (Fig. 4)
Even without using a measure, the ridges are constructed at

more or less equal distances apart. The introduction of animal
traction is relatively easy under these conditions since no

change of cropping patterns is required.

A special form of intercropping has developed in some areas with
frequent waterlogging. In parts of Togo, Benin and Nigeria yam
mounds can reach considerable dimensions and mounds of 1m height
with a base diamter of 2-3 m can be found. The sides of the mounds
are planted with different crop species (Table 5). Rice grows on
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on the bottom between the mounds. An example from eastern Nigeria
is given by OKIGBO and GREENLAND (1976) (Fig. 5},

ropping patterns as defined above are twodimensional. However,
with the integration of tall perennials, such as bananag and
trees, they become threedimensional. As the canopies of the
crops from different storeys, such cropping systems ars called
multi~storey systems (see App., Fig. 2A4).

Multi-storey systems are quite common in the humid tropics. The
uppermost storey is often formed of giant forest trees, the se-
cond storey of coffee as well as cocoa trees mixed with plantains,
and the lowest storey ¢f annual, arable crops. From an ecological
point of view, multi-storey cropping is regarded as the ideal form
of crop production in rain forest areas, as it resembles the na=-
tural vegetation. In fact, multi-storey systems help to reduce
erosion and to maintain soil fertility. On the other hand, radia-
ticn is already low in the lowland humid tropics and a limiting
factor on crop production. Additional shading by trees can lead

to further reduction in yields (see Paragraph 3.1.1, 3.4.1, Table
t4). A multi-storey plant formation with perennial and annual
crops is typical of compound farms in the humid tropics, but also
quite common in the semi-arid tropics (SAT).

The following classification, based on village studies in eastern
Nigeria, is cited from LAGEMANN (1977) who divided the crops into
two different groups as a function of their height.

Tree crops

- 0Oil palms, coconuts {(20-25 m);

-~ Breadfruit, raffia palm, oil beans, avocado (12-20 m);
= Colanut, mango (8-15 m);

- Orange, grapes, lime, paw-paw (5-10 m);

~ Bananas, plantains (3-8 m).

Arable crops

- Yam (3-6 m);

- Maize (1.5-2.5 m);

- Cassava, cocoyam, pepper, telfairia (1-2 m};
- Groundnuts, melon, vegetables (0.1~0.3 m).
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Figure 4: Spatial arrangement of some Crop mixtures in northern
Nigeria
a. Three crop mixture: Millet/sorghun/cowpea
b. Four crop mixture: Millet/sorghum/groundnut/cowpea
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