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PREI'ACE

During the last ten years there has been an increasing awarcness
that the impact of the so-called areen revolution on smallholder
farining in developing countriecs has remained rather limited.

Duc to a lack of resources and increi¢sing prices of commercial
inputs the majority of small farmers in the tropics and especia’®-
ly in Africa were not able to benefit from the progress achicved

by international agricultural rescarch.

Hence, rescarch gave more attent ion to the analysis and subsce-
quent improvement of traditional sropping svstems and & niore effi-
cient use of limited resources. kescarch rosults obtained so far
made vvident that traditional Cropping systoms are well adapted
to the ceoloaical, socio-cultural, and socio-cconomic conditions

of troprcal aaricaltare,

The intensification ot traditional cropping systems and cswvocial-
ly Intercropping is a challenge to researchers and extension offi-
cers. These hiohly complex cropping systems require completely

different approaches and new methods.

Even though rescarch on inlercropping ¢ stems has started only
recently, a considerable amount of kncwledge has already been
accumulated and should be used when starting new or reorganizing
existing extension proarammes for smalliolders in the tropics.

Lt was the inteation of the Federal Ministry of Cooperation, when
requesting the present state-of-knowledge report, that the avail-
able information  on intercropping was compiied and made avail-

able to development programme:s .

Dr. Jirgen Fraiedrichsen

Head of Division 13 (Plant Production and Forestry)



PREFACE

to the second edition

It is encouraging that a second edition of this publication is
required so soon after the first., It met with great demand not
only from policy makers, sclentists, extension workers and jour-
nalists in all parts of the world, but also from the vcunger
generation. We were interested to note the special attention

accorded to the work by this group.

Traditional and improved intercropping systems are now broadly
recognized as a feasible practice to optimize crop production in
many developing countries. Intercropping systems promote the use
of natural resources and at the same time constitute a most ap-
vropriate wiy of raising aqricultural 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 are being
taken into consideratlion irn a French edition currently being pre-

pared.

In view of the rapid acceptance of the Enalish version we felt it
necessary to release a second edition to meet the demand at the

present :ime.

Dr. Jirger Friedrichsen,
Head of Divisicn 13

(Plant Production, Plant Protection and Forestry)



ACKNOWLEDGEMENTS

This report could not have been written without the assistance of
many scientists and technical experts. In particular, I should
like to express my gratitude to my colleague, Dr. J.X. TSCHIERSCH,
of the Research Centre for Internacional Agrarian Development,
Heldelberg, who participated in the farm surveys and gave me con-
siderable help in formulating the cconomic aspects of intercrop-

ping.

Prof. Dr. W. HORST and P'rof. Dr. B. OHNESORGE from the Universi ty
of Hohenheim; Dr. R. MEAD, Universit v ot Reading; Dr. B.T. KANG
and Mr. G.P°. WILSON of 117TA: Dr. D.E. LEIINER of CIAT read ecarlier
dratfts and suagesied corrections and tnprovements. Dr. PRINZ, Uni-
versaity ot diottingen; Mr. Eo O BACHMANN, University of Hohenheim,

helped by many fruit:al discussions.

I should alsu like to thank all those who helped to conduct the
tarm surveys and supplicd me with country -specific informations,
especrally Dr. P MATLON, L1CRISAT, Upper Volta; br. Y. BIGOT, GER-
DAT/IDESSA, tvory Coast; Dr., D, HUSSELBACH, GGADP, Ghana: Dr. D,
AY, LITA, Nigoeria; and M. SOFFO, CCCAO, Cameroon,

Nor aust 1 forget all the persons from the agricultural research
institutes, extonsion services, ainistries ot agriculture and Ger-
mar rural development projects ar Jamercon, Nigeria, Benin, Togo,
Ghena, Ivory Coast and Upper Volta who did not hesitate to supply
me with information and ideas during my visit, I wm also indebted
to reseavchers of LRAT, ORSTOM and ¥AQ who helped by information

and fruitful discassions.



2.4.1
2.4.2
2.4.3
2.4.4
2.4.5
2.4.0
2.4.7

W oW W
- s
W~ b |19}

[N}
B S P

(o8]
~
[ %

CONTENTS

Introduction

Intercropping in smallholder agriculturz
in tropical Africa

Definition of related terms

Environmenta: and socio-cconomic conscrainte
to agricultural production in West Africa

The importance of intercropping for food
production in West Africa

Lescription of the principal cropping systems

Cassava-based cropping systems
Plantain-bascd cropping systoems
Yam=based cropping svstems
Rice-based cropping systems
Sorghum-basced cropping systems
Millet-based cropping svstems

Maize-basad cropping systems

Agronomic _Aaspects

f__intercropping

Plant interactions in Intercropping systems

Intercrop conmpetition

Resource use in intercropping systems
Light

Watcer and nutr.ents

Nitrogen in legume/non-legume associations
Plant population and spatial arrangement
Plant population

Spatial arrangement
Evaluation of +vield advantaoes

The land-oquivalent ratio (LER)

Yicld assessment on the basis of plant con-
stituents

29

30

31

38

50

52
53
53

56
57
58

59
59

59
63
64
67
73
75
75
78

82

83
90



3.6.1.
3.6.1.

3.6.2

ta
[=2]
3]

3.6.2.2

3.6.3
3.6.4

“

Net income of intercropping systems
Yield stability

Adapting varieties to intercropping svstems

Genotype Dy cropping szvstems interactions

Breeding and selection for intercropping
systems

Soil fertility management

Soil related constraints co food production
ir the tropirg

Maintenance of soil fertilicty under traditional

croppiag patterns

Possibilities «f maintaining soil fertility
under condicions of smallholder farming

Fertilizer uce in intercropping systems

Nutrient requirements in intercrcpping systems

Fertilizer practices - rates, timiag and place-

ment. of fertilizers
Economics of fertilizer use

Pest and weed management in intercropping
systems

Influence of intercropping on population
dynamics of pr sts

Mechanisms c¢. pest control in heterogenous
plant populations

Crop coloni<aticn

Dispersal

Mortality bv natural encnriies
Asscciated resistance

Effects ¢f intercropping on pest damage
Effects of weeds on insect populations

Influence of intercropping on epidemics of
plant diseases

Mecharisms of disecase control in heteroge-
nous plant populations

cffects of intercropping on plant diseases
Efifects of intercropping on nematores

Effects of intercropping on grewth of weeds

Page

91
93

99

100
104

107

108

110

118

118
132

134

136

138

139
142
143
144

145
151
154

154
158

163
165



Page

3.7 Expcrimental designs for intercropping systems 169
3.7.1 Effects of plaant population and spatial arrange- 172
ment
3.7.2 Use of sole crop plots in intercropping experiments 174
Factorial experiments 175
3.7.4 Systematic designs 179
4. Socio-vconomic aspects of intercropping 185
4.1 Farmers’ motivations for intercropping 186
4.2 Maximising returns to the most limiting 190
factor
4.2.1 Returns to> land 191
4.2.2 Returns to labour 193
4.3 Risk minimization 197
4.4 Continuous and diversified food supply 203
4.5 Sexual division of labour 204
4.6 Influence of markets on intercropping systems 208
4.7 Flexibility ot intercropping systems 209
5. Conclusions and recommendations 212
5.1 Present state of research on intercropping 212
5.1.1 Summary >f research findinas 212
5.1.2 Research on intercropping in West Africa 221
5.2 Recommendations for agricultural research 224

and extension

5.2.1 Research priorities 225
5.2.2 Extension vrogrammes for smallholders 229
6. BIBLIOGRAPHY 235
Arpendix 231
1. Tables 253
2. Figures 301

i



Text Tables

Page

Table i: Definitions of the principal multiple crop- 32
ping patterns

Table 2: Related terminology used in multiple crop- 33
ping systems

Table 3: Percentage of total production of nain food 37
crops marketed by farms in casteorn Cameroon

Table 4: Crop matrices on selected farme of a village 40
in castern Nigeria

Table 5: Crop combinations on yam mounds of various 41
sizes in south-castern Nigeria

Table The seven most frequent crop mixtures in 43
Zaria province, northern Nigeria (Percentage
of cultivated 1and occupiced by these mixtures)

Table 7: Plant densitiecs of common mixtures found n 44
outer fields in three villages in eastern
Nigeria, June 1971

Table 8: Plant densitics of major crops in a low and 45
a highly populated arca of scuthern Camecroon

Table 9: Important crop mixturces and percentage of land 46
devoted to mixture of one to six crops in Za-
ria province of northern Nigeria

Table 10: Correlations between vields of cassava and 62
associated lequmes indicating degree of inter-
action between crops as a resalt of carliness
of legumes

Table 11: Grain yield of maize and cempanion crops in 74
an intercropping system

Table 12: Planting aecomet:ry at constant plant population
on the arain vield of sorvhum  (ka/ha)

Table 13:  Ceed yield and land equivalent ratio (LER) of 82
maize/soyaian intercropping system

Table 14:  vicld and LERs of 17 aenotypes of nigeon pea 87
intercropped with one of sorahum

Table 15: Variability (coofficiont of variability) 95
vegistered an different cropping svstems daring
3 vears and three replicates each vear

Table 16: Stability parameters, regression coefficient, 97

and mean square deviation from reqression S

- d?
of entries tor yield

13



Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

able

Table

17:

18:

19:

20:

21:

22

24:

25:

26:

27:

28:

29:

31

Yields of nine climbing bean collections
associated with two contrasting maize

types

Correlations of crop vields between two in-
tercropping systems.,

Effects of three years of cultivation after
forest clearing on CEC, pH and exchangecable
cations under different treatments

Soil losses and run-off under cassava mono-
culture and mixed cropping of cassava and
maize

Yield reductinn through shade of some major
crops in farmers' fields

Results from analvsis of soil samples

taken at three different sites near Acacia
albida trees

Yields of millet (yrains and protein in kg/ha)
at three differenc sites below Aracia albida
trees

Dry matter production and nutrient uptaxke
by maize and pigcon pea 16 weeks after
planting (i.c. at time of maize har-
vest)

Grain yield of maizc and soya bean inter-
cropped at varying levels of nitrougen and
corresponding LER values

Average relative yield totals for maize/
groundnut intercrops

Effect of prior cropping pattern (all wichout
added fertilizer nitrogen) on residual exchan-
geable soil nitrogci at 0 and at 19 weeks after
sowing and uptake of nitrogen by following
wheat crop

Value:cost ratios of fertilizers applied to
sole crops and intercropping systems in the
Savanna zone of Nigeria

Influcnce of field hue on stem borer oviposi-
tion in sole maize aad a maize/groundn:it in-
tercrop

Dry sced yieid of sole maize and sole cowpea
compared with two forms of intercropplng under
minimum inseccticide application

Effects of companion crops on maize stem borer
incidence

101

103

117

125

131

135

146



Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

33:

34:

35

40:

41

44

Predcoceous, parasitic and pbytophagous adult
insect species and individuals taken in 6060
sweeps of maize and sweet potato sole- and
intercrop

Examples of successful pest control by inter-
cropping

Incidence of pests and predators in different
bean-weed systems

Effects of a cassava-maize-melon association
on cassava bacterial blight (Xanthomonas ma-
nihotis) incidence in Umudike, Nigeria

Apparent infection rates (r) of cassava mildew
(Oidium manihotis) in different cropping sys-
tems, Turrialba, Costa Rica

Crop reaction to plant parasitic nematodes

Effect on weed growth of various crops grown
alone or in associations

Estimatz:s of returns to labour fo. traditional
and recommended maize practices - Tamale,
northern Ghana

Reasons given by farmers in northern Nigeria
Sokoto) for the practice of growing crops
in mixtures

Reasons given by farmers for growing crops
and crop mixtures

Average gross and net returns from sole crops
and crop mixtures

Labour inputs and net returns of sole and
mixed crops. bata of three villages in the
%aria region, northern Nigeria

Rainfall distribution and yields of the main
crops in the years 1967-1974 in the Southern
Guinea Savanna of Ivory Coast

Percentage of farmers reporting division or
labour in farm operations for the production
of food crops

Division of {iclds by crops and sex of the
main users

Pagge

152

153

161

1€4
1606

186

187

188
192

194

199

207

15



T Figures

S.ze distribution of fields in the Bassa
country of southern Camerocon

Area of food crops cultivated per woman,
Bassa country, southern Cameroon

Area of food crops cultivatad per head,
Bassa country, southern Cameroon

Spatial arrangement of some Crop mixtures

in northern Nigeria

a. Three crop mixture: Millet/sorahum/cowpea

b. Four crop mixture: Mi Llot/sorghun/qround-
nut/cowpea

Spatial distribution of crops on mounds in
Abakaliki, Contral East State, Nigeria

Crop ccological zones of West Africa
Cropping calendar of a plantain based crop-
ping system in southern Cameroon

Cropping calendar of a van~basced cropping
system

Croppina calendar of a rice-basod cropping
system in Sierra Leone

Cropping calendar of a4 sorghum=based crop-
ping system in the Sudan Savanna of Nigeria
Hatze-based cropping systems in the Cameroon
tHighlands

"Uompetition Gan', the period botween the ac-
tive growth of twn cropg

Growth in height o4 millet mixed with other
coreals

Interception of light by cassava during its
veqetative cycele and possible periods for
Interaropping

Root systems o matre and lucorne s,

Summary diagqram of the of fect of wind barriers

on micro-meteorological Tactors

Response of intercropping to total population

Populacion response of inaividual component
Trops i three intereranning exveriments

Response of cowpea

planting densivies

viela (sole and intercronped
cowpreas) to three spatral arrangements at three

36

48

49

51
52

55

56

57

58

61

63

66

69

72

17



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

18

21:

22:

24:

32:

33:

34:

Land cquivalent ratio values and number of
crors in different cropping systems tested
at Turrialba, Costa Rica, 1974-78

Yields of a 50:50 vesp. 25:75 soya bhean/

maize intercrop compared with the sole

crops in terms of eneray (keal), fat,

protein, lysine and methionine

Coefiicient of variability of cassava, common
bean, sweet potato, and maize in sole and dif-
ferent intercropping systems, Turrialba, Costa
Rica, 1974-78

Probabitity of failure for sorghum and pigeon
pea in differont cropping systems at given
Tdisaster' levels of incone

Effects of nitrogen application and tall crop
row spacing on the land equivalent ratio of

¢ maize/rice intercrop

Nitrogen response of a maire/bean intorcerop
on a Dystrandept in Turrialba, Costa Rica

Relative yields for maize and soya bean and
relative yield totals (RYT) nlotted against
the relative planting frequencies

Response of cassava and cowpea yields to
band-applied K in association as compared to
scle croos

The response of cassava and cowpea vields to
band-applicd % in association as compured to
sola crops

The response of cassava and cowpea vields to
band-appliecd P in association as compared to
sole crops

Effect of fertitizer nitrogen and croppina
system on nitrodgen uptake by wheat at anthesis
- maize/qgrounanut, maire/szova bean, sole maize
Cropping pattorn

Stages in pest populaty o dynamics which may
be affected by intercropping. Possible offects
of intercropping are shown on the right,

Features of the population dynamics of pests
affected by cropping patterns

E. kvaemeri and D. balteata adult population
dynamics in scle and intercropped (with maice)
beans

Effect of selective attack by disease and
pests

Page

85

92

96

98

127

146

157



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fiqg.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

44

47

48:

Apparent infec .ion rates in 50:50 mixtures
compared with those in sole stands of suscep-
tible plants planted at the same overall den-
sitic,,

The effect of changing the proportiong of two
species in a mixture on apparent infection
races.

Intensity of dawave of cassava dicback (Glome-
rella cinguiata) under low and high levels of
input in dificrent cropoing systems, Turrialba,
Ltosta Rica, 1977

The effect of different inputs on vield of
¢ t Y
sole and intercroppoed cassava

The influence of a low level of plant resis-
tance to pest attack on the effectivencss of
natural cnemies

Variation of intimacy and spatial arrangement
of cach crop for a two crop mixture

Onc replicate of a 3x2:2 factorial experiment
with two sole crop treatments, and arranged
in two blocks of 8 plots

WAHUA's and MILLER's fan design, modified
from NELDER

Two-way systematic spacing desigp for two
crops with densities varving in the perpendi-
cular direction

Layout of two replicates showing chickpea and
row=-arrangement strips, position of sole plots,
and direction of systematic change in safflower
population

Comparison of harvested arcas for randomized
and systematic desiqgns

Average labour input over time per activity
and entecprise in Osara village of the Southern
Guinca Savanna of Nigeria, 1977/78

Labour profile of AVB semi-motorized block
fields and traditional ficlds in the central
region of Ivory Coast

Probabilty of the appecarance of a 12 days period
with less than 20 mm rainfall in the Southern
Guinea Savanna of Ivory Coast

Probability (%) of excceding the sole crop
medium return

Probability of net incomes at two levels in
three cropping systems at several bean/maize
price ratios

Page

‘59

159

162

167

168

17

180

181

182

183

195

196

198

201

202



Fig.

20

50:

Probability of net incomes at two levels in
three cropping systems at several bean/maize
price ratios

Page

202



Appendix Tables

Table

A

1:

Table A 2:

Table

Table

Table

Table

Table

Table

Table

Table

A

A

I8

> >

A

A

A

W

French terms re.ated to cropping systems
General characteristics of holdings

a. Cameroon

b. Nigeria

C. Benin, Togo

d. Ghana

2. Ivory Coast

f. Upper Volta

Average cultivated area per farm worker in
Cameroon, by region or zone, 1965 (in ares)

Importance of crop mixtures

a. Nigeria
b. Ghana
c. Ivory Coast

a.  Jrops and useful plants. Survey in selected
farms of varying cropping intensities in com-
pound and outlying farms located in the de-
rived Savanna, transition and oil palm belt
zones of castern Nigoeria

b. Spccies occurving in groundnut ficlds in the
centre-southh of Jameroon

Subregional ¢rop combiinations in Cameroon
Characteristics or 1o Lioclimatic 1egions of
West Africa

Intercrepping svstems in Weost African countries.
Principal cropping systems within administrative
resp. ccological regilons

a.  Camerocn

b Nigeria

c. Benin

d. Togo

¢.  Ghana

f. lvory Coast
g. Upper Volta

Principal cropning svstems in lvorv Coast

a. Plantain-bascd cropping systems

b. Cassava-based cropping svstems

c. Maize-based cropping systems

d.  Yam-based cropping systems

¢. C(ropping systems including cocoyam

f. Rice-based cropping systems

g. sorghum-bascd cropping systoems

h. Cropping systems includina millet

i. Cropping systems incluaing aroundnuts

k. Yam-bascd cropping pattorns in eastern
Nigeria

10: Maturity period of crops

256
287
258
259

260

261

261
262
266

267

273

274
276

277

288
289
290
291
292
293
294

21



Table A 11:

Table A 12:

Table

22

A

13:

List of botanical names of crops and the respec-
tive English and French common names used in
West Africa

Consumption chart of a shitting cultivator's
family in Manhaua, Mozambique

List of institutes ana rescarchers working on
intercropping in West Africa



Appendix Figures

bage
Fig, A 1: Climates c. West Africa 301
Fig. A 2: Annual rainfall of West Africa 302
Fig. A 3 ‘agetation zones of West Africa 303
Fig. A Two~- and thrcedimensional cropping patterns 304

23






Any cfforts to develop small farms have to start with a proper
analysis of cxisting farming systems. This analysis has to iden-~
tify situations in which existi 3 farm resources aro insufficient-
ly used. Chanaes 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 influcnce his productivity, Planning of gmall
farm development cannot be done by scientists of a single disci-
pline only, but needs a toam consisting of ar least an cconomist,
an agronomist and a soil scientist, allowing full understandinge

of the interactions between envirvonment al and secial factors.,

Analyse: £ smallholder farmina systems in West Africa (NORMAN,
1973; LA 4MANN, 1977) roveal mainly the followirg constrainty:
low proeductivity o soils, often combined with land shortage; la-
bour shortage, causcd in part by low productivity of labour; un-
predictability of rainfall; lack of cash resources; and limited

acceess to credit.,

A change in farming systems has therefore to include measures to

maintain or increasce sotl fertility, to increase labour producti-
vity, to aive stable vields even with unce:tain arowing conditions
and to improve the efficieney of farm resources especialle in the

case ot Tackina commercial inputs,

A centrat part of traditional farming systems in most varts of
tropieal Africa is intercrooping. In the tollowing peraaraphe this
cropping system is analysed from various aspects to see if it can
help to overcome production constraints. It was not considered
necessary to inelude deseriptions of the various cropoing systens,

as this would go beyvond the scope of this report. The reader inte-

rested in cropping systems of specitic regions 1s asked to consult

\

the Trterature, where Jdetailed descriptions of cropninag sy

stoems
down to the village level can be found (soe, for examule, OQKIGBO,
PO978; and the various wvolumes of the Atlas Jos ostructures adraires

au Sud du Sahara, ORSTOM) .,



In the sccond chapter, therefore, only a general description of
typical traditional cropping systemg based on major food crops is
given. Main emphasis in this chapter is placed on analysing the

contribution of intereropping systeme to food production.

in the third chapter agqronomic aspects of antercropping systoms
are discussed. The central quest fons are whet her intercropping
systoens make boetter use of Lindted natural resources , such as
lisght, water, and nutrients, than sole crops and whether produc-
tivity of intercropping systems con be intensiiod sutficiently
to se et the increasing demand for tood. Therefore, a special wva-
pevgraph i devored to fertilizer use in Intercropping systoems,
even thoudh the author s aware of the restricted availability
ot tertilicers to o smallbolders tn most parts of Africa. Further-
more, the contributions of . nlercropping systems to vield «tabi-
Pity, soil tertility maintenance, and biological plant protection

wre evaluated,

Chapter 4 analvses the socio-cconomie aspects of intercropping,
such as returns to land and labour, distribution of labour ro-

quircments and risk aversion.

The report is mainly 4 review of the international literature, in-
cluding unpublished results on intercropping. Chapter 3, in par-
ticutar, retlects the current state of knowledge on interactions

and resource use inoantercropping systems. Thie does not exclude

extstonce ot further interactions, such as allelonathy not men-

troned here,

The last chapter gives an appraisal of inteveropping in smallhol-
der agqriculture and ends with a recommendation for applied aqgri-
cultural resecarch and extension programmes for the promotion of

tntoercropping.

The report is geographically limited to West Africa. In this ro-
gion all ccoloaical zones from the rainforest to the Sahel, inclu-
ding tropical highlands, are reoresent.dd, 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 arcas, due to migra-
tion to urban centres or regions with a strong plantation sector

which certainly influences the cropping systems.






inputs and the hoe is the only farm tool, 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 scems that the Jdefinitions given by
ANDREWS and FAGSAMN (1976) (Table 1) are now denevally accepted.

Multiple

iropping is the general term for all cropping patterns
whese more than one crop is cultivated on a Yield in one year.
(In the American literature the term "polycultur” is still in

usc} .

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

a given picce of land, i.c. ntercropping, and that of growing
individual crops in scquence during one vrowing season on the same
plcce of tand, i.e. sequential cropping. In this context qgrowing
crops "simultanecously" means that crops are grown together for
most of the growirg period. This does not requive that the crops
are planted ov harvestoed on the same date. lHowever, when Lthe over-
lap in time is too small, for example only 4 weeks out of a grow-

ing scason of 3-4 months, the term relay crop i used.

Intercropping systems themselves can be distinguished by the spa-
tial arrangement of the component crops, as o the intimacy of the
Crop mixture has ampertant effects on the interactions botwoen
the crop specics. The tern "row intercropping” ic used when crops
arce planted in alternate cows, while "mixed intercropping” is used
when no specific spatial arrangement can be distinguishod, The term
" el vy " e Cy e . - N . PR , H i S
mrxed cropping” s normally used svnonymously with intercropping,

Tt is still common i oagricultural practice and therefore sometimes

used in this roport too. Some authors, however, distinguish between

"mixced cropping" and "intercropping" in the scnse of mixed inter-
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cropping and row intevcropping. However, this distinction is not
logical and may lead to misunderstanding. Strip intercropping

is the growing of two or more crops simultancously in strips. It

allows the use of large tireld cquipment, but still has some bene-
fictal ¢ffects on crop development and especially on outbreaks
of insect pest. Strip intercropping is only practisced in highly
mechanised agriculture, o.g. in the southern United States.,
Multi-storey cropping is the assocrotion o tall perennial with
shorter, mostly biannual and annual crops. The canopies of the
crobs have aonmulti-storey structure, allowing an efficient use
of sunlight. Thos cropping system 12 common in Lhe humid tropics,
whoere arable (subsistomae) crops are grown undey poerennial {cash)
crops cuchoas cotfeo, cocoa, ol palpes, coconut palms or fruit
treca, Often huge forest troes remain in the field, giving an
additional storey.

befinitions of the related terminology used in multiple cropping

stems are given in Table 2. Attention should be called only to

the difterence between "sole cropping” and "moncculture” as these
terms are often ased incorrectly in the literature., Sole cropping
s the cultivaton of a crop in pure stands in one scason, while

monocalture means oo continuous cult rvation of the same sole croen
on the same ficld for several seasons. In the following we distin-
cursh mainly betwoeen intercropping and sole cropping or intercrops

and cole crops respectively (see also App. Table A 1),

- Environmental and Socio-Economic Constraints in Agricultural

Production in West Africa

Agriculture in tropical Africa is dominated by smallholders.
Smallholdings arc characterised by a limited production capacity
caused by an almost complote lack of caprtal and often also by a
restricted availability of labour. The productivity of labour is
acnerally low, because the cutlass and hoo are the only farm tools
used, the state of health of Uhe rural population is uften poar

and long walking distances cause losses of time and enerygy,
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Takle 2: Relited temminology used in multiple cropping
systoms (ANDREWS and KASSAM, 1970)

P —

Sole cropping:  une crop variety arown alone in pure stands at nor-
mal density. Synomymous with solid planting; opposite of inteicrop-

ping.

Monoculture: il repetitive arowing of the same sole crop on the

same land.

Rotat ion: The vt itive cultivation of an ordored succession of
crops (or crops and fallow) on the same land. One cvele orten takes

several vears te carpleto,

Cropprng pattern: Phe vearty seouence and Spatial arrangerent. of

Crops or ot crops anc fallow onoaogqiven area,

tom: The cropping pat terns uwhed on a farmn and thetr

interaction witi: fam resources, other fam entorprises, and avai-
Lable technoloay which detormine their mareup.

Cloppinyg

Mired farming:  Crarping svstoms which bivelve the ratsing of crops,

animals wwd/or troes.,

The nurber of crops green per annum on a given area

of Tarxd X 100,

Tand Fquivalent Ratio (LER): The ratie of the area needoed under sole
cropping te one of ihﬁ\x'«‘l'op};in"; at the same mnagerent Tevel to give
A cdqual wrount of yickds TER 15 the sum of the fractions of the
vields of the intorcrops relative to therr sole crop vielas {(relo.
Live vields),

: The ratio of the actually cultivated
the caquivalent sole crop areas of cach crop

alent Ratic (A

Farn Jaoa to ther s o
envolved.,

Income Fpuivalent Ratic {(IFER): The ratio of the arca necded under
sole croppdng to produce the sawe qrons income as one hectare of
intercropping at the same managem nt level, THP is the conversion
of LER into cconomic toims.

80-90 . of the farms are smallholdings, with an av rrage size of
=2 hectares. In Migevia, for cxample, 90 % of the farms are smal-
ler than 5 ha (OKIGBO and GREENLAND, 1976) . In the lvory Coast

64 4 of the farms are smaller than 5 Ma (Agric. Census 197 3/74;
the percentarge is relatively low, since the coffoe ana ~ozoa plan-
tations in the South are included). in Ghana B2 " of the farms are
smaller than 4 ha, and the mean farm size is only 1.5 ha (Agric.
Census, 1970). The situation is similar in other West African

countries. (Sce App., Tables A Z a=q)
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Farm sizes depend mainly on the a-ailability of labour at times
of peak demand, such as for land ¢learing and weeding. Cnly in
some areas of West Africa is the farm size limited Dy land short-
age due to high population densitics. This is the case, for ex-
ample, in the Cameroon Highlands (average population density 150
persons/km” , maximum density 500 persons/km®), the Kano region of
northern Nigeria, southern Benin or on the Mossi Plateau, Upper

volta.

Farms can be very small in the forest region., Thus in the Bassa
country of soutborn Camcroon the mean size of farms cultivating
only food crops was reported as 0.72 ha (CHAMFAUD, 1973) (Fig.
1-3). GUYER (1977) rveports from the LOkic arca of southern Came-
roon that 0.3-0.4 ha are sutficient to feed a family of 4 people
and that this arca 1o cultivated by cne woman. $imilar conditions
arc reportoed from northern Ghana (HUNTER, 1972) where a farmer
supports a ramily ot 3-4 heads with only 0.4 ha (sce also Appen-

dix Table A 3).

On average a farm consists of 4-5 plots of 0.2 ha cach. These may
be located at a considerable distance from the village. Therefore,
up to 30 ¢ o: tho farmer's working time could be lost sclely in

walking to and from the fields (FLINN, JELLEMA and ROBINSON, 1975).

The average family sive is 5-7 in the forest arcas and slightly

highcr in some savanna orecas, where the traditional family orga-
nisation still oxists (for example in the northern parts of Togo
and Benin the family size is grecoter than t0). The averaqge family
has 2-3 active membors (3-4 in some savanna areas) cultivating an

arce of 0.5 ha cach (sce App.. Tables A 2 a-g).

African farmers devote on the average only half of their time
(1,200 hrs/yecar) 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: Size distribution cf fieclds in the Bassa country

of southern Cameroon (CHAMPAUD, 1973)
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Area Of food crops cultivated per head, Bassa

Figure 2:
country, scuthern Camercon (CHAMPAUD, 1973)
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country, southern Cameroon (CHAMPAUD, 1973)
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smallholder agriculture is mainly subsistence agriculture. This
is to say, the primary objective of production is to satisfy
the food needs of the family, but not to produce for the market.

Only surpluscs ace marketed (Table ). (Sce also Chapter 4)

Takle 3: Percentage of total production of main food crops marketed
by fammers in Eastern Cameroon (adapted from ATAYI and
RKNIPSCHEER, 1980}

.. Total pr .
Crop duct 'L(‘Inn]?— Consunption R Salc] ) Salo1 )
kg kg kg %
Maize 870 600 270 31
Groundnut 390 210 180 46
Plantain 1090 720 370 34
P Melon
(equsi ) 560 400 160 29
Cassava 930 660 270 29
Cocoyam 860 630 230 27
L

1) Means of 216 holdings.

The rural exodus to urban centres and the plantation sector,
motivated by <ifferent rcasons, such as hard farm labow, attrac-
tiveness of urban life, and also cducation policices, has led to

a scarcity of labour. In many arcas only old men, women and child-
ren remain in the villages (e.qg. Mossi Plateau (MARSHALL, 1977),
parts of souting g Nigeria). Besides causing a shortage of labour,
the emigration of the male population has the sccondary of foct of
making the introduction of innovations more difficult, because the
older men ave less intercsted in changes and the women are over-

burdened with fictd- and houscwork, and thorefore 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 keep 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 discase problems and for saciological

reasons.

2.3 The Importance of Intercropping for Food Production

in West Africa

As stated in the previous paragraph, tropical African agricultur
s dominated by smallholdings and smallholdings practise mainly
intercropping (OKIGBO, 1978). The extent of intercropping, i.e.
the ratio between avcas under sole and under mined crops depends
«ndifferent factors such as the ccological wone, farm size and
crop upecies, and so varies from region to region., on 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 countrics due to the influence of the former colonial ad-
mintstration and, after independence, of tochnicel advisers., Fi-
gures from Nigeria, chana and the Ivory Coast reveal the predomi-
nance ot intercropping ond also demonstrate regional differences

as owell as Jdifforences between crops {sce App., Tables A 4 a-c¢).

Yam, for cxample, is cultivated to a large extent as a pure crop
in the main yvam growing area of the Guinea Savanna (o.q. Brong-
Ahafo in Ghana), while 1t is always mixed as a subsidiary crop

in the forest arcas. An exception i3 given by Migeria where yam

s a main crop in forest arcas, too. The same is true of forest
arcas in south-western Cameroon in villages with Nigerian immi-
grants. In the I[vory Coast, too, Baould immigrants from the South-
ern Guinea Savanna have brought intensive cultivation of yam with

them to cocoa gqrowing foroest areas.
Intercropping is generally more pronounced in forest than in sa-

vanna arecas, 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, coffoee, cola, 0il palms, cte.) are an in-
tegral part of ali cropping systems (multi-storew cropping), and
the possibility of planting and harvesting nearly all the year
round also favours intercropping. In castern Nigevia, 62 different
useful plant specics wore counted on g sinale tield (a bush farm)

(LAGEMANN, 797 7), whiie in southern Cameroon 29 odible species and,

toaddition, tobacco, were count ed (MUTSAFRS, MBOUEMROUL, and MOoU=-

SONG BOYOMAL 1978 (See g o Avo., Tables A 0 nd

Aon) . This nomber
nereases farthor 10 owe take inte acconnt, that o of the most innor-
tant crop species soveral dit foront

t varicties are alvays planted

locd i Cameroon most 1 4 cassava, O-d swees poetato, and -3 coco-

vam  (Hanthosoma

bovaricties) . The fiagmes cited inelude all use-

ful plant specics cultivated on a farm. but ceven 1Y we consider

, hes main ¢ ‘rana i '~ i i
only the main food crops, quite a number (5-10) still remain.,

he number of crops decreases as the distance from the house in-
creases. The highest diversity is found on compound farms, whilce
diversity s lowest on remote bush farms., (Farmers visit remoto
Drebds as Tittle as possible, to avoid a loss of time for walkinag
and therefore plant only a reduced number of crops.) Ineceasing
Sield and farm sices arce also related to a deciewing number of
crops (HOBYOUN, 1979) 0 When studying the situation in a village in
castern Higeria, [GBOZURIKE (1978) found 17.8 of 20 important crops
on the compound farm, 12.2. crops on the sccond field, 11.8 on the
third, 8.0 on the fourth and 5.6 on the fifth field. Crop matrices

of several ficelds are shown in Table .

An example of high diversity is also given by OKIGBO (1978) who
counted up to 11 different species on individual yam mounds in

South castern Nigeria (Table 5).

In the dricr arcas of the Northern Guinea and the Sudan Savanna the
nunber of cultivated crops is of course reduced, because for ox-
ample, no perenmial crops are grown except tree crops such as

Parkia

and Butvrospermum_sp., but a considerable number of

crop specics still remain, In ecastern Upper Volta, for esample,
21 different crop species were counted in the fields (SWANSON,
1979) .
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Table 4: Crop matrices on scelocted farms of a village in castern
Nigeria (IGBOZURIKE, 1978)

F 133 F 102 99 g2 P2 Farm Mo,
12345 12345 123495 123445 123405 Pield No.*
X NXX XXX X X < X X X N Banana
X X X X X XX XX NX XX X X Cassava

X X X XXX X X X XX XX Cocoyan:
X X ¥ NXX X XXXX X X Cowpoa
X X X X X X Groundnut
bN X X X X bd X X X X x | Kola
XXX X X XXX XXX X X X X X N | Locust bean
X X X X X X XX X XXXX X JX Maiee
X X X X X X X X X ¥ ot Melon
XX XX X X X X X X XXX X [0il bean
X X X X XX XX X xX XX XX XXXxx|0il palm
X X X XX XX X XXX Xx=x ~|Orange
X X X X X X X X X XXX X XXNXx Pepper
X X X XXX X X x XX XXX N XX Pigeon pea
X X X X X X XX Pincapple
X X X X X X X X X X Plantain
X X X X X X X X X X X Sweet potato
X X X X X X Tonato
X X X XXX X X N XX XXX X ¥XNX|[Vegetables
N X XX X X X X X XXX X XX X XN XX Yam

*Field No. 1 = compound farm. Distance of field from the camound
increases from No's 1 to 5,

Within the same ecological zone cropping systems vary with the
501l quality. Thus, when describing the cropping systems of the
Bami 1ok country in the Camercon Highlands, VALET (1976) states
that the crop associations change with soil fertility not only
in quantity but also in quality. v h increasing sobl foertility

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

Locations and Mound &

ikalagu Them
Juniction e
Crop :-k{)u::f' Sizc hw)d Size Mound Size und Size .»ourj._u‘aizc Percentage
0.6:1.2m 1x3m | 0.4%7.5m Frequency
o o No No N oo Noo ne
1 23 2 30 2 3
1. Diosscorea rotundata s XX X LA S > X 80
2. D. alata XX . e be % b5 53
3. D. bulbifera XX X 4 40
1. D. cayenensis B X X 20
5. D. dumetorum X X X 20
6. Cossava (Hanihot sp) X X X X x X X xXx X x x 73
7. (lantlosoma sp) X X 13
5. (Colocasia sp) X X X X X 33
o, i X X X X X X X x 3 X X x 80
10. CowpealVigna sp) x X X 33
] 11. Pigeompea (Cajanus sp) X X% 13
i 12, Bambara groundnut
! (Voandzeia subterranca) x x 13
13. Groundrat (Arachis sp) X X X X X X X X X X 67
14. Oxra (Hibiscus sp) X X X X X X % bie 53
12. Solanun sp X 7
16. Pupkin (Cucurbita spp) X X X 33
17. Melon (Citrullus spp) X X X X x x 40
16. Telfairia sp X 7
15. Talinum trianculare b4 7
20. lLagenaria sp X X X X X X 40
21, Capsicun spp X ¥ X 33
lo. of smocies per 9 8 8 9 3 2 9 9 11 7 6 / 4 6 5
sarple

* First figure indicates heicht of mound, secend fiqure the basal diameter.



Coffee (arabica), plantain, Irish votato and vegetables appear,

while bambara nut, cowpea and sweet potato disappear and ground-
nut, cocoyam, and yam (0. _dumctorum) decrease in number., on for-
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 ccological and economic
conditions also influence cropping systems. Thus, in the Ewondo
country of =outhern Cameroon, for excmple, 64 of the ficlds arce
under 5 crops, whercas in the nei ghbouring Bassa country under the
same environmental and cconomic conditions more Shan half of the
ficlds are under only two crops (IRAT, 1977). Similar examples
exist in othur countrivs. Food prefercences also play an important
role, as can be observed when farmers having migrated from other
areas continue to qrow certain crops, oven if they are not well

adapted to local conditions.

The number of crop mixtures risca exponentially with the number
of crops. While the number is nearly unlimited in forest arcas,
156 crop combinations wore still counted in northern Nigeria
(NORMAN, 1974) . There are some predomanant crop combinations in
every agro-ecological zone. In the forest arcas of Cameroon and
Chana, the prodominant vropping systen consists of 9 crops {leav-

tnp tree crops astde) : groundnut, maice, Cassava, cocovain (Xantho-

soma_sp.) and plantain (ATAYID and NTPSCHEDRR, 1980; FKARIFARLD,
1977; BRUCE, 1980). In the Ewondo country of southern Cameroon,
for example, 44 4 of the plots wore pilanted with this mixture
(IRAT, 1977) . Or in the Zaria reaion of port born Diaeria 7 crop
mixtures aceounted for about 51 % of the cultivated land, the
most common sorvhum/millet intercrop occupying already 26 @ of

the land , 1973) (Table o).

As mentioned carlicr, cropping patterns depend on far and field
size, and so they also Jdepend on population density. In more den-
sely populated arcas the crop diversity is high and tree crops

play an important role. This can be obscrved in the rowland tro-

pics, c¢.g. castern MNigeria (LAGEMANN, 1977),as well as in the
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tropical highlands, e.q. in the Bamildké country of Cameroon.

As the population density increascs, however, not only the number
of crop species per ficeld, but also the plant density rises, lead-

Ly to a general increase in intensity. In castern Nigeria the

maize population an a matse/cassava/yam intevcrop rose from 400

stands/ha (4 plants/stand) tn o dow density area to 3,640 stands/

Ba (0 plants/stand) ina ol density area. Simultancously, the
plant density of the component crops a so increased (LAGEMANN,
T977) {Pable 7). In southern Camercon the plant density of all
Cropsoexcept o aroundnut vese inomore highly populated arcas. Plant
Jdensivy o plantain inercased by nedarly 50 5 (ITRAT, 1977)

(Tablo 8) 0 1t 1s assumed that the optimun plant density is already
exceeded an densely populated arcas, because of low soil fertility

resulting from short fallow periods.

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

1. Millet/sorghun 25.8 &
2. Millet/sorghun groundnut/c W Hed
3. Millet/soranum grondnut 5.0
4. Cotton/covpua/sweet potato 4.3

5. Millet/sorghun cospea 3.9 ¢
6. Cotton/cumgpea 3.9 %
7. Sorghanyaroundnuat 2.8 ¢
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Table 8: Plant densitics of major crops in a low and a highly
populatad arca of southern Cameroon (IRNT, 1977)

IS e e e e |

e g cere o s Hiah population density tow population density
cagnent erops (plants/ha) {(plants/ha)
Groundnut 94 000 103 000

Maize 2 600 2 000

Cassava 2 300 1 800

Cocoyim 2 600
(¥anthosama sp.) 3 300

Plantain ]

(Musa paradisiaca) 472 319

Crop mixtures can be classified by the number of component crops.
While in the forest areas 3- to S-crop mixtures dominate, 2-craep
mixtures are prevalent in the Northern Guinca and the Sudan Savan-
na. I'n northern Nigeria, for example, more than 40 % of the land
is under 2-crop mistures such as millet/sorgbium, sorghun/groundnuat ,
cto. (NORMAN, 19740 (Table 9). The same is true of Upper Volta

(MATLON and BONKIAM, 1980; McINTIRE, 1981).

Mixed cropping patterns have a space and o time component . The
space component as the spatial arrangement of the component  croos,
i.e. the cropping pattern. The cropping pattern influcnces com-

petition, mainly for loght, botweon the component  crops.

Cropping patterns are determined by the environment . In forest
areas, rogular spacing is orarely found hecause it is difficult to
achicve Tue to trees, fallen frees and stumps, Parmers make use of
slight changes in soils and topography by planting, for example,
cocoyam on concent ratirons of organic materials, and rice in dopros-
sions. This kind of planting is also called patchwork, as crops
arce not mixed reqularly but planted in patches of Jdifforent size

and form,
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Table 9: Important crop mixtures and peccentage of land devoted
to mixtwre of one to six crops in Zaria province in
northern Nigeria (MORMAN, 107.4)

No. of crops
in the mixture

Percentage of

Crops ;
! cultivated area

Sole crops SOrdHRLn, Growdnut . cotton 16,6 3
2 crop ndxtures millet/sorghum, sorghum/qroundnut,

cotton/cowpea, other combinations 42,11
3 crop mixtures millet/sorghuny compea,

mi Lllet/sorghwmy/groundnut
cotton/cowpea/swoet pot ato,

other combinations 23,7 2
4 crop mixtures millet/sorghumy qroundnut /cowpea,

other cambinations 12,1 %
5 and 6 crop
mixtures 5,5%

In some arecas, 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 Im apart. The same is true of vam in the Southern Guinea Sa-

vanna.

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

more or less caual distances apart. The introduction of animal

traction is relatively casy under these conditions since no

change of cropping patterns is reguired,

A special form of intercropping has developed tn some areas with
frequent waterlogging, In parts of Togo, Benin ani Nigeria yam
mounds can recach 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 speeies (Table 5). Rice grows on
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on the bottom between the mounds. An example trom castern Nigeria

is given by OKIGBO and GREENLAND (1976} (Fiq. o).

Cropping patterns as defined above are twoedinmensional. However,
with the intearation of tatl perernnials, such as bananas and
trees, they become threedinensional. As the canopies of the
crops from difforent storvevs, such croppina systems are called

multi-storey syastoms (see App., Fig. Ad).

qulti-storey wystems 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 tives mixed with plantains,
and the lowest storey of annual, arable crops. From an ecological
point of view, multi-storey cropprng is regarded as the ideal form
of crop production in rain forest arcas, as it resembles the na-
tural vegetacion, In fact, aulti-storey svetoms help to reduce
erosion and to maintain soil fertility, on the other hond, radia-
tion is already low in the lowlaind hunid tropics and a limiting
factor on crop production, Additional shading by trees can lead
to turther reduction in yields (seoe Paragravihc 30001, 30401, Table
P o A multi-storey plant formetion with perenntal and annual
Crops is typical of compound Tarms in the humid tropics, but also

quite common in the semi-arid tropres (SAT) .

The following classification, based on village studies in castorn
Nigeria, is c¢ited from LAGEMANN {1977) who divided the crops into
two different groups as a function of their height.

Tree crops

= 01l palms, coconuts (20-25 m);

= Breadfruit, raffia palm, oil beans, avocado (12-20 m):

= Colanut, mango {(8-15 m);

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

= Bananas, plantains (3-8 m).

Arable cr

- Yam (3-6 m);

- Cassava, cocoyam, pepper, telfairia (1-2 m);

- Groundnuts, melon, veqgetables (0.1~0.3 m).
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Fiqure 5:

Spatial distribution of crops on mounds in
Abakaliki, Central East State, Nigeria
(OXTGBO and GREENIAND, 1976)
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Time is introduced as an additional component by phascd

planting. Quite frequently not all crops are planted and harves-
ted at the same time, due to differing maturity periods. Yam, for
example, s planted before the onset of the rains, while maize,
millet, ete. are planted only some months Later, after the rainy
season has begun. With cassavae it ois exactly the opposite. 1t is
planted four weeks aftoer maize, but not harvested until the follo-
Wing year (see Fig.o 7-11)0 As will be discussed lator (Paragraph
3.1.5), the time comparnont significantly increases the yield ad-

vantages of intercronping systoems,

The preceding paraaraohs have given some idea of the importance
of intercropping syiateums for food production in West Africa.
While there are ostimates of the acreaae under mixed cropping,

no figures are available for the percentage of food production
originating from intercropped C1olds. However, it can be assumed,
that the percentage 1s not much less than 80 roughly correspon-
ding to the acreage under mixed cropping. This means that inter-
cropping provides the major part of the food supply of the po u-
lation in West Africa and that a slight increasce in productivity
of these cropping systems will contribute more to the total food
production than a highor tncrease in the output of the relatively

fow modern commercial farms.

2.4 Description of the Principal Cropping Systems

West Africa is divided in climatic zones, forming belts of diffe-
rent diameters parallel to the degree of latitude (App., Fig. A 1),
Rainfall is gencrally decreasing from South to No.th (App., Fig.

A 2). While rainfall distiibution is characterized by a single
peak (monomodal) in the Sudan and Northern Guinea Savannas there
are two rainy scazons (bimndal) in the Southorn Guinea Savanna

and Rain PForest. These climatic sones correspond to vegetation or
agro-ccological zones (PAPADAKLS, 1965; FAO, 1978) (see App., Fig.
A 3 and Table A 7). Thus we can find in cach vegetation zone cha-
racteristic cropping systems based on ore or more crops typical

for that c¢nvironment (Fig. 6).



Crop ecological zones of West Africa (Adapted from PAPADAKIS, 1965)
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As there exists alrecady an immense number of publications, des-
cribing traditional cropping systems of various parts of Africa,
in the following only a simple classification of these cropping
systems is given based on the most characteristic and/or most
important food crop of the respective region. This crop is in
most cases opening the rotation after a fallow period. But it is
not necessarily the most imporiant staeple food, in respect to

total production (scc also App., Table A 9 a-g).

2.4.1 Cassava-Basced Cropping Systeums

Even though cassava is most common in the forest region and in
the Southern Cuinea Savanna, really cassava-based cropping sys-
tems are mainly founa on the poor sandy soils of the coastal belt.
Here, food crops other than cassava hardly give satisfactory
vields, except coconut or oil palms. Cassava is commonly associa-

ted with maize and cownca (see App., Table A 9 D).

With increasing length of the cultivation period and decreasing
soil fertility, cassava becomes the predominant staple crop in
many regions of the rain rforest and Southern Guinea Savanna, re-
placing especially other root and tuber crops like cocoyam and

yam, and to some extent maize.

Figure 7: Cropping calendar of a plantain based cropping
systam in southern Cameroon

First Year Second Year

ey

first Season Second Season first Season

Groundnuts L,
Maize 4_,‘ S
Cocoyam o ;

Cassava P e . U
Plantain o 3 R R
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2.4.2 Plantain-Bascd Cropping Svstems

Plantain-based cropping systems are predominant in the forest
arcas from the Ivory Coast to Cameroon, the only exception being

the castern part of Nigeria where vam is the principle crop. Major

tood crops in this system are plantain, cocoyam, maize and cassa-
va. The relative importance of cach Crop o omay vary, olten even withe-
in short distances, so that matse or cassava may become the maior

staple rooed.

Plantain and cocoyam are planted atter clearance at the beginning
of the scason; maise is planted after the onset of regular rains.
Cassava closes the rotation being planted only in the second and
thivd voear and qrowing rato the bush fallow.

secondary crops are yvam and groundnut (the first is a major crop
In Nigeria and the latter is a major crop in southern Cameroon) .
Diverse crops, mainly vegetables and spiees such as okra, red pop-
per, ote.s, are plantoed at o low density among the main crops {Fiqg,

7Y. Maroce 1s ogenerallw gqaining in tmportance since it CodquLres re-

Fatively little lTabour and 15 in high Jdemand, oven though it vy

not wel b adapted to the cnvironment and owing to Jow radiatiton and
hrab might tempecature (CHANG, 1981) vrelds do onot exceced 3 ot/ha.
Cassava production Looiaceteasing, too, and often replaces yam and
cocoyan, because it i canior Lo cultivate, gives higher vields,

o boettor adapted to poor sorls, and last but not least, is ecasier
Lo process, transport and store. Pree crops, such as ol palm, kola,

mango, orange o)

paraya often oo 2t random in the fields (see

alao f\i_\;‘., Tabice 9 a).

2-4.3 Yam-Based Cropping Systems

In the Guinea Savanna (Middle Belt) cropping systems are tradition-
ally based on yam. Here inpredictability of rainfall is high and

vield stability of most crops 1s low due to periodical water stress
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during the growing scason. This is cspecially true for the Sou-

thern Guinea Savenna and the Transition Zore (Derived Savanna) .

In Ivory Coast (Bouakl regron), tor cexample, in 2 to vears out
of ten there s a water detficit in the second and third decade

of May (and similar deticits ocour an July, Augquust and October)
(FRANQUIN, Cited trom JACOR, 1977) vesulting 1n signitieant vield
depressions of matse. Yam, cven thoudgh it can also Sufter from
water stress, gaives stul D the most stable yvields under these condi-
tivns. Thir s probably the reason for its amoortance in this cli-

mat 1o zone.

Tam s normally planted after clearance in the first year., Barly
and Tate yam (D, _rotunds and D. _alata) are usually plantoed in
the same ficeld, cither mixed or in scparate plots. bt is often in-
terplanted with cowpea or low populations of maise, cassava, voege-
tables and plantain, Yam is a wen's crop (sce Paragraph 1), with
men preparing the land, planting the vam and selling the harvest.

Women help in weoding and interplant "their crops at the foot or

between the mounds (Fig, 8).

fn the sccond year maise and/or rice are planted, also intevcropped
with various minor crops, and the cassava of the first vear,
Groundnut and cowpea are the main lequmes. While cowpoedas dare always
tntercropped, groundnuts are for the major part cultivated on se-
parate umall plots, only occasionally being interplanted with very

low populaticns of maive or cassava.

Matee and cassava are also gaining in importance in this climatic
regron, as they are casier to cultivate, store, process and trans-
port than yam. Another reason is, that yam is exclusively a men's
crop. When men migrate to urban areas, the women remaining switeh

over to maise and cassava (see also App., Table A 9 d).
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Figure 8: Cropping calendar of a yam-based cropping system
(OKIGHO and GRUENLAND, 19706)

Early yams _—

Early maize - _ -l
Melon

Okra

Early cowpea / /
Coltun / /
Pepper /

L als[o]w[ofuF[m[a]v]u[sTa]sTo[N]o 1]

2.4.4 Rice-Based Cropping Systems

Rice-basced cropping systems (upland rice) are common in the high
rainfall arcas from the western Ivory Coast to Sierra Leone. Here
the ficld is opened with rice, which is planted wich the first
rains and interplanted later with maize and cassava as well as

vegetables and spices (Fig, 9).

As usual, che cassava is not harvested uncil the second and thire
vear. Rice is planted mainiy as upland rice, while in the other
parts of West Africa it is usually planted as a pure crop (swamp

rice) in valley bottoms (bas-fonds) (see also App., Table A 9 [).
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Fiqure 9: Cropping calendar of a rice-based cropping systan
in Sicrra Leone (OKIGID and GREENIAND, 1976}

First Year Second Year

Upland rice ‘51::;__~____7,ﬂ_‘gififi:__,m__
- i

Cassava

Maize A:ff/// =
-~

Okra e
Pepper ==

Ll el alw] oo a]sToTw o a e [n]a]n 4]

2,4.5 Ssorghum-Based Cropping Systems

Sorghum~-bascd cropping systems are typical of the Northern Guinea
and the Sudan Savanna. Major crops in the systems are millet,

maize {enly in the Guinea Savanna), groundnut and cowpea (Fig. 10).
In most arcas two differont types of sorghum (red and white) are
jrown. Red sorghum is preferred for vrewing beer and is normally

planted on the aore fortile soils.

In some parts of the Sudan Savanna, o.q. in Upper Volta, sorghum
is often planted as a sole crop. Here groundnut and bambara nut
(YQgggggig_ggpgggfgggg) are planted by the women on scparate fields,

while millet is planted on the poorer and more shallow soils of

the catena {(o.g. on top of hills) (see also App., Table A 9 q),
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Figure 10: Cropping calendar of sorghun-basad cropping systoms
in the Sulan Savanna of Niveoria (NORMAN, 1973)

Sorghum

Millet 4__» ~
/

Millet

e
Sorghum /
/

Cowpeas

Groundnuts
Millet

Cowpeas / /
/ ~

\
\

Cotton

2.4.0 Millet-Based Cropping Systems

With decreasing rainfall (less than 600 mm) millet becomes the pre-
dominant food crop in the Northern Sudan Savanna and the Sahel.
The choice of crops is rather limited because of uncertain rain-
fall! distribution and the short duration of the qrowing scason.
Millet/groundnut and millot/cowpea are the most important cropping

patterns o1n this region (see also App., Table A 9 h).
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2.4.7 HMaize-Basced Cropping Systoems

Even though maize is an important staple food in the rainforest
and in the Guinea savanna, it is best adapted to the tropical
highlands wheve it has the highest production potential. Major

food crops associated with maize are cocoyam, yam, bean and ground-
nut {Fra. TH . Because of the relative low raanfall variability

in the highlands, vield stability of maivze is rather high (sce al-

50 App., Table A 9 ¢).

As already mentioned at the boginning of this chapter, traditioral
cropping systems are very flexible and well adapted to the Tocal
enviyronment, physreally as well as socially. Ana consequence,

the basic cropping svstems deseribed, vary under the influence of
climate, soils, topugraphy, lamd tenure, access to markets, food
proferences, ete. Vartations relate mainly to the choice of com-
ponent cropes as well as varieties, planting time, spatial arrange-

ment, and planting density,

Figure 11: Maize-based cropping systems in the Cameroon
Highlands
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3.  AGRONOMIC ASPECTS OF INTERCROPPING

In the previous chapter the predominance of intercropping in West
African agriculture was pointed out, This is in striking contrast
to the itmportance paitd to intercropping in agricultural research
in the past. Systematic research on intercropping has started on-
Iy recently, about 10 vears ago. Therelore it is not surprising

that our understanding of intercropping systoms and of methods

for their improvement s still limited. It omust be admitted, how-
ever, that considerable basic knowledge on mmterspecitie compoeti-
tron among vasture plants had alveady exasted (DE WIT, 1900 DO-

dALD, T960 5 DE WD and VAN DEN BERGH, 1965) .

In the following paragraphs a revicw is given of research results
concerning different aspects of crop associations, such as plant
interactions, Loceoding for intercropping systems, fertilizer use
nointercroppin,g, systoems, pests and discases in intercrops, and,
Last not least, experimental designs for intercropping trials. As
not enough results are available from African research institutoes
Vigures and exaiaples from othor regions had to be used, too. Bven
then many open questions remain in the Jdifferent pavagraphs. One
aim of the review is therefore, to emphastze the need for more re-

search on intercropping systoms.

3.1 Plant Interactions in Interccopping Systems

An examination of some concepts of how plants react in mixtures

is an appropriate first step towards understanding intere copping.

3.1.1  Intercrop Competition

Botanists define "plant interfercence” as the response of an indi-

vidual plant or species to its environment as modified by the

v
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presence of another plant or species (HALL, 1974, a, bL: TRENBATE,
1974} . Such interference can be noncompetitive, competitive or
complementary. Noncompetitive interference occurs when diftorent
plants shure a growth factor (light, water, nutrients) which is
present in sufticient amounts so that it 1o not limiting. Plant
yields are not affected by this tyvpe of interterence. compet it ive
tnterference, or stratahtforwerd o

et ition, occurs whon one wr

f

more growth factors are limitiag. o such cases the plant or spe-
civs which iy bettor equipped to utilice a growth factor (dominant
species) inereases tta o vield at the expense of the other plant or
species which seffers o yvield decrease (dominated species) . Con-
plementary intevference, or simply conplementarity, occurs when
one plant helps another, as o in the case of logumes supplying ni-

trogen to qrasses {cereals) via symbiotic rixation.

Interference vecurs amonyg plants of the same specivs in o single
stands and amona plants of the same and Jdifferent species Inoin-
tercropped systems. Noncompetitive interferonce is rare 'n agri-
culture. Competition or complementarity between plants and spoecios

1o the normal situation on farmers' fields. Farmers, bowever,

have obviously selected associations with roeduced competition that
thus give a vield advantage. In these associat tons Ue comnonent
Crops are not o competing for exactly the same overall growth factors
and t hus tnter-crop competition i less than Intra-crop competition,
THarimising intercropping advantages i therorore a matter of masi-
masing the degree of comploamentarity botween the components and
minimising inter-crop competition., on this basis, intercropping
advantages are more likely to occur where the component crops are
very difforent® (WIHLLEY, 1979),

Tt is useful to distinguish between spatial and temporal differen=
ces. Spatial diffevences are differences in height and plant struc-
ture as well as dif¥erences in the depth and structure of the root
system. They occur when, for cxample, cercals such as maive or sor-
ghum are mixed with lequmes such as qroundnut or cowpea. Spatial
differences mainly reduce the compotition for light. Bven more L=
portant than spatial Jifrercences are temporal Jdifforences. Thoesoe

occur in plant mixtures with different waturity periods. When the

60



yrowth patterns of the component crops differ with time, the crops
make theiv major demands on resources at diffoerent times, thus
decreasing competition (Fia. 12). Vory important vield advantages
have been reported when marked difforences in maturity poriods of
conponent crops exist, ANDREWS (1972) reported an 80 ¢ advant age
with 85-day pearl millet/150-day sorghum; KRANTZ ot al. (1970)
gained advantayes  of up to 73 % with various 80- to 100~day crops

and 180-day pigeon pea.

Figure 12:  'Campetition gap', the period botween the active
growth of two crops (cited from BAKER, 1974)

Millet
Sorghum

Growth rate

| I r T T T
L June July August  September * October

The same trend is to be obscrved in cassava interplanted with le-
Jgumes., In trials at CIAT (LETHNER, 1982) cassava vields were not
influenced by varly maturing species while vields wore reduced

by species with maturity periods exceeding 100 days, Interplanting
of carly maturing legumes, however, gave a full cassava yield

plus an additional loqume vioeld (Table 10).
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Table 10: Correlations between v.elds of cassava and associated
lequmes indicating degree of interaction between crops
as a result of carliness of lequmes (LEIHNER, 1982)

Crop qus to Ph€§i01”— C?ﬁygl?Lign cocffi;iehl
gical maturity cassava yvield - lequmes

Bean 80 r o= 0,01“'5'

Cowpea 90 r = O,OSn'S'

Groundnut 106 r =-0,14"5"

Soya bxan 125 r =-0,35*

Using crop mixtures of maize, sorghum and millet, BAKER (1974)
was able to demonstrate a clear trend towards a gain over sole
crops as the harvest dates of crops in the mixtures diverged. I'n
mixtures of cercals it is not only the Jifference in length of
maturicy that influences competition but also the dificrence in
plant height. Thus in mixtures with sorghum, vield advantageg
could be obtained when varictics diffoved in height by morce than
59 em and in age of maturity by more than 51 days {(PAKER, 1979)
(Fig., 13). In practice, however, the influences of plant height
and age of maturity, i.e. spatial and temporal effects, cannot

be clearly separated,

A long growing puriod1) is the precondition for mixing crops of
different maturity periods. Thercfore, in the humid tropics, with
a growing period excoeding 270 days, and also in the sub-humid
tropics with a growing period between 210 and 270 days, mixtures
of crops, especially those involving different length of maturity,
are common (see App., Table A 11). Yield advantages can no longer

be obtained in arcas with a growing period of less thar 120 days.

1) The growing period is defined as the period when both water
and temperature permit crop growth. The growing period is
longer than the rainy season, owing to residual soil mois-
ture (FAO, 1978).
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In these climates (Northern Sudan Savanna and Sahel) sole cropping
of short duration crops is predominant (KASSAM, 1979). However,

as will be demonstrated in the fcllowing chapters, farmers are
practising intercropping not only becausc of yield advantages.
While in arcas with gqrowing periods between 120 and 210 days in-
tercropping is the best way of making use of the entire growing
period, in the sub-hurid and humid arecas sequential cropping is

another alternative.

Figure 13: Growth in height of millet mivod with cther cereals:
O — o ax Ghana millet; e — e (a) ox Bormo millet, (b)
Bomo local maize, (¢) Samaru 123 maize, (d) 96 maize,
1 {e) Short Kaura sorqghum L3AKER, 1979)
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3.1.2 Resource Use in Intercropping Systems

As mentioned above crops compote for limited qrowth factors or
resources such as light, water and nutrients. All work on the im-
provement of intercropping systems aims at bettor utilization of

these resources .
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3.1.2.1 Light

Light as a growth factor differs from the other growth factors

(water and nutricents) in that it cannot be influenced directly by
man. Consequently, in modern agriculture using inorganic fertili-
zers and irrvigation, light often becomes the limit ing factor. one

aim of cropping systems (sole or mixed) 1u therefore to moke op-

timal use of light. This includes not only high light interception
but also an efficient use of Pight. Peak values of light intercep-
tion can in fact " achicved by sole crops with optimun plant po-
pulations. WILLEY and MATARAJAN (1980 a4, b) were aple to demon-
strate that the 90 0 peak light interception of a sorghum/piageon
pea intercrop was pearly identical to sole sorghum, even thouah
the intercrop gave a greater total vy matter vield and had a
stightly greater leatf area indes (LAL). in intererops, however,
the available tight s more efficientiy used, as the obtimal LAI
N

G S

Lo more «quickly oLl ained (#EETS, 1970), especially on bow

tility coile,

In intercropping systems dominant plants are, usually associated
with dominated plants. The taller plants are normal ly the dominant
plants, intercepting the greater share of the light. The -eduction
of light intensity caused by intercoption within a leaf canopy is
usually exponential (TPRENBATH, 1976). Conscgquently, the smaller
deminated plant grows loss than the dominant plant and slight dif-
ferences in height even in ecarly growth can occasion slrong com-
petition effects and increasing differences between domnant and

domi:z.ated plants.

Successful intercropping systems aim at reducing the competition
for light, i.c. the shading offects of the dominant vlant s, without
reducing light interception. Various jossibilitics exist such as
relay intercropping, planting the dominant crops 1n double rows
{groupina of plants), crientation of rows in an east-wost dircction,
increasing leaf inclination of dominant crops, and the qrowing of

shade tolerant plants and multi=-st orey cropping systems.
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The following cxample of a maize/groundnut intercrop, ccmmonly
planted in the humid fropics of West Africa is used here to illus-
trate this. As groundaut g vory sonsitive to shade, only low
maize populations are used (approximatoelts 5,000 pl./ha). This reo-
sults in relatively hooh por plant yrelds of marce, as there is
hardly any intra-uspoc: i competttion (especially for Tight), and
aonearly complete roundnut vield, 10, 1n umoe eod cropping sys-
Lemes, matee 1n plantod 1in rows, Ui ot ance brtweon the rows
should net fall below 1.9 3w, to onsure surfrcient insolation of
Che groandnut . Thus the mat.oo population and total vields of maice
can be rnercased only sindmally by this mothod, An increase of the

maize population ro possibhle only owhen matee and groundnut s are

Jrouved, ool planted in double o) Jquadruple rows with closer in-
Ler-row spacing, This al ows good radiat ion of both crops and re-
sults in g considerable 1nerease in the maree vield while the

groundnut yicld s oondy slhight 1y reduced  (seo Paragqraph 3.1.5).

An orieatation of the rows in an vast-west divection further redu-
ces shading of groundnuts and leads to an additional yield increase
(SCHILLING, 19¢5; PENDLETON, BOLEN and SEIF, 1963). 1t scems, how-
Dver, that this s offoctjve only in arcas with high 1nsolation .
MUTSAERS (1978) was unable o obtain yield differences by 41 ffo-
rent orientation of rows in his trials i1n the forest area of south-

orn cameroon.,

More of ficiront use of Light can be obt ained, too, when the Jdomi-
nant species has inclined leaves (citod from TRENBATH, 1976). This
not only allows a botteor use of Light withir the plant ttself, but
also increases the amount of Tight available Lo the dominat.od
plants. In recont vears plant brecders have therefore selectod
malze varteties with inclined leaves, vspecially for maicso/ casnava

and maize/cocovan it e FCrnpnng stems (FITY resp, IRA, Cameroon) .

Relay intercropping 1o anot hor w, voof reduciag compoetition for

Tight by avoiding coinciidence of maximuam ]iaht Intereention of the
component crops. Cassava, for example, with its slow initial deve-
lopment lends itself Lo relay cropping. Light interception is still

low in the first three months, thus allowing the cultivation of a
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short duration intercrop. Light interception decrcases ancw at
the end of the growing cycle so that intercropping again becomes

possible (Fig. 14).

Figure 14: Interception of light ly cassava during its vegetative
cycle amd possible periods for intercropping {(IEINER,
1982)
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Plants have differing abilities to compete for light. Several
plants can adapt themselves to low light intensities. Adaptations
include reduced rate of dark respiration, lowered root/shoot ratio
and greater leaf area/leaf weight ratio. Increased stem extension
usually occurs in shaded plants and can sometimes prevent a shor-
ter component from being overtopped (TRENBATH, 1976). One cxample
is cocoyam (Xanthosoma_sp.) which has a high shade tolerance and
is often cultivated under cocoa. The growth type of cocoyam varies
considerably between shade and open light conditions. Plants grow-

ing under shade have longer petioles and much larger leaves than
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those exposed to direct sunlight. Cowpea, too, has some shade to-
lerance and adapts itselfl to light conditions under tall corcals,
cuch as sorghum and maigze. vam, too, as a forest plant is relative-
ly shade-tolerant whi le cereals, such as maice, and cassava are
very sensitive to shade, oven ! houah there might be varicetal dif-
forences.

One cropping system which makoes very effitciont spatial use of
Light, 15 multy=storey cropping, where Crops ranging from tall
Lrecs to low growing annuals form Jdifferent canopy lavers, Each
Cron appears well adapted to its particular Light niche. NALR
(1979 gives an oxcellont descriprion of a mult I=storey systom
with coconut palms. In such a system fhe total optimum LAL iy
much hraher than in a sole crop, i.e. Light use officiency is also

higher,

3or.2.02 Water and Nutrients

Competition for soil factors botween ifferent component crops
usually starts carlier than competitron for light, because the
root-system develops fastor than the sboots. As water and nitrate
ions are more mobile in the sorl than, for example, potassium and
phosphate and as they are asually taken up at higdher rates, the
2ones of therr depletion around act tve root s will increase faster.
Compettiton for aorl Yactors (wioter and not rrents) owill occur as
Soon s the depletion zones of coots of the component crops over-
Lap. The depletion cone for water, for example, can extond up to

) -

Jooom

from 1 single reot, just to give an idea of the distances

involvoed.,

Mobile fons such as nitrate are ecarricd away passively in moving
soll watcer, Their depletion zones correspond therefore to those
for watur, provided that the ions are takon Upoas fast ae they

arrive at the roots., Nutrients lik. phosphorus and cations like
ammoniun, calcium, and potassium are absorbed onto the surfaces

of soil particles. Their concentrat ion in soil water is low and
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they move only by diffusion. Since diffusion is a relatively slow
process, a phosphate depletion vone may extend up to 0.7 cm from
the root surface after a week (cited from TRENBATH, 1976) . This
means that in the end competition for nutrients Jdepends on the
mobility of nutrients an the sorl, Competition is high for mobile
nutricents that ave moved by mass (low to the roots (NU;, My, Ca),
and compertitiron s low for immobile nutrioents (V, 1, Nll.l). For the
tatter, competition can be expected only when root densitices are

hiah.

Since the same principles apply to competition between individual

rootsoas to competition between roots ot different plants, the

spattal distribution of individual roots in regions of root-syvatem

vverlap can anfluence the intensity of the competition offects.

However, when discussing interspecifire competition for sorl factors,
ttors o not oonty the spatal dostribution and the density of root
systems that s of paportance, but also other charactoeristies as:
carlyoant tast penctration of the soil; high root/shoot ratro;

hragbh root Tenath/root weraght ratro; many and long root hatrs; and
anoactive roor metaboliam assuring a high rate of diffusion and
ke of nutrients. All these factors together contribute to suc-
censon conrpetrtion, Parlier uptake, whatoever the mechanisms, seems
toobe the Rey to o success oin competition for mobile nutrients (FREN-

BATH, 19746},

The assumpt ron that intercropping systems make botter use of soil

onoure

s ois basod mainly on the consideration that the rcot sys-
tems of component crops do not interfere with cach other and exploit
dittferont sorl lavers (stratification of the root systems). Thus,
1nocombination they may exeloit a qreater total volume of soild
(WILLEY, 1979, When otudying the uptake of solutos by root systoms
trom the sorl, BALDWIN, TINKER, and NYE (1972) “ound that the Bpas-
tial distribution or pattern of sironaly absorbing roots can areat-
Ty effect the uptake. The root pattern can decrease the uptake

(of ions transported by diffusion) by at icast 7% o, depending on
the diffusion cocfficiont, time and root density, BALDY (1963)

explains come of the yield advantages in a legume/corcal intercrop
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by the different colonisation of the soil with legume and cercal
roots. While the cercal roots colonize the soil nearest the sur-

face, the leaumes have a very deep=reaching root system (Fig., 16).

A greater uptake of moarn nutrients by ntercrops comparced to sole
crops was shown by several authors. While some aut hors report an
tnevecse only for some nutvients (LIBOON and HARWOOD, 1975 nd D,
1980 for nitrogen; HALL, 1974 L for potassium), ot her authors ro-
port an increase for all marn nutrients, sneluding caleiun and
agnesvum ADALAL, 1974 NATARAJAN and WILLEY, 1980: REDDY and
WILLEY, 1981).

Prgure 15: Root systens of marce (lett) and luovrne (right).
Maximun density of the matze root systom is near
the surface (0-30 au), while the root systom of
Lucorne hass its masimun Jdensity in greater depth
(40-90 an) (BAIDY, 1903)
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In a millet/groundnut intercrop the LER values for uptake of N, P,
K at final harvest wore 1.25, 1,28 and 1.26 respectively {(for defi-
nition of LER see Table 2 and Paragraph 3.2.1). These values were
similar to the LER of 1.8 for total dry mattoer, indicating that

the greater vield from Intercropping was associated with a greater

and commensurate uptake of nutrients (REDDY and WILLEY, 1981).

Dependiag on the nutrient supply, theve are different reasons which

caull lead to an increased uptake 7 nutrients by intercrops.

(1) Im the vase of a fixed (limit:d) supply of nutrients (for ex-
amprle Poand K)o high rooting density and Jdifforing root pat-
terns will lead to a better penctratien of the sourl and thus
a better extraction of nutrients, o aldition, some Crops may
profit trvom the better disintegration abilitics of the associa-

tad crop for some nutrvients, especially phosphorus.

(2} In situations of continuous g ns (by minecralication) or con-
Linuous losses (by leachina, cspecially of nitrate ions) of
nutrients intercrops make bettor use of the actual supply
through a bettor distribution of demands over a prolonged
period. Deep roots of associated crops can bring nitrate ions

aqgain to the surtace.

(A rather ditferent temporal offect could occur when nutrients
released from one crop as a result of senescence of plant parts
are then made more readily avai lable to another crop; for example,
there i cvidence than shade trees above corcain crops can have
the benetficial offect of bringing to the surface, via leaf fall,

nutrients which are normally unavailable to crops).

The ef focts of Iintorcropping on water use have received less atten-
tion than the «ffects on nutrient uptake, but there is some ovidence
that the water-use ofticiency (WUE) is highor in intercrops than in
sole crops. BAKEE and NORMAL (1975%) sugostoed that betler water use
was probably o corpon cause of vicld advantages in semi-arid tropi-
cal arecas, becausce this was the most limiting resource. When studying
4 sorghun; placon pea intercropping system, NATARAJAN and WILLEY

(1980) reported that the total water use was little affected by
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the cropping system. Total water use till harvest by sole and
intercropped pigeon pea was 584 and 585 mm. Thus the yield advan-
tages of the intercropping systom were not achicved at the oxpanse
of greaters overall demand on soil moisture. The total water demand
was dependent only on the lenath of the growing period and not on
the growth pattern ot the crop. DE {1980) reported an increased
water-use erficiency of intercropping systoms with maise. The WUE
was 1003 for sole maize inercasing to 1o.8 and 19,9 in intercrop-

prng systems with soyva bean and mung respectively,

A pousible reason for the increased WUE with intercropping is the
windbreak effect when low growing plunts such as lequmes are inter-
planted with tall plants such as maize and sorghum, This leads to
an o increase an humidity and a reduction in transpiration. Crop
assoctations allow a4 better net assimilation rate of cach plant at
a constant temperature poer ounit of consumed water (BALDY, 1963},
The evapotranspiration can be reduced by coertain crop mixtures.,

The advantages of mi

docropping are greater inoa climate with
high insolation (semi-arid tropics), a. this lmproves the growing
conditions of the dominated plants, The windbreak of fect can be
achioved oven with only a small porcentage of tall plants (L5 %)
that are at leass 2o-30 cm above the sheltered crop  (HAGEN and
SKIDMORE, 1974). Temporary windbreaks Jdo not of course affect
only the relative humidity and cvapot ranspiration but change the
microclhimate considerably, as can be sceen from Fig., 16 (MARSHALL,
1967 in RADKE and HAGSTROM, 1976) .

Since the sieltered crop produces more dry matter and higher
yields (provided that no competition for light occurs), it is
using the available water more officiontly, The transpiration to
evapordation ratic 14 probably higher thay that of unsheltered
crops. & signitficant difference in the soil moisture for the shel-
tered versus the unshelterad arcas under dryland conditions has
never been found (RADKE and BURROWS, 1970; RADKE and HAGSTROM,
1976) . This concurswith the findings of NATARAJAN and WILLEY
(1980) .
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Pigure 16:  Swmury diragram of the offect of wind barriers on micro-
meteoiological Cactors. Y height of barrier (MARSHALL,
1967)
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Yield advantages obtainoed by varictal mixtures of one crop (e.q,.
sorghum) using varictics of different heights, could be partially
explained by the sholter otffeet which the higher variet ics exert

on the lower ones, and by more ofticiont use of light.

When discussing windbroak ciivets, the tunction of the tices as a
bermanent windbreak must also be mont ioned. Fupecially an the semi-
artd tropics, cog. o in the Northern suinea savanna, (fruit bearing)
trees are often mnte mrated ot o the ficlds, Besides ot her functions
Lhey also act as pormanent windbreaks, A mere 15 {recs/ha provide
sufficient shade and wind protection to improve the growth of field

crops (PROTHERO, 1977, ).



3.1.3 Nitrogen in Lecune, - Loegume Associations

A special situation tn resource use occurs vhen legumes are inter-
cropped with non=loeaumes. Yield advant ages (examples from Africa:

EVANS, 1960; ANDREWS, 1 9725 SCHILLING, 1965: MUPSARRS , 1978) are

B

more difficult to interpret as interspecific competition is compli-

cated by the svmbiotic nitroaen fixation of the Jeaumes. As poin-
ted ot carlice, - et ition between coreals and legunmes is often
reduced because of great spatial and ternoral differences. There-
fore, vicld advantages in legume/non-legume intercrovs are only
partially due o nitrogen Pivation, but cxperimental desians often
donot allow a specific nitrogen bonefit Le be distinquished.

In general, there 1s no direet evidence of a quantitatively signi-
ficant transfer of nitrogen from logunes to non=leqgumes while the
legume plants are arowing actively (HENZELL and VALLIS, 1977). Thus
Lo mainly the next crops in the rotation which vrofit frwm the

residual effects (see also Paragraph 3.5).,

Imcontrast (o the findinas of VIRTANEN and VON HAUSEN (1931) and
VIRTANEN, VON HAUSEN and LAINE (1937) root nodules do npot oxcreto
nitrogen before the roots decompose. Howoever, as in anv o case a cor-
tain amount of roots decays already during the growina scason,
there is adwavs some artrogen released that could be taken up by
assoctated crovs, This may help to explain why in many cases cereal
vields are higher in association with legumes than in sole crops

(HEGEWALD, 1978; DI, 1980) (Table 17).

Hon-legune crops will profit of course oSt from associated
legunes with a short maturity period, that release substantial
amounts of fixed nitrogen during periods of hiah N-demands

of the non-lequme crops. Thus maize will profit more from inter-
cropped areen aran
and PAYEMID, 1972)
daris) IRGEWALD, 1978).

than from cowpea (AGBOOLA

than from heans (P, _vul-

73



Table 11: Grain yield of maize and companion crops in
an intercropping system (DAS, S.K. and MATHUR,
B.P., cited from DE, 1980)

Grain yicld (ka/ha)

Cropping system Maizo Crnqpnlon LER
crop

Maize 3130 - 1.00
Maize/groundnut. 3150 440 1.15
bhizo/chon qram 1570 260 1.22
(V. radiata var. aureus)
Maize/cowpea 3580 310 1.24
Maize/black qram 369 580 1.33
(V. munao)
C.D. (DP=0.05)

Yield advantages of cercal/leqgume intercrops are usually higher
with low soil fertility than with high soil fertility. In trials
with maize/soya bean and maize/groundnut intercrops LERs of 1.47-
1.63 were obtained in unfertilized plots while LERs were reduced
to 1.1-1.2 when nitrogen was applied (SURYATNA and HARWOOD, 1976;
LIBOON and HARWOOD, 1975; MUI'SAERS, 1978).

This is sometimes referred to an "N-saving of feet” . When legumes
are substituted by non-legumes on o soil where the nitrogen supplv
is limited, the remaining non-leqgumes should be able to take up
more mineral nitrogen per plant than they would in a pure stand
(HENZELI, and VALLIS, 1977). This cexplanation, however, is some-
what doubtful, It is more likely that LERs ar~ decreasing with in-
creasing soil fertility, becausce the non-lequmes (especially maize)
become more domirant and suppress growth of the legumes. In addi-

tion, high nitrogen rates reduce the symbiotic nitrogen tfixation.
Nitrogen fixation by legumes can re ch considerable amounts. Cow-

peas can fix between 64 and 131 EgN/ha/vear and soya beans between

64 and 104 kg N/ha/year {(ALEXANDER, 1961 in KANG, NANGJU and AYANA-
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BA, 1977). These amounts of fixed nitrogen may supply a major part

or all of the nitrogen needed by the crop.

When studyving residual effects of legume crops, NNADI (1978) found
that residual nitrogen in tatercropped plots {(sova bean/maize;: cow-
poa/maise) was stuaniticant ly lower than in sole croppew legume-,
indicating that farmers would qot Littl or no benefit in terms
of residual nitrogen when cowpeda and soya bean are intercroppoed
With maitze (s alao Paragraph 3.5). These findings would support

the thesis of a Jdirect N-transtfoer from legumes Lo non-legumes.,

Pven though the mechanisms of N-trans fer from legumes Lo non-le-
gumes in o crop associations is not completely understood, there is
no doubt that the yield advantages of intercrops compared to sole
crops at low fertility levels is caused by oan imbroved nitrogen

supply of the non-legumes.,

3. 1.4 Plant Population and Spatial Arrangement

Interactions in intercropping systems are considerably influenced

by the plant population and spatial arrangement.

3.1.4.17 Plant Population

Plant population defines the number of plants per unit arca, which
determines the size of the area available to the individual plant.
Spatial arrangement, on the other hand, defines the distribution
pattern of the plants over the ground whic', determines the shape
of the arca available to the individual plant. While this is rela-
tively simple for a sole crop, it becomes complex in an intercrop
situaticn where, with regard to plant number, both total population

and component. popuiction have to be distinguished.
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Figure 17: Response of intercropping to total population
(WILLEY, 1979)

(a) (b)
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and to 0.314 kg/plant in a millet/sorghum/maize intercrop. There-

fore, the overall gain can be increased by hiqgher plant populations.

Results of intercropning trials in India with 80~ to 90-day cercals
and 150- to 180-day pigeon pea (ICRISAT, 1977; FREYMAM and VENKA-
TESWARLU, 1977 and SHELKE, 1977 cited in WILLEY, 1979} suggest that
the optimur nlant population can be increased,in the oxtreome, up

to full sole crop ootinum of cach crop. This is supportod by results
obtainad from cassava/ leaume intoruroppinq trials at CIAT (LETHNER,
1982; THUNG and Coc:, 1979). "The balanece botwooen maximising grain

lequme yields whiloe minimizing cassava vield reduction aqain appears
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to be the use of those planting densities for association which
approach the optimum in monoculturc” (LELENER, 1982). The total
population in intercropping can reach therefore twice that of

either sole crop optimum (i.c. 100:100 component population).

Becouse of these possible differences in population response

calculations of vield advantages should be made betwee= sintercrop
and sole crop at their respective optimum populations (HUXLEY and
MAINGU, 1978). Only then il can be cscertained whether or not the

farmer will benefit technically from a mixture or a sole crop.

Component populations mainly determine how much of the final yield
is contributed by cach crow. It is, howover, impossible to predict
yields tor changing component populations, becruse there is not
enough precise information on the competitive abilities of crops
and the factors affecting them. Competitive ability is not a con-
stant and quantifiable function of a given crop, but depends on
the actual population situation. All component crops become rela-
tively more competitive if thev form a larger proportion of the
total population; and dominant crops become oven more dominant
when the total pepulation increases (WILLEY and OSIRU, 1972; WILLEY,
1979) (Fig. 18).

3.1.4.2 S8patial arrangement

In crop associations importance attaches not only to the component
populations but also to the distribution of the different species
in the field, i.c. the planting pattern or spatial arrangement. The
efficiency with which solar radiation is utilized by the component

crops depends especrally on the planting pattern.

It has been svggested sometimes that to obtain maximum benofit
from any comy.cmentary effects, crops sheuld be associated as inti-
mately as possible and some experiments have supported this (AN-
DREWS, 1972). However, mixed intercropping is disadvantageous from

the practical point of view, cspecially when planting is mecharized.
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In addition, there are more examples where planting in alternate
or multiple rows gives higher yields than mixed intercropping

(DALAL, 1974, 1977; SANCHEZ, 1976). Bspecially where the shorter
comnonent crop is susceptible to shading, some "grouping" of the
crops is advantageous as it ensures that the lower component re-

ceives a reasonable amount of light (WILLEY, 1979).

Figure 18: Population response of individual cauponent Crops
in three intercropping experiments (WILLEY, 1979)

{a) Maize/beans (b} Sorghum/beans  (c) Sunflower/fodder radish
(WILLEY and OSIRU. 1¢ 12)(WILLEY anc GSIR'), 1972)(LAKHANI, 1976)
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Planting in alternate rows is in itsclf a kind of grouping. In the
case of combinations of tall crops with low growing, shade sens:-
tive crops, better results are obtained, however, when the sp.*ial
arrangement is changed from a quadratic to a rectangular pat.ern,

as this allows wider inter-row spacing. For cxample, plant.ng
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cassava in a 2 m x 0.5 m spacing aives the same resulls as the
usual 1 m x 1 m spacing, the important fact being that the total
plant population is not changed (CASTRO, in press, cited from
LELHNER, 1982). However, the rectangular pattern allows the inter-
planting of 2-3 lines of lequmes, i.o., a much higher leqgumo popu-

lation than would be possible with the usual 1 m % 1 m arrangement.,

At CIAT best resules were obtained with a cassava spacing of 1.8 m
x 0.6 m and interplanting of 2 rows of legumes (cowpea or ground-

nut). The highest cowpea yields were obtained and almost complete

balance between the two specics was achieved with this arranjement

(THUNG, 1978 cited from LETHNER, 1982) (Fig, 19).

In cereal based intercropping studies in India it has been found
that rows of the dominant cercal can be qrouped more closely to-
gquther (while maintaining the optimum populat.icn) to increase the
vield of the sccond component with vivtually no 1nss in the cercals
vield (DE, 1589) (Table 12). This ig cspecially important when
intercropping aroundnuts which are very sensitive to shade and
suffoer high vield losses when planted in alternate rows with ce-
reals (matze, sorghum, on miliet). Here, double rows of the coreal
and triple to quadruple rows of aroundnuts give the highest LER

and a balanced yield of the coreal and qroundnuts.

Table 12: Planting geometry at constant plant population
(180.000 pl./ha) on the grain yield of sorghum
(ka/ha) V) (DE, 1980)

I~ Grain yield
Flanting pattern rain yielc ~|
- ) ka/ha
Uniform rows 495 an 4410
hl

Uniform rows 60 wm (1 row intul‘cx'c»p)“) 1220

Paired rows 30-30-60-30-30 ¢ (, row intercrop) 4370

Paired vow 30=-30-60-30-30 ¢m (2 row intererop) 1280

Pairea row  30-30-90-30-30 an (2 row intercrop) 41340

1Y Average of 20 experinents 197.4-1977,
2) Soya bean.
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Figqure 19:

Response of cowpea yvield (sole and interceropped  cowpea)

to three spatial arranqenents at three planting densi-
tics (FONSECA, 1981, cited fram LETHRER, 1982)
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Another pogsibility is to decrease the planting distance within
the rows of cereals, thus allowing wider inter-row spacing. By
maintaining a plant population ot 60,500 plant: ot maizce/ha in a
trial in India (DE, 1980), no Jdifferonce occurred whitther the rows
were placed 60 em oor 120 cm apa.t. In the interven ng spaces of
120 ¢m three yows of soya boan were plantoed which increased the

LER by 54 poer cont (Table 13).

Table 13: seod yield and Land Equivalent Ratio (LER) of
wad ze/soyva boan intercropping system (DE, 1980)

. Seed yield (kag/had .
ye oot o : )3 / 3
Cropping systom Maive S0ya boean LER
A b a-

Maize T 60 e rows 2370 - 1.00
Maize 120 cm rows 2410 - 1.02
Maize 120 an rows o+

3 rows cf soya bean 2320 1310 1.54
Soya bean 45 an rows - 2340 1.00

1) Maize plant population 65,000 per hectarc.

3.2 Evaluation of Yield Advantages

The preceding parauraph gave reasons for yield advantages in inter-
cropping systems. This is the appropriate point to explain how
vields of intercrops are compared to those of sole crops. As yields
of different crops cannot be compared directle with cach other

and therefore not simply added together, special methods have to
be used. Quite a number of different methods have been developed
in the part, but the discussion here is limited to baste principles
and the current methods. one possibility 1s to compare component
viclds with theirv sole crop vield for overy crop in L.hu mixture

and add the ratios toqgether. Another possibility is to compare

the land arca necded to obtain similar component yields in sole



and intercrops. Evaluations car be made on the basis of constitu-
ents such as calories, fat, crude protein, lvsine, methionine

(BEETS, 1977}, or on the basis of not income. All these possibili-
ties have their advantages and disadvantages and the method to be

used depends on the objectives.

3.2.1 The_tand-Egquivalent-Ratio (LER)

Several different concepts have been developed to assess yields
of intercrops: the relative coetficient (DE WIT, 1960), the com-
petition index {(DONALD, 1963), the relative vield total (RyYT)

(DE WET and VAN DEN BERGH, 1965), the agressivity (McGILCHRIST,
1965) the relative replacement rate (VAN DEN BERGH, 1968) and the
competitive ratio (CR) (WILLEY and RAO, 1980) , but the use of the
Land equivalent ratio (LER) (IRRI, 1974, 1975) has bhecome common
practice in Intercropping studies, because it is a relatively
simple concept. The land equivalent ratio may be defined as the
roelative land arca under sole crops that is roquired to pretuce
the vields achicved by intercropping. It is usually stipulated
that the "level of managemont” must be the same for intoerveropping
and solo cropping. HUXLEY and MALNGU (1978) have pointed out that
intercrop and sole crop have to be at their optimum vopulations,

as differences in population responses are possible,

An imrortant concept inherent in the use of LER:S s that , whatoever
their type or level of wicl-i, d1 fforent crops are placed on a rela-
tive and directly comparable basis. Although based on land arcas,
LER also reflects relative vields (the relative vield total is
numerical to LER), i.c. the LER c¢an be taken as a measure of rela-
tive yvield advantage (ICRTSAT, 1978). The ratio is calculated in

the following way:

¥ Y Y N Y
A B N N
LER = L, + Lo+ ... L, = —2 Voees m— = D
[
A B N Sy g Sy = Sy
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where LI\' LB LN are the LERs for the individual crops, YI\’ YB’

YN are the individual crop vields in intercropping, and S,\, Sl}’
'

SN are their yields as sole crovs. A ratio 2> 1 signals vield

advantaqge, and a ratio <: P vield disadvantage. For example, a LER
of 1.2 indicatee a vield advantage of the intercrop over the sole
crops of 20 %, f.e. sole crops would require 20 % more land to

achieve the vield obtained by the intorcrop.

In this way the LER ropresents the incrcased bicological officierncy
achicved by urowing two crops together in the specific onvironuent.
The LER term is asually applicd to combined intercrop yields but
can cqually be applicd to the intercrop vield of cach component
crop (IAA + I.H
help in better understanding ot the concept and use of the land

LER)Y . The tollowing example (MUTSAERS, 1978) should

cquivalent ratiol The trial was an addition series consisting of
4otreatments:

t. wole groundnut (250,000 pl./ha- 100)

2. groundnut v omaice (100 ¢ 33.3)

J. groundnut ¢+ waize (100 @ 66.6)

4. sole maize (41,666 pl./ha = 100)

The following vields were obtained,

i oroumdnu il = ten
Treatment 1: - 613.9 O + 1.0 =1.0
Treatment 2: 769.5 417.0 0.56 + 0.68 = 1.24
Treatment 3: 861.9 442.7 0.62 + 0.71 = 1.33
Treatment 4: 1,380.6 - 1.0 + 0 = 1.0

The LERs for treatment 2 and 3 are calculated in the following

way':

109.5 417.0

I'rcatment 2: LER = 73806 t T3 0.56 + 0.68 = 1,24
Treatnoent. 3: LER = 861.9 + 442.7 0.62 + 0.71 = 1,33

1,380.6 613.9
As the LER is a relative figure, it does not reflect the absolute
yields. Large values can be obtained because of high yields in in-
tercropping but nl'so because of small vields in corresponding sole

crops. Therefore absolute yield figures have to be given together
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with the LERs. This method alone allows comparison of different

intercropping situations.

In the example used the intercrop consisted only of two Crops.

"tields consist often ot threo or more

Yet intercrops on farmers
crops. The biological erficioncy o1 a cropping system increasoes
with the mmber of crons, reaching ity bt at g cortain num-
berof crops. MOREND and HART (1979) round A posrtive linear ro-
Fationship between the LER and number of Ccropsoup too 3 {(Mia, 200,
Thevetfore the optimun LER ey perhaps bo o obtained by intorcrops
of three or more component cropic As Uield trials are normally
carried out with only two to threoe croms, however, this gquestion
Ccan not vet bhe answered, (RUPHENBERG (1380), referring to studies
from northern Nigeria, suggosts tncreased LERS only up to two

crops.)

Figure 20:  Land cquivalent ratio values and
nunber of crops in different crop-
ping systoms testod at Turrialla,
Costa Rica, 1974-78 (MOREM) anxd
HART, 1979)
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There are situations where it is not advigable, when calculating
the LER, to use the sole crop vield of the same variety as that
employed in the :ntercrop. When studving diffoerent genotypes for
their suitability for intercropping, the interveron yield should
be compared with the sole crop yield ot the boest gunotype (as sole

crop) .

The following example taken from MEAD wul WILLEY (1979) may help
to explain this. 17 yenotypes of pigeon pea were intercropped with
sorghum. LER values calcuiated for intercrop vields, using a con-
stan: sole crop vield for sorghum and soloe crop yvields of the
appropriate pigeon pea genotyvpes (columns d-6), show that quite
Large pigeon pea LERs (and thus quite larae total LERs) occur whore

sole pigeon pea yields are poor (Table 1d).

Thus o simple LER provides a measure of biological efficicency

for cach gyenotype combination but it is not always suitable for
comparing combinations. For the purpose of comparing such genotype
combinatioas as cited above it may be sensible to use the same
standardizing factors for cach combination, so that 1‘-:\ and SH are
defined as maximuun or "averaae” sole crop yields tfor the troat-
ment:soused in the cxperiments. Columns 7-9 show LERS caleulated

in this way using the sole crop vield of the best pigeon pea geno-
type, thus indicating combinat ions which are dentinely more pro-
ductive. The same approach may be used in experimonts combining
different genotypes for each crop. To detormine the highest over-
all vielding coubination, comparisons might be made with the hiqgh-

estoyrelding aenotypes of cach cerop.

"he method of standardiszation should be varied according to the
foim and objective of the crperiment o A good example of when a
single standardizinag sole crop vield would be agqronomically valid
ts where treatments consist of Jdifferent plant vopulat ions and
spacings because, as HUXLEY and MAINCO (1)78) have cmphasicod, all
intercrop vield should be compared with the sole crop oat its op-
timun population and spacing. Populations and spacings are casily
and cheaply adjusted (at least in theory) and intercropping should

therefore be compared with sole plots which are at maximum produc-
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Table 14: Yield and LERs of 17 cenotypes of pigeonpea intercropped with cne of sorghum,
using constant sole crop vield for sorghum (3952 kg/ha) but {a) sole crop
yield of appropriate individual genotypes for pigeorpea, and (b) sole crop
vield of best pigeonpea genotype (MEAD and WILLEY, 1979)

(kg/ha) (b) LER using pest

it :
Ticld Flgeonpea genotype

(a) LER using appropriate indi-
Intercrop A .

507« vidual pig
ploconpea sorahun Placonied  gorohim

M (2) (3) () (3) (6) (7) (c) (9)

1699 3604 850 0.96 0.0 1.47 i.Co 0,30 1.46
1525 39 842 0.99 0.55 1.56 0.90 G.30 1.49
1428 3640 740 0.52 0.32 1.44 U. 84 0.44 1.36
1107 3630 815 0.92 0.58 1.50 0.82 0.48 1.40
1389 3386 757 0.86 0.53 1.43 0.32 0,45 1.31
1376 3344 885 0.85 0.64 1.48 0.31 G.52 1.37
1323 3899 799 0.99 0.60 1.62 0.78 G.47 1.46
1296 3381 619 0.86 n.43 1.45 0.7¢ 0.36 1.22
1264 3973 585 1.01 0.46 1.44 0.74 0.34 1.35
1226 3757 619 0.95 0.50 1.45 0.72 0.36 1.31
1222 3232 512 0.62 0.42 1.24 0.72 0.30 1.12
1185 3500 163 0.89 9.39 1.25 0.70 0.27 1.16
1169 3323 503 0.81 0.43 1.27 0.6%9 0.20 1.14
1148 3930 661 0.99 0.58 1.58 0.68 0.39 1.38
1106 3198 718 0.21 0.65 1.47 0.65 0.42 1.23
1003 3645 530 0.92 0.30 1.42 0.62 0.31 1.23
1058 3677 720 0.93 0.68 1.66 0.62 0.42 1.35
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tivity in this respect. There are other situations whore it seoms
sensible to use more than one measure of the sole crop vield. tn
an experiment destugned to examine the advantaue of ntereropping
at Jdifferent levels of tertility it could thus be appropriate to
standardice any aiven intererop vield againgst the sole crop yvield
¢ the same ferti bty Jevels Farmers may not be able to change

their tertolity Tevel and 1t i pertinent to know how mmtoercrop-
ping and sole cropping compare at any given level of fortility"

(MEAD and WILLEY, 1979).

Asoalrveady indieated, the LER represents the biological efficiency
ot an intercropping system and allows a comparison of one given
tntercropping combinetion with another one, or with sole Sroppinag,
In practicee, however, the intercropping combination with the high-
csto LER s not always the best one, as far as farmers' needs are
concerned, because tn most o situations component Crops are not
caually eeeptable and one crop is needed or proeferred more than
another one. Whoen wisessing the sreld advantages of Iintoercrop com=
binations, farmers' requirements should not be neglected; otherwise

the rescarch aimed at improving the intercropping situation is not

based on sound obyectives.

Three difterent situations can be distinguished (WILLEY, 1079):

. Intercropping must give a full vield of a "main"” crop and some
vield of a second crop,
Thin o sitaation 1o prebably the most common one in smallholder
agriculture, oven though largely ignored in the literature.
The primary requirement 1s a tull yield of a staple crop, and
aovield advantage occurs it there is any viceld of a sccond
crop. Farmers oin o the yvam belt, for example, are aiming at a
Full yam harvest but try to obtain some maise, cassava, okra,
e, from the vam ficld, These croos are @ lanted at tow popu-
Lations so as not to interfere with the yvam, The same situation

is found in the sorghuwn-based cropping system oo the Northorn

Guinea savanna, where farmers aimoat a full vield of sorghum

and some additional cowpea, roselle, ctes intercropping work

itn India (ICRISAT) has marnlty beon aimed at maximising vields

of prgeon pea without reducing sorabum vields,
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.

The combined intercrop yleld must exceed the higher soln crop
yield.

This criterion has traditiona lly been used for asscssing yvioeld
advantagec in grassland mixtures (VAN DEN BERGH, 1968; DONALD,
FO63). It is based on the assumbtion that the unit vield of
cach component crop is cqually acceptable and therefore the
redquirenent s osimply the maximum vield, regardloss of the
Crop trom which it is obtained. But this criterion assumes,
too, tiat growing only the higher yvielding sole crop is a va-
Lid alternative to growing altl of them, This is not , however,
the case on smallbolder farms where there is a need tor diffe-

rent types of crops,

S.o The combined intorcrop vield must exceed a ¢mbined sole crop
vield,
This criterron is based on the assumption thar a farmer usuclly
needs to grow more than one crop in order, for oxample, to sa-
Lisfy dictary requirements, to spread lTabour peaks, to guad
against market risks, ote. In this situation a vield advantoae
oceurs it intercropping gives higher vields than growing the
cvomponent  crops soeparately. This iy quite a common situation
in smaltlholder dagriculture, wheroe vield surpluses are marketod.
The land cquivalent ratio (LER) is the most suitable concopt
for assessing vield advantages in such tntercropping situations,
because yields of the different Crops are put on oa comparakle

basis,

If the LER 1s taken as a measure of the availabic yvield advantage
however, there is the tmplicit cssumnption that tne vield propor-
tions embodied in that LER are those required by the rarmer. This

rai

particular difficultics when comparing LERs with different
yield proportions, bocause a straight comparison implics that
cicher vield proportion is cqually acceptable (which is not the

case in practice),
What is required is a method for comparing LERs which takes aceount

of theiv different vield proportions and can relate these to far-

mers requirements., Such a method has been developed by WILLEY (1979)
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The "effective LER" takes into account the fact that a farmer can
obtain a required proportion of two crops by yrowing a certain tyne
of intercrop on one part of his field and a sole crop on the reost
of the ficld. This s in fact a strategy commonly used by farmers.,
In Cameroon, for example, farmers roquire a coreain proportion of
maize and groundnuts for their diet that could hardly be obtained
by intercropping, because the shade-sensitive groundnuts tolerate
only a certain amount of maive in the miwture. The additional maize
required is cultivated either as a single crop or in other combi-
nations, such as matze/cassava (i f cosena is not already part of

the maize/groundnut intercrop) .,
As the land equivalent ratio is not always suitable for comparing

yields of different cropping systems, other methods are sometimes

used.,

3.2.2 ield Ar essnment on the Basis of Plaunt Constituents

The land cquivalent ratio compares yields of differont cropping
systems on the basisz of the land required. As difforent crops have
a different importance for human nutrition, howecver, there are si-
tuations where it is more appropriate to compare vields on the ba-
sis of constituents of crops, such as calories, fat, and erude
protein. This is especially important for protein, because con-
sunption of animal protein is very limited in rural arcas and the
main vrotein resources are pulses. Fou example, substitution of

vam and cocoyam by higher vielding cassava or the disvlacement or
groundnut or cowpea by masse, for whatever reason, lowers the qua-
lity of human nutrition in spite of increased LERs. All tropical
stanle erops, especially root crops and tubers such as cassava,
sweet potato, vam ond cocoyam or plantain provide a high vield in
terms of carbohvdrates but only small quantities of protein. There-
fore, intercropping of root crops and tuber with Logumes is ossen-
tial to provide a balanced diet. This is possible without a substan-
tial reduction in the vield of the main cron, or in the yield of

carbohydrates.
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In Latin America, for example (LEIHNER, 1982), one hectare of tra-
ditionally cultivated cassava intercropped with black beans can
produce 10,000 kg of cassava and 600 kq of bears. This corresponds
to 13,400 kcal and 168 kg of protein. Thus one hectare could supply
enough food (balanced in terms of calovies and protein) for 4.6
persons during one year, leaving a surplus of anproximately 6 t of
cassava for sale. The cassava vield in this example iv not high

and could be increased by changes in the cropping system but these

should not reducce the bean vield in favour of cassava.

In the previous example only the crude protein yiceld was considered.
In human nutrition, however, importance attaches not to the abso-
lute protein content of the food but rather to the proportion of
essential amino acids such as lysine and methionine. Thus maize
protein with a low proportion of lysine (167 my/g N) can be much
better utilized when used concurrently with pulses, e.a. cowpea,
which has 2 much higher lysine content (467 mg/g N). Not only does
a maize/cowpea intercron nroduce an avproximately 10 ¢ higher crude
protein sield than sole cropped maize but this protein can be also
better utilized in the haman diot (AHMED and GUNASENA, 1979). Simi-
lar results can be obtained with maise/sova been interciops (BEETS,

1977). A matze/sova bean (50:50) intercron, for examnle, gives a

slightly reduced cnervgy and lysine yield as compared to sole crop-
ped maize or sova bean but the fat, protein and methionine yield
is higher compared to both sole crops (Fig. 21). This examble de-

monstrates that the maize/soya bean intercrop provides a well-

Y

balarced yvield of constituents and thus the basis a balanced

diet.

3.2.3 Net Income of Intercroppina Systems

The net income has served for a long time as the basis for comwvar-
ing different cropping systems. It has the advantage that it com-
pares not only the biological efficiency of cropping systems but
also takes into account the fact that inputs, moinly labour in this

context, are limited and have to be used in different amounts for

9


http:biologic.ii

different crooning svstems. This results in greatlv varving oro-
duction costs. There are, however, sceveral disadvantages to Chis
method and it is therefore being «eplaced more and more by the
LER.

Figure 21: VYields of a 50:50 resp. 25:75 soya bean/maize
intercrop compared with the sole crops in terms
of encragy (kcal), fat, protein, lysine and methio-
ninc (BEEF:, 1977)

%
kcal Fal Protein lysine Methionine
150 +
100 - 100
50 g] §] gl 5p Treatment E
g 1]
%

150 -

100 100
0 0

§ Intercrop (m/s)

D Sole maize (m)

I Sole soya beans (s)

The calculation of nct income assumes that the farmer is producinag

for the market and can change his cropping pattern with changing
price reiations. But this is not always correct because the mul-

tipic¢ production qgoal of smallholders, and this is the majority
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of farmers

“)I

income, i.c. they do not produce mainly for the market, but

(aporoximately o0 is not onlv maximization of cash

at

first they have to meet the subsistence neods of their families,

Except for genuine cash crops, only surpluses are markoted (see

Chapter ). Another disadvantaae is that market prices chanae with
time and from o vegion to reaion. Therefore, the use of the net in-
come criterion allows the conparison of QO ping systoms only within

Pimitod aveas and over limited perLods.

The not incomes devived from intercropping systems arve ustally
the

1975; NORMAN,

from sole Increasces in litera-~

30 4
HATARAJAN and WILLEY,

higher than that Crops,

¢
1980

reportoed
(WADE and SAMNCHLEZ,
a). The
{(NORMAN,

ture range betweon and

1977 . incomes increase with

1977).

net

the number of crops in the mixturc

Yield Stability

When discussing yvield advantages and cxplaining the concepts of

the LER, the impression may be given that the only advantaacs of
intercropping are higher vields or higher net incomes, and that
research on intercropping is only concerned with increasing yields.
Apart from the ccological and socio-eccnomic aspects, to be dis-

cussed later, a major advantade of mixed cropping is vield stabili-

by, i.e. reliable food production over the vears.,
When improving cropping systems and especially in arcas with cli-
matic hacards such as unpredictable rainfalls, it is not the max,-

mum yiclds under favourable conditions but acceptable vields over

a number of vears which are of interest. And in fact intercrovning

systems give mere stable yields than sole cropving systems. This

iz one of the main reasons why farmers still prefer this system

1.

(see Chaptoer

There are several reasons why intercrops give more stable yields

tnan sole crops. One basice principle of

sation. When one component crovn sufters

discases,

and does not develop properly

intercropping is compen-
from drought, pests, or
of this is

the los: crop
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compensated at least partially by the other component crop (s},
since there is now less competition for resources. Mo compensation
could be obtained, on the contrary, if a farmer had planted sole
crops. Le would obtain no vield or only a small yield from onc

field, while the yields of the other crops would remain unchanged.

Similar cffects can also be obtained with mixtures of cultivars,
as MERCER-QUARSHIE (1979) has proved with sorghum and ALLARD
(1961) with beans.

Yield stability can be further increased with staggered nluanting,
In northern chana, for cxample, whore farmers plant maize and
groundnut in Junce and 20 days later sorghum or millet and cowpea
and sometimes also local short--yele maize, a drought poeriod

is encountered by the different crops at different stages. Thus it
is unlikely that all crops are hit by the drought just when they
are most sencitive to a water dericit. This is confirmed by EVANS
(1960) who obtained higher LERs in sorghun/groundnut and maize/

groundnut  intercrops when weather conditions wore worse.

Yicld stability is also incroascod by a reduction of vests, discases
and weeds in ointercrops below the lovel of epldemics or outbreaks

(sce Paragraph 3.5). Perennial crops increase vield stability ceven
more. This is one reason why cassava, which is alsoe drought resis-

tant, s oa part of many cropping svstems,

There are various statvistical methods to express vield stability of
cropping systems. A method, commonly used, 15 the coefficient of
variation (C.V.). In an example aiven by MORENO and HART (1979)

the C. Vo s reduced by intercropping twe species, while the intro-

duction of a third component does not lead to a further reduction

(Trable 15, Fig. 22). Even though it can be sumed that appropr’ate
assocliations ~f +hreo or more crops are more stable than those of

two components only, ne examples can be found in the literature.
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Table 15: Variability (coefficient of variability) registered in
different cropping systems during 3 years and three re-
plicates cach year, Turrialba, Costa Rica, 1974-77
(MORENO and HART, 1979)

5 . et o Average Crop
[ Cropping system sole crops association
Sole cassava 35,93 -
Sole bean 18.78 -
Sole maize 13.46 -
Sole sweet potato 30.29 -
Sole sweet potato ) 65.78 -
Cassava/bean?) 33.04 27.54
Cassava/maize 28.76 18.09
Cassava/sweet | otato 23.87 13.42
Cassava/swoet potato1) 41,14 27.45
Cassava/maize/sweet potato1) 31.05 21,44
Cassava/sweet potato ¥ cassava/sweet potato26,91 23.79
[
CAﬁsava/boan — cassava/évigt potato3) 35.34 28.51
Cassava/maize/bean 25.04 14.95
Cassava/maize/bean =3 casswva/sweet potato 27,57 13.25
L I

1) Sweet potato cultivated at the secound planting soason.

2) Association of crops

3) = = Sweet potato cultivated at the sccond planting scason and
intercropped in the cassava; t——1 = same crop.

Using an analysis of variance, ALLARD(1961)found that genetically

diverse populations werc wcics etable than genetically uniform
populations and also that even the limited genetic diversity ob-
tained by mixing two pure lines was nearlv as effective .n stabi-
lizing productivity as the presumably much ,rcater genctic diver-
sity in bulk population, i.~. the ovder of stability of production

was: hulks 7 mixtures > pure lines.

MERCER-QUARSHIE (1979) uscd a regression cocfficient to analyse

yirld stability of mixtures of soraghum varicties in northern Ghana
(4 locations, 3 yecars). He w.s not able to find a clear relation

between yield stability and number of varieties in the mixture, as
in mixtures of 4 to 5 varieties one comvonent was always as stable

or more stable than the mixture. However, there was a trend that,
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as the mixtures became more complex, the Sl" (mean square deviation
S

from regression) approachcd a value that was not significantly dif-
I Y

ferent from zero, suggesting that complex mixtures were more stable

than simple ones (ERERHARD and RUSSEL (1966) defired a stable va-

riety as one with a Sd" of zero) (Table 16).

Figure 22: Cocfficient of variabil ity or cassava,
camon bean, sweet potato, and madze
in sole ani different intercropping
systoms, 1974-78 (MOREND and HART,1979)
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Table 16: Stability parameters, reqression cocfficient b
and mean square Jeviation from regression S s
of entries for yield (MERCER—QUARSHT LS, 1979)d

Entries I Mean b for S

entry gronp “ar
A 0,52 506 **x=*
B 1.14 628 **x
C 0.42 0.794 454 *xx
c 0.41 316 ***
g 1.48 1005 *x*
A+ DB 1.22 16 NS
A+ C 0.56 439 **x
A+ E 1.06 187 **+
B +D 1.40 1.165 137 **x
B+ E 1.60 778 **x
D+ B 1.15 73 **
Av B 1.33 55 **
A+vC+D 0.47 427 **x%
B+ C+D 1.07 0.963 147 *x*
C+D+E 0.568 34 *
A+ B+ D+ [ 1.14 6 NS
A+ B+ C+ E 0.73 0.990 DY
A+ C+D+vp 1.10 13 NS
A+ By CvDv B 1.18 1.180 14 NS J

ABLCD, and B denote cvs "Mankaraga', Bawku Whi te', 'Ndim-
larima', *Kazee!' and AA'226/3M respoctively.

Ak Rk and % denote significantly different from zero at
P =0.001, P = 0,00 and P = 0.05 respoct ively.

gs denotes not significantly different from sero at p o=
.05,

The use of the roaression analysis to detormine vield stability
of intercrops is not alwavs satisfactory. Studving vield tability
of sorchum/pigeon pea intercrops an different environmerts of In-
dia, PAC and WILLEY (1980 b) alwavs catculatedt 1 higher regression
cocfficient for the :ntercrops than for the sole crops, But thoy
came to the conclusion that the Jdiffopront anrroaches leave much
to be desired because fhee still do not indicate in common prac-
tical terms what a given level of “"statist teal™ stability meens

to a farmer. On the assumption that a farme»'s major concern is

97



to avoid a "disoster" situation, they tried an approach which esti-
mated the probability of cach cropping system failing to provide
given "disaster" levels of monetary returns., At any given level

of minimum income, probability of failure was lower for a sorghum/
plgeon pea intercrop than for cither sole cron. In the oxample
given in Figure 23 sole pigeon pea would fail approximately onee

in five yvears to ive an incone of 1,000 Rupees,/ha, sole sorghum
once in cight years, shared sole crops (12 ha sorghum + 172 ha
prigeon pea) once in thirteen vears, but tntercrops only once in
thirty-six years. Thus, in these simple practical terms, intercrop-
ping showed a higher vield stability than any selc crop. Whether
the reduced incidence of crop fatiure acerues rom higher inter-
crop yvields or whoether it is caused by a reduction in variability
of yvields, cannot be rollowed from this caleulat ion. For the farmer

L will be of no interest, tnoany way (see aluo Paragraph 4. 2),

Fiqure 23: Probability of failuwre for sorghur anxd pigeon pea in
different cropeing systems at agiven'disastery lovels
of income (RO and WILIEY, 1980)

80 1 e—e Sgle pigeon pea
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3.3 Adapting Varictics to Intercrop

Crop varieties used in traditional cropping systems often repre-
sent years of natural selection for survival and select jon by the
Farmer for production and quality. Though having a relatively low
yield potential when compared to improved cultivars grown as sole
crops with high levels of technology, these traditional cultivars
generally compete well with weeds and other associatod cron species,
arc relatively resistant to prevalent pests and discases and possess

in the

a high level of aenetic variability or heteroevaosis,

case of cassava,

vatems

Attempts to increase the productivity of these croppinag
by introducing improved varieties have often been unsatistactory
because the new varieties did not produce the expected high yields.
These varieties have beoen developed for commercial farming. Thore-
fore, on farmers' ficlds with a low lovel of managqenent the impro-
ved varteties could not exploit their potential bocause of low
cotl fertility, competition with weeds, ote. Ln addition, the
variteties were scolected for soloe crapping conditions., Thus, they
cHten have characteristics - mainly vlart morphoiosay and growth
vigour which suppress the growth of as - ated crops = making them

less suitable for Intercropping.,

In some cases, however, the best cultivars for sotle cropping are
150 best for intercropping. This was found at “IAT for cassava,
tnterceropped with beans, where plant tvopes with modiug vigour and
Late ramification gave highest vields in o sole crops as o well as
sntercrops (LETHNER, 1982). But in West ATrica Whoere cassava is

mainly intereropped with maize, only very wiaorous cultivars can

compete with the o

woectated crop. Under these conditions, the host
Lypes for sole cropping are not necessarily the best types for

ntercropping, In consedquercs, it soems necessary to select varie-
ties specially for intercropping systems and perhaps also for si-

tuations of low or medium soil forti lity.
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Yet, most crop improvement programmes, national as well as inter-
national ones, arc still breeding and selecting only for sole croo
conditions. since the development of varictics for sole croppinae
is reqarded as a priority, there are normally not enough funds
and personnel available to set up o second crop o improvement pro-
qramme. In additron, breeding and solection suecially tor inter-
cropping syatems are much more complicated, and this .acans that

in the ond it s more costly than breeding for sole cropping con-

ditiona,

Until recently thoere was a lack of knowledge about how such imbro-
vement programmes were to o be organised to keep oxpoerditure low.,

The question had to be answered as to whether there were some ba-
sie principles, o.oq. an intercroppinag tolerance, whoereby varieft ios
could be selected or whethor varietios had to be seloctod spocifi-
cally for cach crop combination. Another question is o the heredity
of such characteristics, Hven though gaps oin o current  inowledge

still exist, rescarch has advanced Far cnouah Lo purmit the Jdesign

U Future cpecial breeding vrogrammes for intercroponir - systems,

To give a botter understanding of the problen, qenotype by {crop-
ping) o system interactions will be discussed as woll as possibili-

ties of gqenetic improvement of varieties for interceropping systems,

otype by Cropping Sys

cm Interactions

When discussing genotype by system interactions, the cropping
system is considered as an important part of the environment of
plants. Cropping systems have a direct influence on the perfor-
mance of qenotypes and cause ennsiderable changes in the relative
yields of genotypes,

The following cxamples should give a botter understanding of the
connection, In Ecuador, relative vields of nine climbing boan

cultivars were determined by plantin., with contrasting normal and
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brachytic maize. The data summarized in Table 17 show si gnificant
yield differences among the bean varictics tested. A comparison
ot bean yields in the two i ntercropping systoems revealed non sig-
nificant corrclations for yield (r = 0.265%) and for rank order

(r = 0.361), sciection of a boan varicty for ore syiotom would not

herefore provide the best bean for a Jif forent system, Similar
results were obrained when ovaluat ing data from ot her titals, oug.
malse/soya bean tntercrops in Tancania (FRANCIS, FLOR and TEMPLE,

1970).

Table 17: Yiclds of nine clinbing lwear collections associated
with two contrasting maize tyies, Boliche, Beuador
(BUESTAN, 1973, cited from FRANCLS, FIOR and TEMPLYS,

197¢)

- Beans associated with  Boang assoctated with !
Climbing Lean variety dwari maice o nomal maize

) Rank e Wield Vield Rank

Ko/ ha
Panamito 1 1,343 a* 780 bk B
Puehla=d42 2 1,029 b 695 od 0
Acuaseal fento s=70 3 1,003 b 1,081 a 2
Pata Jde Palaea 4 954 b 991 ab ]
Guaturala- 356 5 935 b 1,005 a 3
) 6 882 tx 1,102 a 1

Glana Juato-113A 7 811 lc 669 od 7
Pueh la-1518 8 803 ¢ 542 d 9
Avuascal tentes-67 9 708 ¢ 600 «d 8

*Bean yields in same column followed by samc letter do not differ
s1anificantly (5% level).

The only siqg ificant correlation between sole cropped and inter-
cropped performance among varictics was found in a sorghum trial
reported by BAKER (1974) . Sole crop vields were significantly cor-
related with yields of sorghum intercropped with millet (r = 0.947,
significant at 1 % level), althougb the trial included only 4 va-

ricties,
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While, in general, there is no correlation between the performan-
ces of cultivars in sole and intercropping systems, correlations
among ditfferent inteveropping systems are often high (FRANCL S,

1979) . The examples in Tal.le 18 indicate significant r-values for
yields o maice, climbing bean and soya bean across several com-
parable systems. The differences in the enviromment of two inter-
cropping systems may generally be less than between a sole Crop

and an intercropping Ssystem,

There are o number of statistical alternatives for vvaluating the
magnitude and nature of the gerotype by systoms interaction, such
as the analysis of variance or o regression analysis (BREESE and
HILL, 1973; ENGLAND, 1974). But this requires aceess to the origi-
nal data on replications which are often not included in publica-
tions or annual reports where much of these data are found. Using
vriginal data trom TRRT and CLAT of legume/cereal intercrop trials,
FRANCIS (1979) found highly signiticant genotype by cropping systom
interactions in several tricls. This led him to suggest that selece-
tion for specific genotyprs in each cropping system could be indi-
cated an those systems with a highly signicdicant genotrpe by system
interaction.,

"In reaching a decision upon which system or systems to use in oa
breeding programme, one is faced with the cirveular preblem inhe-
rent oba the evaluation of genetic material in new systems, With a
change in rertility, plant densities or cropping systems, solocted
material with superitor perfomance under o Drevious system omay ao
longer Lo superior. It will then be necessary to select germplasm

under the new conditions™ (FRANCIS, FLOR and TEMPLE, 1976} .

“wothe testing of all germplasm for its suitabitity to certain
cropping systems is an immense task, it would be valuable for a
plant breeder to know whether there is o kind of hereditary "in-
tercropprng tolerance”. Such a hereditary component would onable
the breeder to concontrate on suitable parent mL o eriels and de-
crease the number of crosses that had to be evaluated. When test-
ing local maree entries and their progentes for mntercropping tole-

rance with soyva bean, SAYAD GALAL, HINDI , ITREARIM and FEL-HINNAWY
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Table 18: Correlations of crop yields between two intercropping systems.
Average vield (kg/ha) (FRANCIS, 1979)

Association 1 Assoclation 2

Crop o (system) (systenm) ryield “rank Reference
Maize 20 4681 (bush bean) 3479 (climbing bean) 0.93**  (,89** Francis et al., 1979
Maize 20 5708 (bush bean) 3836 (climbing bea.) 0.68**  0.58** Francis et al.,1979

Bean, climbing 10 840 (maize 1210) 847 (maize Suwan) L.67* 0.60 CIAT, 1978
Bean, climbing 10 840 (maize H210) 649 (maize LaPosta) 0,90** 0.84** CIAT, 1978

Bean, climbing 10 "47 (maize Suwan) 649 (raize LaPosta) 0.89**  0.75** CIAT, 1978

Bean, climbing 9 941 (dwarf raize) 829 (normal maize) 0.26 0.36 Euestan, 1973
Soya bean 12 560 (maize) 650 (sorghum) C.60* 0.39 Firlay, 1974
Sova bean 12 560 (maize) 280 (millet) G.44 0.34 Finlay, 1974
Soya bean 12 650 (sorghum) 280 (millet) 0.69** 0.20* Finlz:, 1974

£ol

* and ** denote correlations significant at P = 0.05 and P = 0.071 resp.



(1974) found very high corrclations (r = 0.91 anl 0.98 in 1967 and
1968 respectively) between the intercropping tolerance of varieties
and their corvesponding varioty and tostor crosses. They conzluded
that this indicated a hevedity component to intevrcropping tolerance.
Ttois, bowever, (questionable whether o general "intereropning tole-
vance” existo. Inothe contest ot the teported trrals ting primari-
Ly means photosyntiot e officioney., The Intoreroppine tolevant !
natce variotios conretod more successtul by with soya bean tor light.
As competition for tiaht, on the ot her hand, 1s the mator indting
factor in most intercrcnning systems, it would be helpful if a he-
reditary incercvopping tolerance for this factor could be tound

In other crops, o.g. tor cassava in cassavi/mar. o, for qroundnut

and cowpea in legume/coreal Lntercrops, ote,

50302 Breeding and Selectien for Intercropping Systoms

There is still a controversy as to whother or not a specitfic breed-
ing programme for intercropping systemy s neded or justified,
Factors which should be considered include the maanit ude and na-
ture of corrvelations (sianificance of the genotype by svstom in-
teractions), simi larity of traits and bBrooeding obiectives besween
the two or more breoding scohemes undetr consitderation, relative

stems in the

tmportance of the two or more alternative cronping s
region into which improved genotyvoos are to oe introduced, and

the rescurces available for the total lnprovement proaramme.

Limited rescarch facilities and budgets, however, make it normally
necessary to focus entirely on one cropping system. Tn most cascs
sole cropping systems are preferred, as it is still beliceved

that these systems will quarant oo highest increases in production.
There are only feow examples of crop improvement programmes for in-
tercronping systems. In West Africa some national aad reqgional
programmes  (such as SAFGRAD) are select ing cowpeas for their suita-
bility for intercropping with sorghum or maize. The same would be
necessary for groundnut, bean and soya bean in lequre/cereal in-

tercropping svstems and for maize and cassava in maize/cassava or



maize/cocoyan systems. In Cameroon, where maize/cocoyam intercrop-

ping is common practice in the humid arcas of the country, maize

is alrecady bred for ity sultability to intercropping with this

tuber crop in a small programme.

The selection of Iarge numbers of crosses of two or more spoecies

for their intercropping suittability is an ambitious venture,

quiring much land and labour., Efforts have boen underteken, there-

re-

fore, to develop an cxperimental desian which is more eificien.

in lond and labour use, one desivn, develooed by HUMBLIN, FOWELL

and REDDEN (1974), onabilos the ot ndy of soegregat ing generations

From parent al varioties with N Cresses (A, B, N) ot one species

and nocreas

oG, by ooo ) ot the orher, in o this design all
binations of the crorses are tepresented. Tho Nn o combinat ion

titean Mo n factortal arvangement that makes it passtible ta

the tollowing effects 1n an analvsis of variance:
Lo cross of test spocios
2. cross of associated species

3. interaction

Other screening methods have been developad at CIAT (FRANCIS,

When selecting for intercropuing systems specific objectives

com-
consti-

study

1979) .

have

to o defined., In the tollowing, the most important charactoristics

dosirable for Intercropped apecies are cited.

Photoperiod sensitivity:  The qenetic cavaci tv o to grow and mature

in 1 given number of days, tndependent of day leongths, is a trait

often associated with successful denetyvpes for antensive intevcerop-

ping systems (DALRYMPLE, 1971)., Photoberiog i neensitivity ig,

for

oxample, one of the most imoortant brooding criteria for cowpea.

This trait allows 1 ocultivar ¢s be planted on any conventent
with flowering an. saturity controlled by genocype reaction t

varling temperature patterns and to some oxtent to other cult

date,
O DUe-

ural

and natuwral fortility factors. In some specifie situations, on the

other hand, photoperiod sensitivity may be important in one comvo-

nent crobn to o assure that its magor growth flowering and illi
period do not coincide with another component with a diffoeren

sonal duration (FRANCIS, 1979).

ng

t sea-



Appropriate crop maturity pecriods are important characteristics

needed for specific cropping patterns, because the combination of
an early and a late maturing crop ic generally desirable in order
to exploit better the available growth factors at different times

(see Paragraph 3.1.1).

Plant morphologv is a characteristic which directly intluences the

growth of the component crop, mainly trough the shade cffect of
the dominant plant. Medium or short cereal crop plants provide less
competition to an understoray legume or intercropped corcal of an=
other species (ANDREWS, 1972). This effect is increased when the

foliage of the variety is also reduced (PRAQUIN, 1980).

In cercal mixtures gains in yicld depend on differences in height
and age of maturity. When comparing combinations of sorghum varie-
ties, BAKER (1979} found that overyielding occurred if the height
of the varvicties differed by more than 59 ecm (and age at maturity
by more than 51 days) (sce Paraqraph 3.1.1}. The leaf angle and
form or width of lecaves or leaflets of the higher crop (e.g. maize
or cassava) affects the amount of light transmitted to the lower
components of a system and influences distribution of light to dif-
ferent levels of leaf arca within the canopy (TRENBATH and ANGUS,
1975; WIEN and NANGJU, 1976) {(sce Paragraph 3.1.2.1). For cowpea/
cercal intercrops cract or scmi-erect cowpea types are preferred
which facilitate weeding. On the other hand, orostrate cultivars
are less affected by shading of intercrepped cereals (WIEN and
NANGJU, 1976) and provide better protection against orosion. Cassa-
va, used in mairze/cassava intercrops should be high hranching,
while for some sole crop conditions bushy types which keep weeds

dwnand resist lodging could be more suitable.

Other characteristics that are of importance when breeding for in=-

tercropping situations ave:

Population density responsiveness: Componcat crops which respond

to increased densitss give greater flexibility in the design of
cropping systems with varied proportions of cach ¢rop in a mixture

(FRANCIS, FLOR, PRAGER, and SANDERS, 1978).

Vigorous carly scedling growth or vigorous carly growth of cuttings

(c.g. with r1uot crops) leading to a rapid groundcover is highly
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desirable to control weed growth. In addition it also increases
the competitive abilities of a Crop as an intcrcrop, which can be

of impurtance for domindted components,

Resistance to pests ana diseases:  Even though this is not a spe-

cific trait for intercroaps, being important for all cropping sys-
tems, it is mentioned he-e because resistance is most important
for smallholder cropping systems (in the absence of commercial

iputs) .,

3.4 S0il Fertility Management

The transition from traditional bush-fallow farming to intensive
permanent agriculture 5s ousually accompagnied by a rapid Jdoteriora-
tion ot soil fertility in most cases. This is especially true for
the humid tropics where maintenance of soil fertility is even morce

difficult than in the sewmi-arid tronics.

The rapid decline of soil fertility in the tropics is caused main-
ly by the following factors:
- a low inhcrent fermality of most soils (lcv effective CEC,
low b, low inherent nutrient status) (KANG and JUO, 1981);
- a rapid decompbosition of orcaric matter due to high tempe-

ratures anc humidity;

- soil crosion and loss of nutrientes through lecaching favouredby

high intensity rains.

In the following paragraphs it will be analysed whether and to
what extent, intercropping systems can contribute to soil fertility

matntenance.
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3.4.1 Seoil Relaced Constraints to Food Production in the Tropics

Permanent agriculture in he tropics leads in most cases to a rapid
loss of soil fertility indicated by decreasing vields, Large-scale
nechanized agriculture in particular can cause heavy soil erosion
and deterioration of the sorl structure (compaction, surface scal-

ing, otol).

Almost the same offect is, however, obtained by traditional farming
in densely populated arcas whore land pressure leads to a shorte-
ning of fallow poerioas so that sorl fortility can no longer be re-
stored. Thus in nany parts of Africa thousands of hoctares of
arable Tand are destroyved arrevocably every vear. This is true for
both the hwmed ane the sert-arid tropies, Well-known exambles are
the LeRie area in Cameroon, parts of Anambra State in south-castern
Nitveria, the "terve de barre Joqradoe” in Togo and Benin and parts

of the Mossy Plateau in Upper Volta.

The diftrculties of maintaiming soil fertility ander pormanent
agriculture are derived aainly from the followina characteristics

of troprcal agro-cceosystems:

A, Sorls of the humid tropres are usually low 1n inherent ferti-
lity as they havee been formed from materi=l that has been re-
worked since the Precambium by processes of sorl erosion and
deposition which intensively weather the material, BExceptioss
are sotls tormed over basie voleanic rocks, calcarcous rocks
or limestone, and alluvial anti valley bottom coils, whore the

degree of fert:rliry doepends on the parent material,

b, Organic matter derived from fallow vegetat ion, dreen mandre
or crep residues 1 rapidly decomposced by the activitios of
micro-organisms, faveoured by high temperatures and humidity,
This is prirvarily true for the humid tropres but also for tine
semi-arid tropics during the rainy season. This process is

accelerated by tillage, capecialty ploughnna,

¢. Tropical rains arc of high intensity, thus increasing soil

crosion. Peak rainfall intensity of 75 to 160 mm/h is not un-
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common and these rains arc charactorized by large drop sizes.
Soil expusure to these high intensicy rains results in Pro=
gressive deterioratyon of the sorl structure, causing crust ing
and low anfiltration rates, Esoectally on Altiests more than
50 L of the rainfall can be lost by run-o . This run-off cau-
sesoshect croston that can remove 15 to 20w ot surface layer
peroannum (at 10000 to 1,500 moo raratall) oven on ooent leos lopes
(10-137 ) OORTGBO and LAL, 1979}, This maanit ude of soiloero-

ston vesults in arreversiblte sotl dearadat ion,

Except an sorls derived from basie rocks, antensive weathering
and high rainfall cause leach: ng ot bastoe cations, thus resul-
ting in low base saturation and low so:l pH with all its harm-
ful consequences or crop growth. Yearly losses due to Yoeach-

.o

tng of 30 kg Nsha, 20 kg h,O/ba and 150 kg Can/

twoers measured
(CHARREAU, 1970) an che Casamanc: . The mineral balance was ne-
qative under a range of crops incluading aroundnuts, Howover,

PUocan be assumed that at least the N-balance o Dosttive under

most legumes, ooa. cowpea,

Accecierated soil crosion, Jdecline 1n soil structure and A ra-
pid o rate of decay of soil organte matter decrease the soil'as
water-hobding capacity (both surplus and deficert). Thus oven
short dry periods of only 7-10 days cause a morsture stross

resultina an sram ficant roductions in vield,

In exposed soids o the lowland tropres, maximun soil tempe-
rature at the beginning of the arowing perrod o can reach 15-50""
Goat hoem denth, depending on the soil type and seod-bed prepa-
ration (LAL, 1974, citoed from OKIGRO and LAL, 1979), This level
Of soll temperature can be supra-soptimal for erops such as
matze and sova beans., As high sotl temperatures are usiually
combined with notsture stress, this can lead te stgnificant

yield reductions.

Lhese factors combined mean that food production does not in-

crease as oxpected in spite of the progress made in agricultural

rescarch and cspectally in plant brooding., Yield stability 1s low

on

most soils and fertilizer use officioney decreases with the

deterioration of the soils.
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3.4.2 Maintenance of Soil Fertility Under Traditional Cropping

Patterns

The traditional African system of agriculture, south of the Saha-

ra, is basced on the practice of bush-fallow rotation. Common prac-

tices of this system are:

a., Clearing of the natural vegetation mainly by using the axe,
cutlass, and fire. This practice does not usually lead to bare
soil because a layer of organic matter remains to cover the
ground. Stumps of trees and bushes remain in the around, on-
abling a quick regrowth at the end of the cultivation period.
The stunps and roots stabitice the soil, thus redusing erosion
hazards. Mechanical clearing, on the contrary, often leads to
s01 1l compactron, a removal of the - and often, too, the A=

horizon, together with the vegetation,

bo  Cultivation of the clrared land with hoo or planting stick
only shightly disturbs the surface soil. Thus the organic mat-
ter in the soil s only slowly decomposed and ecrosion hardly
occurs, Ploughing, on the contrary, leads to a dotyrioration
of the son! structure and rapid decomposition of organice mat-

toer, thus increasing crosior,

¢.  The practice of intereropping, and especially multi-storoey
cropping, provides a nearly continuous soil cover, thus proe-
venting overheating of the soil and protecting it from the im-
pact of the rains. soil erosion 1s therefore rather limited.
A dense and diversified root system reduces leaching of nu-

trients.

d. A short cropping cycle (2-3 yvears) and a long fallow period
allows a complete restoration of soil fertility, even on soils

with low inhervent fertility,

Socio-ecconomi ¢ changes and more particulacly denographic pressure
on land {as mentioned ecarlier) do, however, reduce the traditional
fallow peried, although all the other practices involved in the

bush-fallow rotation remain little changed. Thus, the equilibrium

between the socio-ecolegical onvironment, vegetation and crops



which has been empirically evolved and maintained by traditional
farmers is destroyed and lcads to a progressive degradation on the fal-

low vegetation and of the land resources (MOUTADPPA, 1274).

3.4.3 Possibilities of Maintaining Soil Fertility Under Condi-

tions of Smal Lholder Farming

Maintenance of soil fertility under permanent agriculturce has been
a rescarch objective tor many Jears. As the protection of the soil
through permanent cover is a precondition, concepts of relay-crop-
ped green manure, mulching, living sulches and no-tillage hav. been
developed. While o1 these practices can considerably reduce { he

destractton of the soil structure and vrosion, they are not suited
to the conditions of smallholdngs. Mulching, cven though commonly
employed for cotteo, 16 toe laborious for food product ion and far-

rers Jdo not have enouah material, Living muleh does not produce

A vield - oxcept perhaps todder - and thus tbe tarmer does not be-
ne et trom oo direct return to his labour i nput .. Moreover it ois
only suitabbe for the humid o rovies, as the plants compote with

the crops o the Timitod Soil meores aree. Greoen manure could be g
solution only Yor mixed farms, which do not vxist in the hunid

tropies and only to 1 Timitea extent in the soms arad tropies of
West Africa, No-tifage, lant v requires a hivh input of herhi-

clhdes, wsually too costIv and unavailable o smallhotders,

Thus theve remains only the poraibilicy of maintaining a more or
less permanent ground cover by moethods of intercropping, relay-
cropping, multi-storey cropping and some forms of aqro-forestry,
Of course, these cannot be as effective as no-tillage or mulching
but they are at least methods known to farmers and can still be

improved.

Fven relatively simplo intercropping systems as maize/cassava can
alleviate the decrease of CEC and pH as well as the increase of

Mn {Table 19). Soil los

ses and run-off can also be reduced by

intercropping as shown in Table 20. When crops are included which
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provide a quick ground cover, such as many legumes, swcet potatcces,

or melon, interc Lpping will be more cffective, of course.

Table 19: Effects of three years of cultivatica after forest
clearing on CEC, pH anxl exchangeable cations unler
di fforent treatments {OKIGNO and LAL, 1979)

Effoct ive Exchangeable cations, me/100 g
Treatment pt-H,0 CEC o N , Mn
me/ 100 g a 1 R pEnt
Bush fallow 6.5 4.94 3.34 0.89 0.42 3
Maice (without
residuc mulch) 5.3 3.95 3.0 0. 16 0.13 28
Maive {with
residue mulch) 6.0 6.38 4.58 0.92 0.68 1M
Maize + cassava 6.2 5.24 3.92 0.67 0.39 70
15D {0.05) 0. 36 1.03 1.03 0.31 0.21 7

Table 20: Soil-losses and run-off under sole cassava and
cassava intercropped with maize (OKIGRD and
1AL, 1979)

Slope S0i1 losses (t/hn) Runoff (: of rainfall)
b Cassava Cassava + maize Cassava  Cassava + maize
1 3 3 18 24
5 87 50 43 33

10 125 86 20 18

15 22 137 30 19




The integration of trees into cropping systems is a further means

of maintaining soil fort ility by shading, by protecting the soil
against the impact of rain, by reducing soil erosion and leaching
with help of the root svatoem, and by "pumping up” nutrients to

the surface from lavers bevond the root systems of annual Crops.,

In the lowland humid tropics radiation 15, however, already low
and a limiting factor to plant agrowth, vapecially during the rainy
season, Additional shading by trees can lead to considerable ro-
duction in the yields of cropsosuch as matse, cassava or groundnut,
thus neutraliving the bonefieral of foct on soil rertility (Table
21) . Trees have thoretfore to be arranged in osuch o a Way as Lo mini-

mice the detrimental ofrocts of ahading,

In the semi=arid tropics, on the other hand, where insolation is
high, trees have a direct beneficial cifect on many crops by shad-
ing, by reducing evapot ranspiration and of ¢ourse by producing
Pitter, Here crops develop betoer under trees, provided that the
shade i3 not too intenso. Farmers in these areas protect trees
primarily bocause of Lheir diroct ceonomice value, cnpecially

et vrospermuwn_parkiio (Shea butter or Earitd) and Parkia clapper-

tonta (Dawadawa or NOrd), but thes are also aware o0 the aon ] im-

and Acacia al-

Droving charactoriat ion, crpeciatly of by

bidao AL _albida 15 protected by farmers o

Porulatyons may reach 40 to 50 treos/ha, 4 specitie characteristice

o A _albida which nakes it very suitable for antearation into

crepping systems s othat it rotains its leaves Jduring the dry sea-
saon, shedding then during the raimy season and thus minimizing the

compet ition for light,

Analetical results from soils wmder A._albida in Sencgal (CHARREAU
and VIDAL, 1969) indicate a remarrable fertilit @ gradient from tho
external arca covered by the foliage to the trw ki all soil pro-

pertices are improved and rates of nerease dre highest for nitrogen
avai Lable phosphorus, exchangeable caleiun and cation exchange ca-

pacity (CECH (Table 22) . Seed vields of millot itncreased by nearly

250 0 from kg to 179 ka/ha on averaqe near the trees and vrotein

yields wore multiplied by 3 or 4 (Table 23). Thus the effect of
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Table 21: Yield reduction through shade of same majcr crops in farmers' fields”

(OKIGBC and LAL, 1978)

Crop No shade Shace Yield No shade Shade Yield
No fertilizer No fertilizer reduction Fertilizer Fertilizer reduction
t/ha t/ha a3 t/ha “/ha )
Maize c.D c.4 20.0 1.5 o.7 53.3
Cassava 8.9 2.8 68.9 14.4 3.4 76.4
Yam 9.2 8.4 8.7 12.1 9.4 22.3

1} Means of 3 villages in southern Nigeria.




Table 22: Results (average) from analyses of soil samples
taken at three different sites near Acacia albi-
da trees (fram CHARREAU arvd VIDAL, 1965)

Groms results Relative recults
Determinations 1 2) 3) c 100)
A Be ¢ A B C
pH (water) 6.50 6.34 6.14 106 103 100
total carbon % 0.53 0.48 0.33 162 146 100
tctel nitrogen 0.06 0.05 0.03 194 168 100
C/N ratio 8.9 9.2 10.6 84 87 100
exchangeable cations
me/100 g
Ca 2.99 2,33 1,47 200 " 158 100
Mg 1.12 1.00 0.63 178 158 100
K 0.10 0.08 0.07 143 114 100
Na 0.12 0.13 0.09 133 144 100
total cxchange 1,13 3.69 2.25 47 131 100
capacity me/100
P.0. ppm total 190 147 13 128 99 100
O]
1’20r ppm available 35 19 15 234 127 100
2

1) A = pear trunk. 2) B = cdge of canopy. 3) C = outside of canopy.

Permanent cultivation is practiced traditionally in many regions

of West Africa in compound farms. These are a sort of garden where
soil fertility is vestored by houschold wastes. [n most cases, how-
ever, compound farms are of rat.aer limited size and are primarily
used for producing vogetables and spices, oven thoudgh all kinds of
crops, trees included, can be found. In areas with high population
pressure and consequently reduced farm sirzes the compound farms are
enlarged and, in extreme cases, the entire farm becomes a compounr]
farm (LAGEMANN, 1977). The promotion and imnrovement of combound
farms could be a means of snereasing food production and yield
stability in smallholder agriculture. Besides intercropping in its
broadest sense, incorporation of crop residues and the use of manure
are further possibilities of maintaining soil fertility of small

holdings.
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Table 23: vields' ' of millet (grain:
sites below Scacia albida

at three different
S el VIDAL, 1965)

. Protein
Locations vockets ears Crotal : »a) : t of (kg/ha)
harvested harvested ver plant ] N vocket  ear theorctical igrains theoretical
: . , 1
A. near trunk 3.6 19.3 5.4 ! 593 169.86  29.8 1.668 10.€3 179.9
i t
B. edge of f
canopy 4.2 17.5 3.2 413 98.2  23.3 983 ! 8.72 84.2 ,
i
C. outside of i |
canony 4.0 11.6 2.9 255 €6.0 22,6 660 8.10 52.2 i
]

Lil

1) means of 6 resp. 7 samples.



3.5 Fertilizer Use in Intercropping Systems

While maintenance of soil fertility by good management practices
may perhaps keep yvields stable n the long run, remarkable yield
increases, as required by the high rate of population growth, can
hardly be obtained without fertilizers. Rising fertilizer prices
and the limited availability of fertilizers in developing countries

however, force the farmers to use fertilizers as cifficiently as

possible. In Chapter 3.1 it was pointed out that Iintercropping sys-
tems in general make more efficient use of limited natural reso. -
ces. It owould be of dinterest to know whether the same is true for
fertilizers., In addition, the practical questions of the quantity
and timing of fertilicer application in intercropping systoms have
to be studied, Knowledge of fertilizing Intercropping systems with
inovganic fertilivers is still rudimentary, as nearly all fertili-

Z0r expeviments have been ~arried out in sole crops. Thercefore data

obtained from sole cropping systems arce still used in intercropping

systoems,

Most fertilizer studies in intercropping systems have been limited
to nitrogen, because many crops respond rapidly and significantlv
to this nutrient and also, because nitroaen plays an important role
in the common legume/ron-legume intercrops. To obtain substantial
yields, however, the supply of the other clements cannot be neglec-
ted. This is especially true of phosphorus, since most tropical
soils are poor in available phosphorus. Potassium, on the other

hand, is rarely a limiting factor.

3.5.1 Nutrient Requirements in Intercropping Systems

a. Interactions between croppine system: and the requiremeats of
irndividual crops

The main problem of fertilizer use in intercropping systems is that

the component crops have different nutritional nceds and that the

period of maximum demand for one crop does not necessarily coincide



with that of the associated crop(s). 1t is therefore important to
know as wmuch as possible about the nutritional requirements and
growth characteristics of the crops which are to be yrown together

in a specific cropping vattern.

Maize, for example, requires high amounts of N for a good vyield,
followed by P and K. Ca.sava removes large amounts of N, P, and

K from the soil, because of high root yields. It recuaires, however,
only little fertilizer-pP, oven on soils that are very poor in o avail-
able phosphorus, because cassava roots alsorb phosphorus very
effectively (due to mycorrhiza). Grain legumes require large quan-
tities ol .o . % as they can satisfy most of their needs by symbio-
tic nitrogen tixction, they aave to take up N from the soil onl,

in the carly stages of development. Sweer potatovs, on the other
hand, respond to high N rates with luxutrious arowth of aerial parts

but reduced tormation of swollon rocts.

When applying fertilizer to crop associations, account has to be
taken of the gaifferent fertilizer responses of the component crops,
in order to allow ar ~fficient fevtilizer use. ihe application of
nitr gen to a cercal/legume intercrop, for example, will decrease
Lthe use officiency of nitrogen, as it suppresse. symbiotic nitro-
gen fixation of legun . The same is true for a maize/ sweet potato
intercrop, where nitrogen roduces the root yields of sweet potato.
Application of I' Lo a maize/cassava intercrop will result in a low
use efficiency of phesphorus since cassava hasdly responds to P,
So, fertibicors have to be applied in such a way that the nutrient
vequirements of the one component crop are met, without reducing
yields of the other component cron »r without wast ing fertilizer

by application to a non-responsive crop

The different requirements of component crops, Lowever, are not
the only problem when applying fortilizer to intercrops. Growth
patterns of crops change when the crops are grown in associ-
ations. tor example, dry matter production by pidgeon pea in a
maize/pigeon pea intercrop was less than half that of sole crooped
pigeoi pea during the first 16 weeks. Once the marze matured, how-

ever, its competitive influence was reduced and the growth of the
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interplanted pligeon pea between the 16th and 24th week was suffi-
cient to produce sced yields compavable to the sole crop. ‘The pat-~
tern of nutrient accumulation scemed to parvallel growth (DALAL,
1974) (Table 24}, This cexample clearly shows, that the nutrient
vequivements (in time and quantity) of crops ditfer when they are

arown in association instead of being grown in purce stands.

Table 24:  Yicids of dry matter, grain and mutrients by sole and

interpianted stands of maize wxl pigeon pea (DALAL,
(1974)

- Mo Troral T T T T NG ent uptake
I'reatment.

L grain vield  dry matter Lk Ca Mg
Mate 3130 a 308 a  5H0.8 a 10.3 a 12.3 a
Pigeon poa 822 Lo 100 b 6.2 b 2.5 b
Mixed ntand 2020 b A225(221) ¢ 36.7(2.1) ¢ 9.8(1.8) a  8,9(0.9) ¢ |
Alternate rows 2606 ¢ 5058(340) d 46.5(3.7) A v.3(2.5) a  8.6(1.2) ¢ ;
T ) Nutrient uptake !
N P |
Matse 3130 a 6408 a 66,2 a 13,2 a }
Pigoon 1ea 822 b 17,1 b 1.0 b ‘I
Mixed stand 2025 b 42254221) ¢ dB.313.7) ¢ 9.2(0.2) ¢ ]
Alternate cows 2606 ¢ H5058(340) ¢ TAL3(5.7) A 11.2(0.3) ac .J

Mearss within cach column not rollowad by tetters i aonmon are significantly
different at P o= 0,05 according to DUNCAN's muttiple range tost (1955), Pi-
Jures tnoparentheses for pigeon pea only,

Jurrently not enough is known of the actual fertilizer demands of
Crops grown it association. Therefore it can hardly be assumed
that fertilizers are used very efficiently in intercrops, But ot
is at least obvious that increased optimun plant densitics and
increased production of intercropping svstems lead to an nereased
total nutrient uptake and thus a areater depletion of the soil
(sce Pavagraph 3.7.2.2) . The increase in nutrient untake corros-
ponds to the increase in dry matter production. In a pearl millet/

groundnut intercron, for crample, the LER valuces of the uptake of
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N, P and K at final harvest weore 1. >, 1.28 and 1.26, respectively,
corresponding to an LER of 1.28 for total dry matter (REDDY and
WILLEY, 1981). The increased removal of nutrients in tntercropping
systems has to be offset by increased fortilizor ratoes; othorwise

a detevioration of the soil fert Plity would soon occur.

Lt should be mentioned here that plant population doensities in

traditional cropping ay

SIS, even in crop associatiens, are rather

low, This is a way of avoiding over-ranid depletion of the soil.

Lo Aaction of fertilizers in soloe crops and in intercrops

The response to fortiliczation of intercrops as coempared to sole
Cropsocan be measurad by means of LERs. shonld the LER increase
With tneredasing fertibizer rates, this is a stgn that the fertili-
Serouse ofticiencey s highoer in intorcrons than in sole crops. In
the same way, o decrease of the LER 1ndicates o lower fertilizor

use efficiency of intercrops combared to sole crops,

Julte a large amount of data isoavar lab]e concerning fertilizer
resiponse anointercropping systems, The resalts obtained diffor
great by and an intorpretation of the o1 ferent offocts (s hardly
possible withoat a descoription of the soils (mainly fertility sta-
hn, previows crops, cted) and general growing conditions. The
response of the variteties used in the trials to fertilizers also
have vo be hnown as this has an inf luence on interspecific compe-

tition.

Dominant crops may become more dominant and suporess the dominated

crop o completely, e.a, maiso after N application in a maize/ground-

nut intercrop. But there are also ¢ ses, where the relation botween

dominant and dominated plants is conplotely reversed.,
The introduction of fertilicers into traditional cropping patterns
is often accompasniced by o change from the local to tmproved varie-

ties. As these varicticos have a difrorent morphology, cropping
patterns (population densities and spactngs) have to be adjustoed
to the new sttuations, in order to roduce interspecific compet i-

tion. Otherwise fertilizers cannot be used efficiently. Fertilizer



trials that do not take this into account may give mislecading re-
sults. Trials carvied out at the North Carolina State University
(1976; and SANCHEZ, 1976) clearly show how the LER nitrogen curve
depends on spa.ing configuration. While LER values are Jdepressed
in a maize/rice intercrop at a maize row spacing of 1 m, they re-

mained almost constant at a maize row spacing of 2 (Fig. 24).

Figure 24: Effects of nitrogen application and tall crop row
spacing on the land equivalent ratio of a maize/
rice intercrou (from North Carolina State Univer-
sity, 1976)
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In a maize/bean intercrop the LER nitrogen curve differed comple-
tely between maize row spacings of 1 m and 2 m. Except for the O-N

level, the 1 m rows had higher LER vilues (Fia. 25).
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Figure 25: Influence of nitroaen rate on arain vield and land
equivalent ratio of maize/bean intererop,
Turrialba, Costa kica (from SANCHEY, 1976)
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o-——e Sole maize (1m rows)
o——o Sole beans
o—=o Maize (1m rows)/bean intercrop

=——=a Maize (2m rows)/bean intercrop

While local varieties may give the best relative vields at a low
fertility level, improved varieties respond better to higher fer-
tility rates. This necessitates the use of different varieties for
different fertility levels and again an adaptation of cropping

patterns to the varictioes,

Thus some published data indicate dvereasing LER values with in-
creasing fertilizer rates, while others indicate increasing values.
The available data do not make it possible to perceive a general
trend in the effects of fertilizers in intercrops nor to give

general recommendations for the application of fertilizers. An
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exception is the response to nitrogen in tegune/non- lTegume intor-
crops. LER values of these associations genorally decrease as the
N-rates increase, cven thouah vields of the non-leaune component

rose significant ly. But leqgume vields decrease sharply bocadse of
tncereased shading by the dominant non=leaume croo and the seqat jve
influence of nitrogen fortilicers on symbiotic nitroaen tixalion,

Another reasen for dimnishine LER values is that anitial vield

tnereane:s due to N-tertilicer of coreals intercropoed with legunes
are much Tess than the inercases 10 solo cronped coreals, bocause
vields of intoreropped coreals are already higher at 0-N than

those of sole crons,

In a matee/sova bean intercropping trial in the Philinpines, for
example, the LER values toll from V.47 at O-N to .11 at 120 ko M ha.
Sitrogen uptake indicates that soyva bean fixed about 125 kg N/ha
when no nrtrogen was added, A nitroaen aoplication of 60 kg N/ha
Stopped the N-fixatron, resulting in lower LER values (LIBOON and
HARWOODL , 1975%) (Table 295).

Similar responses to nitrogen application are reported from othor
countries (MUTSAERS, 1978; AHMED and GUNASENA, 1979; SEARLE, COMU-
DON, SHEDDEN and NANCE, 1981; DE, '984) (Table 20).

In most cases LER values drop sharply at the fivst N increment
from 0 to 40 or 60 kg nN/ha, while there is only a slow decrease
at higher N-rates. This drop in LER values is a clear indication
of the greater rolative advant age of intercropping under low fer-
tility management compared with high fertility management. There-
fore, for smallholders with limited access to fortilizors inter-
cropping is undoubtedly the most suitable crorving system, This
does, however, not fmply that intercropping systems are bound to
low fertility-low production situations. These systems can be in-

tensificd successtully,

BEETS (1977) could obtain, for example with appropriate croppina
patterns (Fiag. 26) in maize/soya bean intercrops oven at a high
fortility level {170 ko /ha) LER values excoeding 1,2, with ab-~

solute yields of 2,100 ka/ha maize and 2,100 kag/ha soya bean.



Table 25: Grain yield of maize (DMR-2) and soya bean
(Multivar 89) intercropped at varying levels
of nitrogen and corresporxting TER values
(fram LIDOON an! HARKOOD, 1975)

Crop conbination Maize Soya bean 'Malzc * 1ER
soya beoan
Control
Maize 1.3 - - -
Soya lean - 2.0 - -
j Maize + Soya bean 0.8 1.7 2.5 1.47
] 60 kg/ha N
I Maize 3.9 - - -
| Soya bean - 2.0 - -
T Maize + soya oean 2.0 1.3 3.3 1.16
120 kg/ha N
Maize 4.8 - - -
Soya bean - 2.2 - -
Maize + soya bean 2.7 1.2 3.9 1.1
! 180 kg/ha N
i
ioMajze 5.0 - - -
i Sova boan - 2.3 - -
© Maize + soya bean 2.9 1.3 4.2 1.15
‘ 240 kg/ha N
| Maive 5.3 - - -
Soya bean - 2.4 - -
Maize + soya bean 3.3 1.1 4.4 1.12

5D (50) = 0.7 ton bitween crop means at the same N level for
maize grain yield.

18D (53) = 0.2 ton hotween crop means at the same N lovel for
soya bean grain yieid.

There are no examples of mixtures of only non-leqguminous crops,
that could be cited hereo The increased LER values reported for
mmcreasing Norates o inor mai /rice intercrop (SANCHEZ, 1976) arc
mainly due to N rates above the optimum far single crops. In these
cases intevcrops with a higher population density make better use

of the high fertilizer rate.



Table 26: Average relative yield totals for maize/
groundnut intercrops (MUTSAERS, 1978)

Treatments Sep. - Dee. 1975 Mar. - July 1976
F v, F F
o : l¢] 1
oundnut /maize
o G6:33) S 10 1.03 1.25 1.13
rroundnut/maize
(33:66) 1.08 1.03 1.17 1.09
average 1.09 1.03 1.21* 1.1 %
SE1V 0.061 0.C37 0.077 0.033

significantly different fram 1.0 at the 95%
probability level,

Significantly different fram 1.0 at the 99%
probability level.

F_ = no fertilizer

F‘I = 110 kg/ha N (Urca) + 60 kg/ha '—‘205.

Figure 26: Relative yields for maize (m) and soya bean (e} and

relative yield totals (RYT') (&) plotted against
the relative planting frequencies (BEETS, 1977)
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As already mentioned, the response to fertilizers from Crops grown
in association may be markedly different from the response obscrved
in sole crops. This is demonstrated by the following cexample - cven
though the response to tertilization may not be typical - where
fundamental differences in the response to N, Poand Koot cassava
Jrown as a sole crop as compared to intercropped cassava are

found (LETHNER, 1982). In a soloe crop frosh root yvields showed a
positive response to N oand K oapplication mly up to the first in-
crement and declined at hiagh levels of tiose two elements (Fig.

27, 28).

Fig. 27: Respor’ > of cassava and cowpea vields to band-applied
N inacsoriinon as camared to sole crops (LEIINER,
198.) . (Kindly notice the hiah yield level of sole cassava)
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Figure 28: The response of cassava and cowpxea yields to band-
applicd K in association as cvemared to sole crovs
(LETHNER, 1982)
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In contrast, cassava intcrcropped with cowpea showed a positive
root yicld response up to the highest N and K rates. Cowpea, on
the other hand, showed no difference in response to N anl K when

grown as a sole crop or intercropped with cassava.



On highly pP-deficient and P-Fixing soils both crops responded

positively to increments of p, Sole-cropped cassava showed an al-

most linear response to P oup to the highest P level (wihich is un-

usual), while intercropped cassava responded only up to the first

increment of P (PPiq. 29), Probably the demand for P was reduced

because of the lower vield level,

Flaure 29:  The response of cassava and cowpea yields to band-applicd
P in association as conpared to sole crops (LETHNER, 1982),
(Kindly notice the vield level of cassava, being much lower
than in fiqures 27 and 28).
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From this cxampls it can at lecast be concluded that, in order to
ensure an adequate cad cconomic supply of nutrients for intercrop-
ping systems, it is impartant to know the response to these nut-
rients of cach crop in association. This response can sometimes
have the same tendency in both the sole crop and in association
but on other vccasions responses can be stanificant 1y different
(as in the cexample of M and K application to cassava and cowpea),
Thiz wmeans that no conclusion on the tevtilization of intercrop=
ping aystems can be derived solely from intormation on the teror-
Picer regeivements and response to certain nutrients of their
component o in pure stands. The tertilbicer roquirements of intor-
cropping systems have to be studied with partrcular attention to
croppindg pattern (spatial arrangenment ), varie. es o and soil o condi-
tions, Fertili trials have to take into acooont the fact that
the competitove ablities of the crons in the a "octation are
changed with increasing feortilizer rates. This makes it necessary,
at least in theory, to change the crovping pattern with cach fer-
tilizer increment or botter to test overy fertilizer rate in dif-

ferent spatial arrancement - of the oron association,

c.  Fertili.or needs of intercropping systems in comparison

to crop rotations
In the example given above, the nutrient requirements and responses
to fertilizers in sole orops and crop associations were always ana-
lysed for one scason onl. This approach doos not, howover, allow
a comparison on the fertilizer use cfficiency of sole crops and
intercrops because it ignores the residual of fects of applici Yer-
telizers and of legumes. N-residues are, for example, considerably
higher after a pure lequee crop than after a legume/ceeroal intor-
crop {sece Paragraph 3.1.4) . It is therefore necessary to compare
entire crop rotations or cropping scquences with intorcropoirg

systoens,

Data from soil analyses (SEARLE, COMUDOM, SHEDDEN and MANCE, 1981)
demonstrate that the residual exchangeable soil nitrogen of a le-
gume/cerceal intercrop was between that of a sole cereal crop (maize)

and that of a sole legume crop (groundnut or sova bean) (Table 27).



This amount was still substantial and corresponded tc the resi-
aual nitrogen of a sole maize crop to which 100 kg/ha N had been

applied (Fig. 30).

Table 27: Effect of prior cropping pattern {all without
added fertilizer nitroaen) on residual exck n-
qeable soil nitrogen at 0 and at 19 wooks after
soving and 'mtake of nitrogen by follawinag wheat
crop (SEARLE ot al., 1981)

Exchanceable nitrogen Hitroaen uptake
{prm ) (K N/ha)
Crovping system P L 3
0 weels 19 wooks 19 weeks

Maive 9.0 ¢ 13.1 ¢ 12.d

Sova bean 29.9 a 23.1 a 46 b
Groundnut 32.7 a 234 a 54 a

Maize + soya bean 16.7 b 14.8 be 19 ¢

Maize + groundnut 15.3 b 17.9 ab 19 ¢
Fiqures in the same column are not signi ficantly different at the
5 e devel if follewe 1 by the sane lotter according to DUNCAN's

multiple range test

) at sawing,  2) at anthosis.

The lower amount of residual soil nitrogen after a lequme/non-le-
gume intercrop compared to a purce lequme crop is mainly caused
by lower population densitics of fegumes in intcorerops and by a
reduced development of loegumes due to competition from the compa-
nion crops. In some cases there mioht be also a direct N-transfor

from Ieaumes to coroalys (see Pacaaraph 3.1, 3.,

Thus, from the avaslable results intercropping shows fow advant ages
in reqard te fortilizer use of icioncy and use of biologically
fizxed nitrogen, if intercropping systoms are compared with crop ro-
tations or cropping sequences. Some advant ages miqght derive, how-
ever, from reduced N-lesses due to run-off and lecaching (see Para-
graph 3.4),



Figure 30: Effect cf fer:ilizer nitrogen and
cropping system on nitrogen uptake by
wheat at antiosis - e maize/groundnut,
® maize/soya bean, 4 sole naize crop-
ping patterns (SEARLE et al., 1981)
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3.5.2 Fertilizer practices -~ rates, timing and placement

of fertilizers

As mentioned in the preceding paragraphs, our knowledge of the
nutrient requirements of intercropping systems is still rather
limited. Therefore, no specific recommendations for fertilizer
applicatior to intercrops can be given in this repcrt. Only genc-
ral remarks can be made, as the actual demands depend too much

on soils, c¢limate, varicties, rotations, ctc.
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marks can be made, as the actual demands depend too much on soils,

climate, varicties, rotations, ote.

Fertilizer applications have to be timad and placed in such a way
that an adequate nutrient supply s avaitable at periods of expec-
ted high demand. Sinee, however, 1n Intercropping systems the nu-
trient dewands ot the component crops differ in quality, quantity
and Lame, ot will be Jirficeult co find o general tormula that sa-
Pisties these requirenent s, The use of cropping natterns (e.g. al-
ternate rows) o which st allow Tocalisod placement of a particu-
v nutrient i there oro rocomrenaed. One posstibhility s Lo broad-
castoand dincorporate 0 bhaste dressing of Poand K bofore plant ing
and to apply o direct by o the component  crops. On o sodls with oo
Bigh rate of P-tisation, P has to be appliced Tocalivzed, It can be
placed o bands under or near the CrOp 1n row intercronping oq
applied beside o betow the sced vockets in mixed Intercronping,
Preontd also be o applied (broadeasted) o rock phosphate, winch is
aval lable in soveral West African count fics. This i vl by
relevant for Srops o with a long growing pertod, such as ocassava. An
tnteresting method would be to band apply small amounts of a rela-
Lively soluble P osource for the quirek gqrowing species and Lo broad-
cast oo larger quant ity of rock phosphate tor the intercrop combina-

tion (ORLSTGLE, McCOLLUM and RANG, 1976),

Localiteed placement is not , however, of value in every intercerop-
ping crtuation. The experiments o CHANG, CHANG and HO (19069, ci-
tod Trom SANCHEZ, 1976) with labelled P oand K showed that in a su-
garcane/qgroundnut system the placement of P oand K under the grouml-
nuts drd not prevent the sugarcane from absorbing the greatoest pro-
portion of these nutrients., On the other hand, in a similag CXDOTL -
ment with sugarcane and sweet potato the crop under which the for-
tilizer was placed also absorbod sign ficantly more of the nutri-
entay Thererore, localicod placemont may be of value in fertiticing

oneocropo i preference to another when the root syvstems are not

compet ttive, But this method s not Likely to work when one crop
is able to use efficiently fertilizers placed dirvect ly under the

companion crop (SANCHEZ, 1976).
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Recommended medium fertilizer application rates in lequme/cerceal

intercrops in West Africa are a basic dressing of 30-40 kg P,Oq
(as single or double superphosphate) and 20-30 kg K,0 {as muriate
of potash) - if K,0 is given at all = plus 30-40 kg N/ha as star-
ter nitrogen. ‘The coreals receive a top dressiag of another 30-40
N as urca (depending on the management levels) approximatelv 6
weeks after planting. The top dressing of nitrogen close to the

cereals does not affect the productivity of the legqume crop.

3.5.3 Economics of Fertilizer Use

As alrecady mentioned earlier (Paragraph 3.5.1), tertilizer usc
efficicncy cannot be measured solely in biological terms (LER) but

also needs to be assessed in economic terms.

The farmer has to know whether it is more profitable to apply fer-
tilizer to intercrops or to sole crops. This depends, of course,
on the price ratios of the Jdifforent crops. Legqumes, for examnie,
are normally more remunerative than cercals. A higher land cqui-
valent ratro due to disoroportionate anereases in cercal yvields
does not theretore necessarily give greater monetary returns (sce
Chapter 4.) . One method of comparing the profitability of fertili-
zor use in sole crops with that in intercrops is the value : cost

ratio (VCR) .

Figures published by the PAO Fertilizer Demonstration Progranme

in Plateau State, Nigeria (1979), show that the value : cost ratios
are generally very high (Table 28). This means that a farmer is
better off when he invests his fevtilirver in intorcrons. It is in-

teresting to note in this contest that the VCR for "farmers' prac-
tice + fertilizers” are often higher than those for "all improved
practices + fertilizers”. This is probably tne rveason why farmers
are very interested in fertilizers but are reluctant to accept

0

the other "improved practices”.
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Table 28: valuwe : oost ratios of fertilizers appliced to
sole crops and intercropping systams in the
Savanna zone of Nigeria (FAO, 1979)

Yields I[nereqases Net

Crop Plot tn of yields  profits VICR
kg/ha in kg/ha ha
Millet P 350 - - -
Fp o+ 770 270 115.3 9.1
Alp - P 500 150 51.0 35.0
AIP + P 9410 590 183.7 9.1
Sorghum Fp 125 - - -
P+ P 325 200 65.8 5.6
AlD - P 150 25 T 1.9
AP+ | 800 675 243.4 10.2
Maize/sorghun Fp 609 - - -
PO+ P 907 1302 309. 35 20.2
AlD - 1 1 021 416 98.7 19.6
AP v P 2093 2 088 49204 17.6
Yans/maize Fp 8 510 - - -
FP o+ F 1640 3130 617.9 77.3
AP+ F 14 330 5 826 1 117.8 24.5
Maize Fp 267 - - -
Fp o+ I 875 608 50.6 4.1
AP - 1 408 141 29,95 6.7
MNP+ P 1 707 1 440 330.4 12.2
Maize/ocowpea Fp 295 - - -
P+ p 373 78 3.35 1.2
ALD - ¢ 254 -41 =-19.05 <1
ALP ¢ 1 590¢ 2905 40.65 2.2
Sorghun/cowpea rp 563 - - -
FPov R 1041 478 177.0 13.5
AP - 10 654 9 27.6 4.1
AP+ 1 1193 630 221.9 8.4

= Pertilizer ; *P = Famers' practice ; AIP = All improved prac-
tices.



3.6 Pest and Weed Management in Intercropping Systems

Traditional cropving systems, insofar as they are not deqraded, are
in an ccological balance with their environment . Yot, this balance
is a "low-level cquilibriun™, Pest and disease incidence are rela-
tively Jow, but vields are also low, The introduction of new cron-
ping systems (eods sole cronoing) and higher vielding varietics has
In many cones created an ccolegical inbalance and has thus lowered
stability tincluding viehi stabilite), partially because of increa-
sodipestoand disease incrdence. This again prevents full exploita-

tron ot the incroased vield potontial.

It 1w therefore the task of agricultural research to stabilize
yrelds at a higher level. This has been achieved partially by means
of chemical plant protection which has become very of fictent in tem-

perate climat and 1n some croppina systems of the tropies. Yot

the risk that the pests may develop resistance mechanisms - already
high tn temperate climates - is even higher in the tropics Jdue to

an increased number of gencrations per year. In addition, most foe-
mers o an the tropics are not able to apply chmicals bocause of e

lack of infrastructure {distribution, avarlability, oxtension ser-

vice) and the prevalent cropping svstems (scoe also Chapter J) .,
forts have been made 1n the past to chanae tradit tonal SropDING syve-
tems s0 as to allow more officient application of posticide. but
these efforts have failed, for the reasons discussed in the nroce-

ding paragraphs and Chapter 4. Resistant varietics developed for

some crops by nattonal and international crop Sfmprovement sregrammes
have saffered more or less the same fate. Apart trom distribution
problems, the new varietics were often not acceptoed by farmers bo-
cause they did not 1t into the prevalent cropping systems (diffo-~

rent morpholtogy or maturity periods) or because quality (taste,

colour, texture, storability, ete.) did not satisfy consumers' de-

mands,

S0 it seems espedient to try to exploit the biolegical factors in-
herent in traditional cropping patterns and to develop a cropping

system stabilized, perhaps, at a medium yield level. This requires
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Examples of stable sole cropping as well as stable intoercropping
systems do exist. Pest probleuns in general scem Lo be most acute
at the interface between two kinde of habitats where diveosity is
greatest and where divers eloments of both habitats are exploited,
There are serious pest problems in the sSudan sSavanna, tor oexample,
where the main pests of sorghum - namely hivds, grasshoppoes, sor-
ghum bug, shoot 1y and midae - all originate from the wild Lrees
and herbaceous vegetation of the natuara! savanna. The charact oros-
tic patchwork of "bush" and cropped Tand throughout wuch of the
tropres also creates o diversity which cxacerbates pest problems;
thus many vests depend upon and originmate from the bush, one ox-
arple heirng the cotton stainers, l_’l’fl;_it_'}_\_‘l_lf_'-«:j!‘x_‘;, whose pest status
noa partteular region s oontire,w relatod to the nresence and
abundance of Slternate hosts in the bush, The above ovidence indi-
cates that severe pest oroblens may be oxacerbated at intormediatoe
Stades an the process of simplifying the ccosysten but can dimin:sh
tn the ultimate crmple system. In other words, the first stages in
the breakdown of o delicate natural "climax" are sometimes delote-
tiows. Purther samplitfication can tead to another form of stabili-
ty oin which pest problems diminish, as an the wheat monocultures
of Canada (WAY, 1977 b).

The above evidence implies that Jiversity within a region or group
of vcosystems does not prevent pest problems; on the contrary, it
more often seems to create them, Yet within smaller ecological
untts such as farm ccosystems, intricate relationships can be ox-
puceted to evolve and it is at this level that diversitv/stability
relationships and theiy implications for pest and discase problems

need to be examined (WAY, 1977 b).

3.6.1 Influence of Intercropping on the Population Dynamics
of Pests

The great number of intercropping systems cnables the farmer to
spread the risk of crop losses due to insect attack even better

than the risk of drought. Thus by crop managemcnt methods the



farmer can influence the attractiveness of the crops and can cre-
ate an unsuitable habitat for pests and a favourable environment
for predators; he can protect the main crop by means of diversio-
nary hosts and buiid up barriers to the dispersal of pests (NOR-
TON, 1975). To sum up, he can increase the associational resistance
of a cropping svoaten. The nest two paraaraphs out line some of these
population effects and indicate how they may be strengthened as

components of integrated pest management .

3.6.1.1 Mechanisms of Pest Control in Heterogenous Plant Popu-

lations

The population dynamics in most species can be simply represented
as in Fig. 31 in order to highlight critical times at which con-
trol measures may be adopted. Mixed cropping may particularly af-
fect crop colonisatiun as well as subsequent population develop-

ment and survival,

Lrop colonisation

Visual _effects:  a mixture of crop types may affect the visual
stimuli whieh attract insect pests to their suitable host plants
amd, in extreme cases, one crop becomes totally camouflaged by
another to flving insects,particularly voung plants in a relay
system. For most annual crops the number of exogenous insects in-
vading at the beginning of the growing secason, eoither from adja=-
cent uneultivated areas or from qreat distances, is a vital factor
in determining the final pest abundanco (SOUTHWOOD and WAY, 1970).
A sobad green background appears to be less attractive to cerdain
pests than a foliage/carth contrast, i.e. widely spaced Crops
(PERRIN, 1977; OHNESORGE, personal cormunication). Thus maive in
a maize/groundnut intercrop is less atlacked by maize borer (05—
trinie_ turnacalisy (Tablc 29 becanse the borer moths prefer a

background with a brownish hue to a solid green background (RAROS,

1973).

effects: Host plant orientation in insccts often involves

10
V=
=

olfactory mechanisms and it is claimed that these are disturbed
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by the presence of aromatic plants such as onions, garlic (AIYER

1949) and lemon qrass (Cymbopogon citratus). TAVAINAINEN and

ROOTS (1972) rvecorded reduced colonisation and subscequent repro-

duction of Phyllotrota cruciterac by interplantinga coltards with

tomato and tobaccu, resulting in only a quarter of the leaf da-

mage found in pure stands.

Figure 31: Stages in pest population dynamios which may be
affected by intercropping, Possible effects of
intercropving are shiwn on the right  (PERRIN
and PHILLIPS, 1978)
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other, ;<rhaps more susceptibic or ecconomically valuable crops
from <cvere damage. Okra seems to be a usetful divisionary crop
for rlea bectles, Podagqria_spp., atracking cotton., The preference
of certain polyphagous pests tor cereals may help te explain why
couvpea is less subjy et to tnoect damage when intercropped with

sovghum rather than colo cropped.

The particular growth stages of cach crep present at the time of
the pest invasion usualtly determine whether or not diversion from
the main crop will occur. Thus, maize can protect cotton from H,

armigera attack in certain situations, while in ochers it leads

to sevore infestatron of cotton (PERRIN, 1977).

Dispersal

The disperz:al of both the adulce and larval stages of insect pests
may be impeded where host and non-host are growiry totether, The
non-host plants may offer a barrier to dispersal. This appears to
be true for pests of cowpea, where cowpea is intercrooped with cos
reals. For exanple, the thrips attack on cowpea is reduced by oan-
terplanted maize (ROSIHGH, 1980). The degree of dwmpedance nmay part-

Iy depend on the intercropping pattern, since TAYIOR (1977) has

obsereed that cowpea lowers were less damaged by Marnca testulalis

when cowpea wWas intra-row mixed with maiee. In sone cases the vmes
pedance of dispersal oo more a resualt of wider spacing than ot an-
tercropping as wider spacing may result oan increased Larval morta-
lity (PFAUE=VOGT, 1980). Thus, the roduct ien of stem borer anfeo-
taticn of maize intercropped with greundnut, as cited above, may

be also a result of this offect, This strateay would not, however,

be cconomie without interplanting groundnut s,

Interplanted non-host plants may exert a "fly-paper ef fect™ {TREN-
BATH, 1976) causing a loss of the dispersing individuals which
sottle on the non-host component of the intercrop, bven if the
scarch for a suttable host s continued after a while, the morta-
lity of the pest is increased leading to reduced infestation of

host plants (PFAUE-VOGT, 1980).

Merely anoouter "quard-row" of a highly preferred crop (trap crop)

may prevent widespread dispersal of crawling insccts which invade



from adjacent uncultivated arcas. For example, in a soya bean/
pigeon pea intercrop an outer row of the proeferred soya bean may
be just as eofficient as a barrier to immigratinag hairy caterpillars

(Ansacta

asoa BHC-fi1led trench (KRANTS, VIRMANT , ZINGH, and

Therefore barricrs and hazards to insect dispersal are regarded
by WAY {1975, cited rfrom PERRIN, 1977) as an "outstanding and fun-
damental component of insoet pest o control®, An cexample of real
hzards 40 qiven by FARREL (1970) who observed in Malawi that the

hooked haors of intereropoed Phascolus beans travped dispersing

tndividuals of Aphis craccivora and of $oct tvelv reduced the rosette

Virus rafectron aof gqroundnout o,

Mortatity by natural chnesl es

fnothe more diverse onvironmen' croated by intercropping, the num-
bers and/or diversity of natural enemios may ke increased (RISCH,
PO79) or, periaps less commonly, decreased (VIMENTEL, 1961). More
predatory wolf spiders were found in a maize/groundnut intercerop

tn the Philippines than in sole cropped maize (RAROS, 1973), which
ferther contributed Lo the eontral of the stem borer achieved by

wider spacing of maize 1n the intercrop (scee above)

While most inscec! pests causce economic vield Tosses only when po-
pulations reach oxtreme densities, there are also some " low density”
pests, whereby even a few individuals cause considerabloe damaqge.,

In this case, biological vest control s more diffYicult to achieve,

but can nevertheleoss be succossful. e the case of the coconut hug

(Psendothorapt us Wavi) o even 1.5 bhuas por tree constituto an out-

1)
___________ -y

wagding can control the

broak. The prodaceoas ant (Occophylla_

ug. But where coconnts are under clean cualture the colonios of
Oecophylla are climinateod by another ant, Diee o megacephola.

ol

Only underaqrewt b provides o tavourable habitat for 0

1la as

well as a means Sor it to o avoid the Pheido

Lo while moving from tree

to trees Thus an the Solomon [slands and Zanzibar a cover Crop was
recommended and this permatcod offoctive control of the coconut bug
(O'CONNOR, 1950 and WAY, 1953, cited from VAN DEN BOSCH and TEIL-
FORD, 1964) .



Natural enemics may be one of the major hawards to which disper-
sing pests are increasingly exvosed inoan intercrop. Bul in situa-
tions where a complex of qeneralized eredators is less important
than one or two cpecific natural enemy species, intorcropping may
result in harmful intorference and disruption of the pest/natural

enviny balance (PEKRIN and PHILLIPS, 1978).

Predators and parasites ace not the only natural enomices of inscet
t J

pests. Entomephagous fungr may also lead to an increasced mortality

of pes

i. These rungt generally benefit from high velative humidi-
ties beneath dense folias canopics and this probably exovlains the
reduction in the w.to abundence on areca nut (A._vatechu) grown

Lboeneath banana in India (RHALER and ANTHONY , 1968, cited trom
PHRRIN, 1977),

Agssociated resi

ALl Tactors which lower pest incidence in an intercrop operate in

combinat ion as ssoctated resistance” (ROOT, 1973, cited from

PERRIN and PHILLIPS, 1978; ALTIERI, FXANCIS, VAN SCHOONHOVEN and
DOLL, 1978}, There is obviously still room to increane the asso=
crated resistance in intercrops and thus reduce the need for pesti-
cides. Serious rescarch will, however, be neoded 1o bettoer wnier-
stand all the factors leading to "associated resiastance” and Lo

make full use of them in intereronning systoms,

The effect of cropping patterns on the povulaticn dynamics of pests
can be summarized as o in Fig. 32, 1t has been emphasized that many
Pacters influence a farmer's choice of crops and cropping patterns,
but where a servious pest s regularly abundant, and intercropping
is reqarded as a potentially valuable control measure, opportuni-
tics clearly exist at several stages to orevent successful ostab-
Lishment and rapid increase of the pest porulation. In the follo-
wing paragraph some examples of positive ef fects of intercropping

on pest damage arce given,
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Figure 32: Features of the vopulation dynamics of posts
affected by cropping patterns (PERRIN, 1977)
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3.6.1.2 Effects of Intercropping on Pest Damage

There are quite a number of examples, where intercropping reduces
vest damaage. Even though this can never be as effective as chemi-
cal sprays or resistant varietics, the reduced yield losses can

still be important for a small farmer for whom neither chemicals

nor resistant varietics are available.

When intercropping maize with cowpea in south-western Nigoeria,

TAYLOR (1977) demonstrated chat stem borer fosseola fusca and

Sesamia calamitrs damae to maise as owell as Maruca M. _t

age to the flowers and pods of cowpea could be reduced significant-
ly. Tt was possible o reduce the number of pesticide apnlications
from 7-8 to 2. In this trial » mixed intercropping (intra-row mix-

ing) resulted in less damagqe than row tntercropping, With the va-

ricty "Ife-Brown" it proved possible to roduce the Mar damaae

to pods from 19.4 ¢ in sole cowpea to 9.9 % in intercropped cowpea,

and maize stem borer damage from 16.2 3 to 8.2 + (Table 30).



9t

Table 30: Dry seed vield (kg/ha) of scle maize and sole cowpea campared with two forms
of intercropping under minimum insecticide application (TAYIOR, 1977)

Mean percentage

Mean percentage Mean rercentage

Sole ard . Total seed Maruca damage  Laspeyresia
mixed crops Maize Cowpea vield per ha mfﬁ;g:;laqe (cowpea) damage
' Flowers Pods (cowpea pods)
A. Sole maize 2158.3 ¢ - 2158.3 15.6 a4 - - -
Maize/cowpea 5 L,
(inter-rows) 2666.6 b 800.0 b 3466.6 10.2 b 18.8 a 6.4 a 17.3 b
Maize/cowpea
(intra-rows) 3031.6 a 1200.0 a 4291.6 8.5 b 10.3 b 17.5 a 24.0 a
Sole cowpea - 1250.0 a 1250.0 - 15.2 a 18.6 a 13.3 b
B. Sole maize 2631.0 b - 263.1 15.2 a - - -
Maize/ o a -
1 T ewpea 2625.0 ¢ 135.0 b 266.0 10.1 b 15.0a 14.2 b 1.3 a
(inter-rows)
Maize/cowpea 2675.0a  155.0 a 233.0 8.2 b 8.3b 9.9c  11.0a
(Lntra-rows)
Sole cowpea - 85.0 8.5 - 15.9 a 19.4 7 11.0 a

A. = Cowpea cultivar TVU 4557;

E. = Cowpea cultivar "Ife Brown".

*Two applications of 0.1 3 monocrotophos at 400 g ai/ha.

** Figures followed by the same letters are not significantly different (P =

DUNCAN's multiple rance (Test)

0.05) accordina to




Similar results for raize werc obtained in India (CHANT qia
SHARMA, 1977) where by intercropping with various legumes, it
was possible to reduce stoem borer (Chilo partellus) incidence

sigrificantly (Table 31).

Table 31: Effect of campanion Crops on maize stem borer incidence
(Aresin/porcontage)  (CHAND il SHARMA,  1977)

Mean pereentage of plants showing borer attack
Crop associations Ist year 2nd vear Two vears data
30 pAs MV 60 DAS 30 PAS 60 DAS 30 DA 60 DAS
Sole najze 14.6 19.2 17.3 20,0 16.6 19.6
(6.8) (r1.n (9.4) (12.0) (8.1) (11.9)
Maize/soya beoan 11.9 14,2 1.2 15.3 11,5 14.8
(4.9) (6.8) (4.9) (7. (1.9) (7.1)
Malze/black qram 11.5 14.8 131 16.0 12.3 15.4
(4.7 (8.1) {6.2) (8.6) (5.5) (8.4)
Malzo/velvet bean 13.0 P15 10,4 14.4 1.7 14.5
(5.8) (6.9) (5.1) (6.6) (5.5) (6. 8)
C.D. 5% N.S. N.S. 3.5 3,90 2.92

1) DAS = Days after sowing . Figures in parenthesis indicate original values.

In a maize/bean intercrop in Colombia (ALTIERI, FRANCIS, VAN SCHOON-
HOVEN and DOLL, 19/8) the adult populations of the most important

pests of beans, Empoasca kraemeri, a leaf hopper, and Diabrotica

pectively (Fig. 33). §Qg§9u£g£g_[§ggiggggg incidence as cutworms

in mairze was -educed by 14 3. Also, intercrops had 23 3 less infes-
tation of fall army worms (S._frugiperda) as whorl feeder. These
reductions in pest populations wore obviously caused by an ircreased
predator population, as the occurence of natural predators was sig-

nificantly higher in the intercrop after 10 days from planting.

Planting dates of maize and beans have an influence con the popula-
tion dynamics of pests. Advanced planting of maize (30 days) re-
duced bean pests significantly and advanced planting of beans (30

days) reduced maize pests significantly. Unfortunately, no data arc



available on the actual crop losscs.

Fig, 33: E. kraemeri (a) und D. balteata (b) adult population
dynamics in sole and intercropped beans (with maize)
(ALTIERI et al., 1978)
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When comparing the inscct fauna of 80-day old plots of sole and
intercropped maizc and sweet potato in Costa Ricn, RISCH (1979)
found 15 % more total specics in the incercrop than in cither

sole crop, but approximately the same total number of individuals.
There were 75 % more species and ncarly 100 % more individuals of

portion of phytophagous individuals was lowest in the intercrop
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and highast in sole cropped swecet potato (Table 32). The differen-
ces in the number of species botween the sole crops and the inter-
crop can mostly be attributed to the much larger number of para-
sitic Hymenoptera in the intercrop. It scems that the intercrop
prescents a more suitable habitat Yor many species of parasitic
Hymenovtera and that it is not the particular insect host but the
habitat (c.y. presence of nectar and pollen requived as food by

adult Hymenoptera, sco Pavagraph 3.6.1.13) which attracts these spo-

e

cies and increases the probability of their remaining in the en-

vironment.

Table 32: Predaccous, parasitic and phytophagors adult
insect species (sp.) and individuals {ind.)
taken in 600 sweeps of maize and sweet notato
sole- and intercrop (RISCH, 1979)

Sole Sole § L nte;crogf
maize sweel potato  THAC/Sweet
potato
S0, ind. 5. ind. 5P, ind,
Hymenontera 46 189 42 60 67 251
predaceous and parasitic 42 137 39 53 63 226
parasitic only 36 127 20 50 62 225
Formi cidae 2 15 1 4 3 >
Hemiptera 18 54 12 25 2 5
prediceous 1 2 1 1 0 0
phvtephagous 17 52 1 24 2 5
Colecptera 52 242 35 503 60 401
predaceous 8 35 6 9 10 32
vhytophagous 29 165 25 182 24 287
Homoptera 17 569 31 306 20 79
Orthoptera 2 2 9 69 4 5
Lepidoptera 7 9 " 19 7 "
Neuroptera 2 9 0 0 1 17
Trichoptera 0 0 3 3 1 2
Demaptera 3 5 0 o} 3 Y
Total prodaceous 17 56 10 13 14 50
Total proedaceous and
parasitic 53 182 46 63 74 275
Total phytophagous 72 797 87 900 57 687
Total M2 1036 143 976 145 1.012




Intercrooping does not necessarily favour oniy predators; there
are also examples where it favours pests. The attack on cotton by

the American Boll Worm (Heliothis

for example, is in-

creased by relay cropping matre with cotton., This was frequeatly
obuerved in Tanzania, whea the traditionally grown sorahum was ro-=
placed by martve in the cottor growing arcas (REED, 1905) . The ot-

focts of intercrovping o, howover,
H4 L

pend indivect I on the olimate
and may e thus Jditrerent on the huamtd and semi-arid tropics, The
vermanence of crops s lmportant, t.e. the presence of host plants
all che year round Yavours an equi librium belween pest and preda-
tors and prevents vapird build-ups of insect vopulations. Thus many
major pests of perennial crops have a bimitted tendency to dispersal
and form relatively closed populations, toacther with their complex
of natural ecnemics., The comparative stability of the plant habitat
makes this possible and creates o sitwation where biologieal con-
trol by natural enemies can have an important stabilising ot foct
on pest species. Inocontrast, in oannual crops o of limited duration
it ois the natality rate which deternines the population siee
(SOUTHWOOD and WAY, 1970) . Thus in the cauable humid  climate of
southern Uganda,

Hoeliotha triiygera breeds throudhout the year on

a wide range of crovs and wild plants. Here the compleox of small

fields 1n a semi-witd onvir: apparent by simulates "perennral”

stability, cnsuring that il Cra o renalng aoninor pest, In Tan-
zanita, however, the dry scason anduces Jdrapause, the offect of

which 15 to produce an "annual crop” and this undoubtedly nrohibits
successtul biologieal control, In these circumstances the plantinag
of maize with cotton increases the abundance of H. _armigera because
the pest multiplies on maree and thus migrates to cotton without
berng checked by natural enemies. Thus the same cropping oractices
minimree the offoct of the annual crop stability in some circum-
stances, but cxaguerate 2t in others (SOUTHWOOD and WAY, 197n0) .

A decrease an the pest population does not, however, alwavs lead
to an equivalent reduction of yreld losses, Soveral phytephagous
insects, feeding on leaves, do not influence vields at all. For
CAdID L, i sttt v Lt o wne Tear area ndes ds above Che oot inum
under agood growing conditions. So a loss of leaves may just bring
the LAI down to the optimum. Plants can also compensate for losses

to a cortain extent. Therefore, 1t is obvious that the final aim



of integrated pest management is to reduce the loss of crop yield
and quality rather than the number of pests (PERRIN, 1977) (Table
33).

3.6.1.3 Effects of Weeds on Insect Populations

When discussing the influence of cropping patterns on the nopula-
tion dynamics of poests, the impression may be given that cropping
patterns are defined only by arable crops and perhaps tree crops.
Yot weeds are part of overy cropping pattern and both the quantity
and the quality of the weed population, are at least partially
conditionod by the actual cropping pattern. Thus weoeds in the
field and, to some extent, around the ficld have an influence on
the insect povulations, whether peat t or predators. While weeds are
mainly considered as hosts ror insec pests (more than 400 pest
problems are caused by woeeds (VAN EMDEN, 1965)), certain weed spe-
cles blayan fmportant role in the biology of many beneficial in-

sects,

veeds are {frequently the only source of flowers {(pollen and nectar)
which are vital for maintaining high populations of beneficial in-
sects In agqro=ccosystems (VAN EMDEN, 1969) . Although inscect proy
provides the diel for most ontomophageous species, the results of
several studies demonstrate an additional need for aminoacids and
carbohydrates frem plants, Noctar sources appear to have a role in
parasite survival during poriods of lower host dersity (ALTIERI
and WHITCOMBE, 1979) 0 Weenls ~ve a1a0 the hosts for alternate prey.
Non-pestiferous herbivorous pnsects on woeeds nay serve as hosts
for entomophagous 1noects, thus Laproving the survival and repro-
duction of beneireial insocts an t he agro-ecosystem (VAN EMDEN,
V9775 ALTIERD and WHITCOME, 1979). At the moment , however, there
s a lack of knowleduae as to how the presence of specific weed
spacies can be encouraged in a field for the purpose of increasing

entomophageous 1nsect populations.,
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Table 33:

(adapted from ALTIERI ct al., 1978)

Exampies of successful pest con’.col by intercropping

Intercropping system

Pest requlatad

Factor involved

Reference

D

. Cotton/forage

cowpea
Cotton alfalfa -
strip cropping

Anthonomus
crandis

Lygus hosperus
and L. elisus

Population increase of
parasitoids (Bwrytoma sp.)
Prevention of cmigration
and synchrony in the rela-

Maroovitch,
1935

van doen Bosch
and Stern,

tior between posts and na- 1969
tural enanics
3. Strip sopping of  Heliothus zea  Increased abundance of Deloach,
cotton and alfalfa and predators (Orius insidi- 1970
on one side and Trichoplusia nrosus, Hippodania conver-
maize and soya gens and Coleamegilla
bean on the other maculata)
4. Cotton/sorghum or  Heliothis zea Increased abundanoe of Fye, 1972;
maize predators  (Hippadania sp., Burleigh,
Nabis sp., Chrysopa so. 1973
and Collops sp.) dw to
the presence of alterna-
tive preys (Rhopalosiphum
maidis and Schizaphis
qramimm)
5. Tamato and Phyllotreta Feeding inidbition by Tahvanainen
tobacoo/cabbage cruci ferae odors fom non-host plants  and Root, 1972
6. Tamato/cabbage Plutella Chomical repellency or Raros, 1973
xylostella masking
7. Growxinut/maize Ostrinia Abundance of predatory Raros, 1973
furnacalis spiders (Lyoosa sp.)
8. Sorgmuny/aowpara Maruca testu-  Net reportod Raheja, 1973
lalis and
others
9. Sesame/sorghun Antigostra sp. Shading by the taller Litsinger and
campanion Ccrop Moody, 1975
10. Maize/bean fmpoasca krac- Increasod abundance of Altieri et al.,
meri and Dia-  parasitoids and predators 1978
brotica balte- (Anagrus sp. ,Condylostylos
ata on bean, sp. and some Hoemiptera =9 E,
and Spodoptera kracmeri; Meteorus sp. =
frugiperda on S. fruviperda)
maize
11. Maize/ocowpea Maruca testu-  Hot reportod Taylor, 1977
lalis on <ow-
pea and Busse-
ola fusca and
Sesania calam-
1stis on maize
12. Maize/sweet Diabrotica bal- Increased abundance of Risch, 1979
potato teata and D. parasitic Hymenoptera
adzlpha
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ALTIERI, VAN SCHOONHOVEN and DOLL (1977) carried out some field
trials to determine the major crop-weed-inseas. inkorastisane in 4
bean cropping system in Colombia. Adult and nymph populations of

Empoasca Kracmeri, a major bean pest, were significantly higher

in weed-free than in weed-infested bean cultures. Tho population

of Diabrotica balteat~ (another major bean pest), however, in-

creased in weed-infested plots, whil> the predator population was
not affected by habitat diversity (fable 34). The overall bene-

ficial effect of weeds in reducing pust 1ncidence was, howover,

3

ostly offset by the neaative effect of weed competition.

The results are not surprising as VAN EMDEN (1970} had already
stated that "any small beneficial contribution weeds may make to
pest control is far outweighed by their harmful offecet and the ad-
vantages to crop growth of their removal {sece also VAN EMDEN and

WILLIAMS, 1974},

Table 34:  Incidence of p2sts and predators in dif ferent
bean-weed systems (ALTLERI, VAN SCHOONHOVIN
and DOLL, 1977)

% soil £ krarer- O tatte gt Oorebcpngutae Hedoavatae a
covered Aty Pogr by FRIITS e tiity RO Natudae ataity
Ay BUBecnaits 19 teun raeny R tes o, Beget g sty D bedn ypanty

0 EIP) 24 23 298 148

25 3’y 13184 N Qe 260

50 297y 105, 67 149 . €0

5 4. 1B8a BRY [VSL) 33

o RV I Ta 15 0K? }io

NS NS

1) Elunul'c‘s followed by the same letter are not
significantly difforent at p = 0.05.

When testing the effects ive i
esting the effects of weed diversity on the dynamics of Spo-=
- ¢ ; B . 4 -
doptera srugiperda and its associated predators on naize in Flori-

da, ALTIERI (1980) found significantly hiqher predaror populations

d sianifics . o i . . .
and slgniticantly lower damage to maize plants in the weed-infosted



plots. Since, however, no yield figures are presented, it is

doubt ful whether reduction in plant damage really led to yield in-
creases. Nevertheless, when discussing intoegrated post control for
smallholder agriculture, the benericial erfoct of weeds should not
be ignored (soe also Paragravh 3.4, crosion control) and means of

exploiting them should be investigated.

3.6.2 Influence of Intercropping on Epidemics of Plant

Disecasces

Cropping systems influence not only the population dynamics of in-
sect pests but also epidemics of plant discases. I'm the following
two paragraphs mechanisms of disecase control are discussed and

some examples given.

3.6.2.1 Mcechanisms of Discase Control in Heterogenous Plant

With a few exceptions intercrops suffer less discase than pure
creps with the same overall density. This reduction in discase
may oceur, because mixed stands contain a greater proportion of
plants with resictance to some of the pathogens nresent. Often,
however, the level of discase in a mixed stand is leus than that
which would be predicted from a simple consideration of discase

rates in pure stands of the component speciecs (BURDON, 1978) .

There are several mechanisms whereby discase reductions are achie-
ved in mixed stuads. Probably the four most important ones are

(BURDON, 1978):

a. In a pure stand of plants with unifora susceptability to a
particular pathogen, the replacement of a proportion of
these plants by resistant ones reduces the amount of tissue
which may become infected and this in turn reduces the
amount of inoculun available for subscequent dispersal with-

ir the stand.



b. Replaccment of susceptible plants by resistant ones results
in a Jdecline in the density of the remaining susceptible
plants and thus an increase in the averaqge distance that
inoculum has to travel between one susceptible plant and
another; increased distance is often associated with fac-

tors which reduce the spread of inoculum.

c.  Resistant vlants may ‘nterfere with the passage of inoculum

between susceptible plants.

do Cross-protection phenomena may vplay some part,

Clearly these four mechanisms of diseasc control are utmost cf
importance when the majority of the pathogens present are host spe-
cific, because it is only under these circumstances that the deve-
topment of cach pathogen wil!® separateds be timited to one of the
components of the mixturce. Although a :ow studies have clearly
shown a reduction in infection rates in mixed stands, when com=-
pared with pure stands (LEONHARD, 1969; BURDON and CHILVERS, 1975,
1976) , little attempt ! s been made to determine the relative con-

tributions which these four factors make towards reducing disecase.

The relative wmportance of the reduced density of susceptible plants
(throuat factors a and b) and the resistant plants which act as
barriors to the spread of inoculum {(factor o) as regqards the re-
duction of discase rates in intercrops may be determined by com-
paring the offect on infection rates when  suscentible plants are
replaced by resistan ones whi sh has Lhe of foot of simply reducing
the density of susceptible cure stands under conditions in which
cross-protection cannot occar. BURDON and CHILVERS (1975) usced
Lhis approach to demonstrate that the rates of increase in a soll-
borne patho-~syaten wore faracly dotermined beothe net density

of susceptible plants present in my mixture. Similarly, in an atr-
borne svstom (BURDON and CHILVERS, 1976), most of the reduction in
infeotion rates was attributable 1O the Tower density of suscon-
tible plants, althowsh in mixtures containing high rroportiong of
resistant plants, the rates were less than those recorded in sus-
ceptible pure stands of oquivalent density, The interception ot
airborne inoculun was thus found to have a negliqible effect on

disease rates when the proportion of suscout ible olants was hiah,



but the results suggested that this factor would make an increa-
singly significant contribution to discase control as the provor-

tion of resistant plants rosc (BURDON, 1978).

The final factor (d) to be discussed here, cross-protection, has
been demonstrated in controlled conditions by many iosearchers
but its occurrence in intcverops in the field has not ceally been

proved.

When the proportion of resistant plants in a mixturc is low, the
density of susceptible plants does not diffeor greatly from that

of a pure stand. In such circumstances infection rates will remain
high because (a) there is an abundance of susceptible tissue for
multiplication of the pathogen; (b) the distances between suscep-
tible plants are small; (¢) little itnoculum is lost lue to impac-
tion on the relatively fow resistant individuals present, and (d)
the opportunitices for Cross-protection are limited, Conversely,
when the proportion of resistant plants in a mixed stand is high,
infection rates will be low. The relative effoct of these factors
in reducing infection rates (BURDON, 1978), and finally vield losses

(Fig. 34) therefore depends upon the rreguency of resistant plants.,

The most effective mixture of crops from the point of view of dis-
ease control depends on the relative resistance of cach crop spe-
cies and on the prevalent discases. When all Crop speocies are
cqually susceptible in o certain envirconment , then the best discase
control strateuy is to keep all component crops in roughly equal
proportions. The more susceotible crops should, nowoever, be planted
tnosmaller proportions. Bul this is only of value on the assumption
that the total population densitics of mixtures do not differ from

those of sole cropa,

Most times, however, the total plant daensity of intercrops is
higher than that of ocither sole crop. This itnduces a change of
microzlimate, cspectally where low-growl na crops are interplanted
between tall species fstolter offect). In many 2o oies the retative
humidity is ncrcased (seo Paragraph 3.1.2), i.¢. the microclimate

becomnes more favourable for fungal and bacterial discases. The sus-



ceptibility of the crop specics, primarily the dominated ones,

might also

Figqure 34:

increase due to reduced insolation.

Disease progress in a crop mixture with increasing
frequencies (f = 0.125 - 1.05) of susceptible plants
in the mixture. (The lincs represent loqgit lines in
the exponential phase of the epidemic)

(from ZADOKS and SCIEIN, 1979)

infection rate (logits)

0,3 1 1.0
0.5
0,25
0,2 -
0,125
0.1
0 ]
0 time 1

157



3.6.2.2 Effects of Intercropping on Plant Dis

Beneficial effects of intevcropping on plant discases are most

likely to occur with soil-borne discases. In most soil-borne dis-

discase transmission is reduced at lower plant densitics and
discase advance is alowed down., As the density needed to produce
significant control g likely to be much lower than that roegut red
for efticien crop production, low planting Jdensity of o single
spoecies i ounattractive as g disease control measure in agriculture
or horticalture, an alternative 1, ot fill the gaps with ditfoerent
discase resistant species. Thas a full plant poputation can be
arown on a field and the same oftect upon slowing down discase ad-
vance can be ach® od by a low sole population of the susceptible

Chap.

That this can be a valuable practice was shown by experiments with

Leprdium sativum (garden cress) susceptible to damping-off by

Pythium trregulare and Lolian rigiduw (a rye grass), rosistant to
the pathogen (BURDON and CHILVERS, 1976). In Lhe experiments (with
three different seedling populations) the apparent intection rates
In the mixtures containina 50 © resistant plants wore substant Pally
less than those in sole crops of the same overall densitics (i,

35).

At both densities tested in mixtures the apparent infection rate
declined as the proportion of resistant plants increased and that

of susceptible plants decreased (Fig. 36),.

Even with soil-borne discases, however, intercronping is not al-

in Cameroon, caused by Pythium myriotylum, was favourced by inter-
cropping maize or cassava because this restrictod the carly Jdeve-
lopment of the cocoyam plants, making them more suscoptible to

the discase {STFINER, 1981).



Figure 35:

Apparent infection rates (1) in 50:50 mixtures canpared
with thote in sole stands of susceptible plants planted
at the same overall densitios, (@) {b), Soparate ORpPO=
rimental runs. 0, sole stands o susoeptible plants;
@, H0:50 wintures {BURION and CHIIVERS, 1976)
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Figqure 36: The effect of changing the proportions of two spocies

in a mixture on apparent infection rates (r}. Overall
densitios of (a) 1800 plants/m?, (b) 3.600 plants/m?
(results of two experimental runs, O and @) (BURDON
and CHULVERS, 1976)

r
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Intercropping also affects coidemics of airborne discases. A sig-

nificant reduction of cassava bacterial blight (Xanthomonas mani-

hotis) by intercropping cassava with maize, melon or other crops
is reported from Nigeria (ARENE, 1976; ENE, 1977). “"his is pro-
bably due to the earlicr and better soil cover provided by the in-
tercrops, which, at least to some extent, prevented the splashing

of bacteria from the soil onto cassava leaves (Table 35).

Table 35: Effect of a cassava/maize/melon
association on cassava bacterial
blight (Xanthcmonas manihotis)in-
cidence in Umxlike, Nigeria
(ENE, 1977)

Cropping system Average incidence
3
Cassava 20.3 a1)
Cassava/maize 16.9 b
Cassava/melon 18.9 b
Cassava/maize/melon 4.1 b

1) Figwes fol'owed by the same letter are
not significantly different at P = 0.05.

As only few data from West Africa are available in this respect,
data from discases in intercropping systems with cassava in Central
America (MORENO, 1979) are presented in the following. While the
apparent infection rate of cassava mildew (Oidium_manihotis) is
increased by interplanting maize, it is reduced by interplanting

a low crop such as beans (Table 36). This is a surprising result,
since one would assume that maize acted as a barrier, and reduced

the spread of inoculum. At the same time, angular leaf spot (Isaz
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Table 36: Apparent infection rates {r) of cassava mildew
(QEQiET_QQQ£DQEE§) in different cropping sys-

tems, Turrialba, Costa Rica (cited from MORENC,

1979)
Cropping systom Tnfection rate V) Maxirim severity, %
Cassava 0.066 17.65
Cassava/sweet potato 0.055 12.50
Cassava/maize 0.07 27.34
Cassava/beans 0.038 10.20
L Cassava/maize/beans 0.07 19,27

1) Units per day (r of Van der Plank (1963)

Intercropping cassava with maize significantly delays the onset of
the cassava scab (Spaceloma_sp.) epidemic. But, once the maize
plants reached maturity and were doubled-over, the epidemic spread
rapidly. There was less rust (959@Y§2§_TQD£DQEE§) on cassava culti-
vated in association with maize and common beans. Modification of
the microclimate by intercropping has an infiuence on the develop-
ment of Darluca SPP. parasitizing rust uredospores earlier and

more intensively.

No statistical differences in either the severity or incidence of
Cercospora leaf spots were found between different cropping systems.
This accords with findings from West Africa. Cassava die-back
'G;gmgggllg_giggglggg), on the other hand, always caused more los-

ses under low management, regardless of the cropping pattern (Figq.
37).

As for the diseases of crops associated with cassava, beans grow-
ing between rows of either cassava Oor sweet potato were not as
affected by I._griseola as beans grown as sole Crops or in crooping

patterns including maize. Common bean rust (U._phasecoli), on the
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other hand, was lowest in cropping patterns involving maize. Du-
ring the green nod stage of development, beans associe ad with

cassava and with sweet potato had the highest severity values.

Figure 37: 1ntensity of cassava dicback (Glamerella cingulata)
damage under low and high level of inputs in diffe-
rent cropping systems, Tuwrialba, Costa Rica, 1977
(MORENO, 1979).
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As for cow;' as, incidence of cowpea mosaic virus (MV) -nd cowpca
chlorotic virus (CCMV) was not affected by associating cowpeca with
maize or cassava. Infection was lowest, however, in intercrops with

plantain, due to the reduced activity of the vectors (Diabrotica

enta), intercropping with plantain, cassava and maize significantly



These examples denonstrate how intercropping influences the fre-
quency and severity of discases. This potential should be used

when developtng vropping systems for smallholdevs.

As the influence of Croppimg systems on epidemices  of discases
depends on too many variables, it cannot be oredicted., Thervefore,
experiments with ditffoeront Crob oassoctations have to be ecarried
out and appropriate cropping patterns have to - developed for

different ccological zones.

3.6.3 Effect of Intercropping on Nematodes

Plant parasitic nematodes are of i aor importance in traditional
cropping syscems because of the short duration of cultivation and
the Jong fallow period., As the length of the cultivation porind
ana the cropping intensity increase, however, large populations
can develop, causing considerable damage. One means of keeping the
population down is to rotate suscentible with resistant Crops.,

So far little information is available concerning the offect of
intercropping systems on nematode populations hut it can bo assumed
that the build=up of populations is prevented by suitable crop
assoctations {(soe Fig. 34). When designing mtercropping systoms,
care should be taken that no crops are associated which are qocd
hosts for the same nematode spectes. And, of course, when intercrop-
Ping is practised, a crop rotation ha to he practised - at least
amondg ridges - oscept perhaps in places where population density

of suitable hosts g very low.
The following list {Table 37) of suitable and poor hosts of some

mejor plant parasitic nematodes in cultivated soils should provide

guicance when intercropping systems aro planned.
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Table 37: Crop reaction to plant parasitic nematodes (CAVENESS (1967)
and 00D (1972), cited from AMOSU, 1977)
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J.u.4 Effect of Intercroning on the Crowth of Weads

Vield losses due to woeods are considerable in the tropics and can
ercecd A0 Ll Weed infoestation inere ses with time from clearance
onwards and after throo vears farmers are often forced to abandon
a field and c¢leer a new one, because the time necded for weeding

s greater than the time needed tor clearing forest or bLush.

The time spont on weeding s the orincipal limiting ractor as re-
Jards the size of o farm and thererore weed suporession is of ma-

JRr tmportance. In western Nigeria at least 50 . of a farmer's

working time is spent on weediong  (MOODY, 1975) and Lhe sltuation

vsosimtlar L other feglons. As the use of herbiceides Cannot b
recommended to smallholders for various reasons  (avarlabi iy,
tratning, ete,, see Chapter 1), an attempt has te boe made to S
presn o weed growth with adequate cultivation practices and crop-

PInG patterns. Farmers are quite aware that Intercropping reduces

tre time necded Yor weeding (see Uhaptoer Jd) .,

Most crop combinat tons suppnress weed arowth by providing an carly
ground cover, due to hiah plant ponulations or a fast Gruwing
componert crop, o.g. melon. BEven -hough vields of dominated crops
are often considerably reduced, this 1s still nere than weeds

would produce in the same place (EVANS, 1972).

In many intercropoing systems only one weeding is required to pro-
Biee optimun vields insteod of two or three in sole crops. Often
this weeding is combined with vlanting another intercrop, thus
further reducing the time required solely for weeding, A common
practree an Nigeria, ro- example, is Lo sow cowpea tnto established
sordhum, millot, or mairse during weeding about one month after the
woeeds nave emerged. Seod bed breparation and weeding are done at
Lhe same time and the Cmerniing cowpea competos cffoctively with
woe ts, makirg another woeding unnecessary, Similar methods aroe

common in most regions in West Africa.
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In Asia crop associations of maize and groundnut, mungbean, or
sweet potato are excellent for reducing weed growth, yvield losses
and weeding time, In maizo/sweot potato and maize/qgroundnut com-
binations weed growth was less than in sole cropped groundnut or
sweoet potato but higher than in sole maice (MCODY, 1977) (Table

18) .

Table 38: Eftect on wead arowth of variows
crops arawn alone or in associas
tions (BANPTIAN and HARWOOD, ci-
ted fran MDY, 1977)

Cropping systuom Woead wt
tka/ha)
Mai zo 1065
Mung boan 1172
Sweet: potato 1793
Groundnut 2354
Maize/munyg bean 617
Maize/sweet potato 1107
Maize/aroundnut 1362

Intercropping cassava with beans proved to be an efficient means
of reducin, weed growth ir Contral America (CILATS. Frequent weed-
ing of pure cossava was ne more of fictent in weed control than

Intercropping cassava with beans. At the carly growth stagqes the
intercropoing system without additronal tnputs wan o just o as effi-

cient ain reducing weed anfestation as oa ore-omergence horbietsde

N osole cassava. Fresh root weraght of cassava showed a spectac dlar
41 7% ncerease gt the no-input love l (Cero weed control) when cas-
sava was antercropped with beans instead of being sole cronned
(Fiq. 38). Oon the other hand, with intensive weed cont rol, diffe-
rences between vields from intorcropped and sole cronped cassava

wore small (LETHNER, 1979),
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Figure 38: The effect of different inputs on yield of sole amd
intercroppad cassava. Source: Cassava cultural prac-
vices program, CIAP 1978 (cited from LEIINER, 1979)
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The success of an intercropping system in suppressing weed growth
does, of course, depend on s0il fertg lity and climate as well,
Suppression is often highor with low fertility than with high fer-
tility (HART, 1975) and tho same is valid for low and hiigh rain-
fall.



The preceding paragraphs clearly show that intercropping can scrve
as an input in inteqrated plant protection, together with resistant
varicties. The use of this combination of control measures is il-
lustrated in Fig. 39. (The left side of the figure exemplifices
predator activity which fails to exert an ecconomic control of pest
numbe~s on a susceptible plant. The right side shows the same de-
gree of predator activity which exerts cconomic control of the

pest on a plant incorporating some measure of resistance. The re-

sistance alone is insuffici- at to provide control).

Figure 39: The influence of a low level of plant resistance
to pest attack on the effectiveness of natural
enomies. A, Suscoptible plant (log. pest multi-
plication rate : 2.29); B. Resistant plant (lexg.
pest multiplication rate @ 2,00); o, without pre-
dators; e, with prodators (VAN FMIEN and WEARING,

1965)
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Yet it also becomes evident that .ittle is known about the best
means of exploiting the inherent capacities of traditional crop-
ping systems. Hardly any rescarch has been done in this respect
in West Africa, except the work at the Institute of Agricultural

Rescarch and Training of the University of Ife (sce TAYLOR, 1977).
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It seems therefore to be important to intensify rescarch on this

aspect of intercropping.

3.7 Experimental Designs for Intercropping Systemns

The following matevial is taken mainly from the paper pub-
lished by MEAD and STERN (1980).

Experiments with intercropping systems are more complicated than
those with sole crops. This is true for the experimental design as
well as for the rinal statistical analysis, Probably, this has
been a major reason why many rescarchers have been hesitant Lo

start experiments with such croppling syvstems,

But olthough substantial experiment al programmes of intercropning
research have Leen initiated within the last decade, little
thought seems to have been aiven for the problems of desianing
vxperiments specifically to investigate intercropping. Most ro-
scarchers appear to have used very simple experimental designs
sumilar to those they have used previously for monocrop experi-
ments, The statistical understanding of experimental desiang and
the availability of comput ing facilities have, however, greatly
tmproved since monocropping research was at the staqge which inter-
vropping rescacsch has currently reached, and a much wider range

of experimental designs i1s therefore available to the rescarcher.

One reason why the range of experimental designs should be broader
Is that the 1nvolvement of two or more crowvs in an intercrop means
that the set of possible oxperimen-al treatments is far larger
than for a corresponding monocron experiment. This point can be
Pllustrated by an example of two sots of monocrop experiments, the
objective of the first being to choose the best spatial arrange-
ment. The selection of the best genotype may of course depend on
the spatial arrangement, so that it would be important to include

some experiments that investigate both factors at the same time.






4, the largz s: of many intercropping cxperiments, which
therefore reyaire efficient use of available space and

careful control of ecxperimental cerror; and

o

- problems of sampling within cxperimental plots, particu-
Larly in experiments examining the detailed growth patterns

of intercrops.

some of these aspects will be discussed on the following pagoes.

Figure 40: Variation of intimacy and spatial arrangement of
cach crop for a two crop mixture (MEAD and STERN,

1980)
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Until there is a better understandiag of the interactions ocenr-
ring between the different factorss in intercropming sttuations,
interpretation of the results obtained will be ditticult . For ox-
ample, at any one growth stage the exploitation of available (and
possibly Timiting) cnvivonmental rosources by the components an a
cropomixture will post decidedl; be at et od by the spatial rola-
tions between fthem, This may oo necessars Ty oalways he in the
same way, bhecause at o different stages of develonment oa particular
cnvironmental tactor may be more coitical for o one CUop component
moaomrsture than tor the others; turthermore, the time when a
part teular cnvironment al vesource bogins to he depleted may well
b brought torward or delayed, according to the plant population

at which the mixture has been est shlished,

When secondary varvables, such as time of plantaing, Tevel of crop
protection and sorl Yortility are considered, the situat ion is
very complex. Thus 10 1s not surprising that some bonefit from in-
tercropping can be claimed under one range of plant populations

in a particelar envaironmental situat ton (OSTRU and WILLEY, 1972) R
whereas thrs has not been the case in similar vEperiment s wilh
different plant populations olsewheroe (FISHER, 1977 a4, b).

This situation is Likely to continue unless sound crop physiologp-
cal explanations can be obtained from cach set of results, allow-
ing some inductive conclusions to be drawn. To achieve this, ox-
pertments oare needed which not oonly cotlect appiropriate data oon
the growth and levelooment of the various Crop component s, using
standard crop physiologieal methodology but which do 5o aver as
Wide aorange of plant populations as possible. Systematic spacina
designs are o possibility in this respect but data ovaluation may

be wore difficalt,

3.7.1 Effects of Plant Population and Spatial Arrangement

A change of plant population often involves a change of the spacial
arrangement too. The individual effects of these two factors have

seldom been distinguished because there has been insufficient iden-
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tification of the various relations involved and little develop-

ment of the experimental designs to examine them.

In sole crops, plant population can be defined as a nunber of
plarts ver unit arca, and spatial arrangement as the distribution
of plants over the ground. In intercroppinag, plant population has
to be defined both in terms of the total population (both crons
combined), and the component populations (cach crop individual ly);
the spatial arvangement has to incorporate the space allocation

of the two crops (the relative space anitially allocacted to cach

crop as detfined by the planting pattern)  (soo Paragraph 3.1),

[n many experiments the effects o conponent populat tons and
spatial arrangement have boen confounded, o.q. where dr fferent
component populat ions have been achieved by varying the number of
rows of cach cron at constant within-row spac g, This has beon
the case with many 'replacement sorioes! designs which have oxa-
mined different "proportions' of two crops at constant total po-
pulation. Apart from the disadvantage of fai ling to distinguish
between the ditferent factors, this avproach can severcly limit
the component population ¢ffoct that can be exanined because the
nopulation ot one crop omust decrease as the other rnercasos. This
disadvantage can be s artly overcome by examining a aiven replace-
ment sertes at different lovels ot total pobulation (WILLEY and
OSTRU, 1972) 0 A simpler and more sat tstfactory approach, however,
g been tricd at the Intornat tonal Crons Research Institute for
the Semi-Avid Tropies (ICRISAT) (WILLEY and RALY, 1981) to oxamine
4 rande ot popualations of oac crop in tactorial combinat ton with
A4orange of populations of the other, All vopulation combinations
Are examined at oo constant row arranagement. (or sories of row ar-
rangement ), achiceving the different populations by varying with-
Vhorow spacing, This altows the i.2ividual offects, or interac-
tions, of component | ovulations, total population and row arrange-

ment vo be estimated independently.,
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3.7.2 Use of Sole Crop Plots in lntercropping Lxperiments

Most of the intercrop cxperiments reported in the literature have
included a large proportion of sole crop plots, often up to 50 %

of the total exp ciment and sometimes oven more. The inclusion

of many sole crop plots is probably "arqely due to force of habit

and the extent to which sole crop plots should be included in an

experiment is perhaps one of the major questions to be considered

by a rescarch worker when designing his oxperiment.

In considering *his question it is neo 5ary to be very clear
about the aims of the “xperiment. 1t the primary aim is to assess
the benefits of growing mixed crops as compared with sole crops,
under a range of conditions, then it may be appropriate to have
as many sole crop as intercrap plots. If, however, the main ob-
jective is to discover how best to grow intercrops then the re-
gquirement for sole crop information is simply to provide a good
estimate of sole crop vields, to use in standardizing the inter-
crop vields (MEAD and WILLEY, 1980). The situation is analogous
to that of "control" treatments in solo crop experiments, where
the need 15 often nat to have a control which can be compared
statistically with the other experimental treatments (which are
known a4 priovi to diftfer from the control) . but rather 10 have
informat ion about the background level of vield i no treavcents
are applied. Ir intercropping experiments the need to have infor-
mation on sole crop vield, without the intention of making formal
statistical comparisons of sole crop and intercrop vields, gives
the rescarcher considerabloe flexibility in the size and position-
ing of the sole crop nlotg, For cxample, in some experiments it
may be useful to grow the sole crop in fewer larqer plots around

or alongside the cxperimental intercrop plots. This would provide

good estimates of sole crop o yvield for standardizing the intercrop
yield, whiie allowing the blocks within which -he intercrop treat-
ments to be compared are grown to be smaller and therefore more

homogencous.
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It is also worthwhile to examine which sole crop treatments are
required. For c¢xample, in a genotype and spacing trial it may be
sufficient to have sole crop nlots for only one or two genotynes

at the spacing recommended for sole crops.

3.7.3 Factorial Expcriments

The areca of experimental design which disvlays the areatest dis-
crepancy between statistical theory and experimental practice is
that of factorial treatment structure. The advantages of facto-
rial experiments have been a major component. of the statistical
theory of cxperimental design for over forty vears; they have been
presented as such in standard texts such as COCHRAN and COX (1957)
and were summarived concisely by COX (D.R.) (1958) whe said that
"factorial cxperiments have, compared with the one factor at a
time avproach, the advantage of qgiving qreater precision for eosti-
mating overall factor effects, of enabling the interactions bet-
ween different factors to be exploited, and of allowing the range
of validity of the conclusions to be extended by the insertion of

addivional factors'.

En contrast, most of the curront experimentation on intercropping
involves oxpoeriments with only a small number of treatments. Sole/
mixed cropping is not usually a true factor, in the accepted sense,
because cither sole crop yieluas are included to provide standardij-
zation of mixed cropping yicelds or, if the aim is to estimate the
intercropping advantage for different treatment combinations, then
Lhe yield variablos of interest are essentially ratios of mixed

to sole crop yields.

Several separate experiments are often carried out simultaneously,
differing only in the level of what could have been one factor
in a single experiment. The failure to use experiments with seve-
ral factors is obviously a major weakness, particularly at the
carly stages of an intercropping rescarch programme when it is
desirable to consider the effects of many different factors and

to obtain some idea of ti. importance of interactions.



Replacement series (sce Paragraph 3.7.1), for example which are
often used in experimentation on intercropping have nrecisely the
disadvantage that they force che experiment into a particular and
Himited framework. This type of experiments can be carried out
only in conventional randomized blocks with a limitoed number of
vlant populations, which is a considerable disadvantage because
both crop combinations and plant populations arve viriables bot-
ween which there is every rea on to expect a high order of inter-
action. This tyoe of experimentation does not allow the study of
the individual effects and interactions of the main factors de-
fining an intercropping situat ion, component populat ions (crop

A, B, oo N), total population and spatial arrangement.,

The following, relatively small example, provided by an ICRIEAT
experiment (NATARAJAN and WILLEY, 1980) is intended to help to
demonstrate the use of the factorial treatment structure. The
expertment involved two sorghum population densities (S] = 180,000
and S, = 120,000 plants/ha), three pigeon pea population densities

2
(P, = 40,000, I', = 60,000 and I’; = 120,000 plants/ha) and two row

1
proportions (A, - 2 sorghum to 1 pigeon vea and A, - 1 sorghum to

1 2
1 pigeon pea). Large plots wore needed for the collection of both
growth and yield data, and henece the A X S interaction was com-
pounded with blocks, giving six treatment combinat ions plus two
sole crop plots (8 = 180,000 plants/ha and P 40,600 plants/ha)
in cach block of 8 plots. Four blocks were used, comprising two
complete replicates of the twelve factorial combinations, and the
arrangement of one replicate (two blocks) is shown in Fig., 41. The
original plan for this cxperiment included three complete repli-
cates of a subset of the treatments shown in Fig. 41, which would
have reduced the efficiency of many of the major troatment compa-

risons by factore of 3/2 or oven 2.

There are two principle advantages of factorial oxperiments with
at least three factors. One is that the experimenter is able to
examine the oxtent to which the response to one factor is affected
by different levels of a second factor (interaction). In the sor—
ghum/pigeon pea experiment the vield response for the three pigeon
pea densities can be assessced for the two sorghum densities, and

also for the two row arrangements, wherecas neither of these inter-
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actions could have been asscssed from the original non-factorial
experiment because of its hidden repiication. In the sorghum/pi-
geon pea cxperiment the average comparison of two pigeon pca den-
sities is based on a total of 8 plots per density wherecas, with
the original non-factorial design, a compavison between two pi-
geon pea densities would have been based on only 6 plots (two

from ecach replicate).

Figure 41: One replicate of a 3x2x2 factorial ox-
periment with two sole crop treatments,
arranged in two blocks of 8 plots (MEAD
and STERN, 1980}

SiPA, S:PiA; S:PA, SiP3A;

S:PsA; S P SiP\A;
P SiPhA, SiPA; S2PA,

S;P2A; SiP;A, S:PiA; S

COCHRAN and COX (1957) is still the best reference book for help-
ing to select an appropriate design if no statistician is avail-
able for advice, though the designs have to be ~dapted slightly

if sole crop treatments are to be included. If there are only a
few sole crop treatments it may be sensible to include them 1
cach block, as in the sorghum/pigeon pca experiment. Tt is mpor-
tant to realize that in a factorial cxperiment with a lar e number

of combinations of different factor levels it is not necessary
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to have any replication in the sense of plots treated identically.
Indeed for a larvge number of factors it is perfectly possible to
draw sensible conclusions from an experviment having only a pro-
portion of alit the possible combinations of factor levels. Thoese
ideas (all of which appear in COCHRAN and COX) are vory we!l-os-
tablished and ave in no sense new or radical. The crucial point,

which secems not to have been widely appreciated by rescarchers

Ls that the usual practice of havinag 3, 3 or even more replicates
its only sensible 1f the nunber of treatment combinations is small.
To use three or more repiicates gs a reason for avoiding large

factorials as to misunderstand the purpose o' replication,

In sole crowping as well as n intercropping experiments gqroups
of plots which are likely to behave homogencousty are put together
in a block., Researchers have trvaditionally sought to use their
Knowledge about the avariable land by dividing it into homcgencous
blocks of cqual sice and by using randomized blocks or some other
design for which the analysis was straight forward. As computer
programmes ave now aval lable which can also analyze more compli-
cated designs, it is no longer so important that the number of
plocs per bleck should equal the number of treatments, or oven

that the number of plots should be the same an cach block.

Most intercropping experiments are conducted in the tropics,

using tand which has only recently been adapted for experimental
work and which may not therefore be as homogonceows as in the well-
established rvescarch institutes in temperate climates. Consequent-
Lv, it will often be difficult to pick out arcas of equal and
sufficient sice to serve as blocks in a randomized block oxperi-
mer.t. Recoynicing both the advantages of fored by improved rombu-
tiny facilities, and the constraints imposed by the available ox-
perimental land, MEAD and STERN (1980) suggest that while careful
identification orf groups of plots likely to be homogeneous should
be the cverriding consideraion in desianing an experiment, there
is now much less restriction on the sice and shape of the blocks

than has previously been assumed.
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Many existing experimeonts on intercropping which include two or
more factors use a split-plot design, but there aro relatively
few occasions when such a Jdesiagn s appropriate. The only good
reason for using split plots is that some Cre atment s (eog. tillage)
can only be applicd to larae plots whereas a larae plot is not
necessary or o desairable for o others. split plot designs may often

be uscd only o srmplrerty an allocating troatment s, or trom
habito Split nlot desrge s e gomet imes alse aavocated in prin-
Giple T interaction oftects are of primary interest, This reason
Lo often Sspecious, however, hocause the dain ain the nrecision of
the intoraction otfocts o wsual Iy s braht when compared with the
Toss in bl comparisons fnvolving tredtments applied to different
matn o olots, and algo because the oxame nat ion of Lhe overall pat-
tern of erfects s hindered by the splhit level of some of the com-

pravisons,

3.7.4 systematic Design

A specific arca of experimentatl design in which there has recently
been increased intoreost is the use of systematic designs in expori-

ments on the spatial arrascements of Pacercerops, The fundamental

Pdea of the systomatic design is that crop density (or spatial

arrangement) changes consistent by from row to row ace oss a plot
Inosuch aoway that cach density chanae 1 small (usual ly 15 % or
L), 1 f many densities oare used, a larae overall range can be
considered, Sinee cach row s osurrounded by othoers at nearly the
same density, the wsunal regquirencent for gquard or discard arcas
round cach plot can be avoided, This redoct ion in anard area makes
the systomat o destan potont tably important o Intercropping expe-
rimentation, where it will certainly be necessary to consider a
wide range of spacing treatments combined factorially with many
other factors. Thus systomatic spacing desians are especially use-

ful in the initial study of basic response pattorns.

Several different desiqns have been t ricd in the last vears. HUXLEY

and MAINGU (1978), for exanple, used a systematic ' fan! design in



maize/cowpea intercropping to examine the offects of total ponu=
lation at constant 50 : 50 proportions of the twoe crops by arran-

ging them in alternate radi. and stematically varving the bet-
] " g

ween-plant spacing along these radii. A more complex fan desian
was usad by WAHUA and MILLER (1978), who maint ained o constant
population o one cron {aovghan) whi le varyaing Che population of
the other (sova bean) (Fia. 400, Howover, o L tation of fan
desiagns is that harvest are s tusaal byoone are oroat best 2=3 ad-
jacent arcs) tend ta o be small oand thic could e oo particular orob-
lem in intoerceropping oxveriments where the vield of cach component

Lo estimated from only o part of this harvest arcd.

Figure 42: WAHUA's and MIIIER's tan desion, madified from
NETDER  (cited from MEAD and STERN, 1980)

{ e o o Sporghum
o—e—e  Sorghum border plants

---------- Soya beans
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MEAD and STERN {1980) aive an example of a row modification of the
fan design which might be or considerable potential in intercrop-
ping experiments, Thrs desiogn makes it possible to vary the densi-
tics of the two component crops andenendent v, as shown in Fig.
43, Tt has been used at Reading to investigatoe Intercropping car=-
rots and onions. However, 1t hos the same disadvantage of small

harvest areas.,

Ina chickpea/safrbower cxperinent descoribed by WILLEY and RAO
(1981), this Pimitation was overcome by using o varallel row Je-
stan oo wineh row Tongth can be adjustod to give any required har-
vost o areas This arranaement is more casily laftd out than tan do-
st and will wsually give more ¢fficieont use of an experimental
arca beeanse Lhe cxperimental units Fit fooaet b more convenient Ly
the parallel rows are also more closely related to normal cropping

practice (Fig, 44y,

Figqure 43: 'fwo-way systomatic spacing desion for two crops
(x and o) with densitieos varying in the porpen-
dicular diroction (MEAD and STERN, 1980)
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Figure 44: Layout of two replicates showing chickpea and
row-arrangement strips, position of sole plots,
and direction of systamatic chunge in saf flower
population (WELLLY and RO, 1981)
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To demonstrate the greater cfficiency of land use (in terms of bar-
vested area) by systematic designs,two alternative designs are il-
lustrated for investigating the effects of changing the deasity of
one component crop. Fig. 45 (a) stows a v ndomized design with four
densities and Fig. 45 (b) a systematic design with twelve densities.
The harvested arca indicated for cach design is based on typical
intereropping plot dimensions of 9 metres with 45 em row widths,
and the greater land use efficiency of the systematic design is

clearly apparent.

When using systematic designs, it is important to check that the
experiment is viable in terms of comparing the main plot treatments.
Main plots within which a spatial factor is varied systematically
will be larger than typical plots in a conventional randomized block
design, usually about four times as large (as indicated in Fiag. 45).
Any trend acrosa a systematic plot will bias the estimation of the
response cu v for that plot, thereby making the curves for diffe-
rent replicates less consistent, so it is particularly important to

avoid such trends. Variration between main plots is "error variation®



in the usual randomized experiment scnse, and within block homo-
geneity is desirable exactly as it would be for the rather laraqge

number of smaller plots in a fully randomized experiment.

Fiqure 45:  Comparison of harvested arcas for randonized
and systematic designs (MEAD quxd STERN, 1980)
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While there is no doubt that systematic designs have an important
place in intercropping vescarch, 1t is important to realize that

they raise new problems which must be considered in the context of
the complete oxporiment . Typreal ly, systematic variation of a spa-
tial factor wili bhe only one component of an cxperiment which also
includes other treatoent factors (nuatrient o, denotypes) appliced te

whole syatematic plots, The experiment thus rescmbles a split-plot

design with spatial treatments as systemat ic split-plot treatments
while the other treatments are randomized and replicated on the

main plots in the usual way,
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Regarding the analysis of systematic designs it must obviously be
recognized that the data have different propertics than for ran-
domized designs. The conventional analysis of varitance for split-
plot designs is inappropriate for examining the ditfferences bot-
ween yields for different spacings because of the lack of randomi-
cation, and also because the null hypothesis of no vield variation
over ditterent spacings s ousually of no interest since it is cloar-
Ly untrue. In casces where the dominant source of orror variation

oo plant varrabiiity an ordinary split-plot analyvsis of variance
may have some value as g preliminary indicator of patterns of va-

rration,

The use of o wide range of densitios or spatial arrangements tmolies
an interest oin the response of yvield to quantitative spacing fac-

tors, and the analysirs of data from a systematre desiagn should

usually start by cxamining the relationship of yield to density

(or other spatial tactor). This should first be done graphically,
followed by fitting a response ranction of yield en the Tactor that
varies an o cach systematie plot, Subsogquent analysts will involve
compatrtson of the response curves for the difterent main plot treat-
mentsoin what is essontirally an analvsis of vartation of rosponse
curves. The replication of the other factors provides intormat 1on
on the consistency of the response curves for a particular main
ploc treatment in the same way that replication in a standard de-

sign provides the standard errors of treatment means.

184



4. SOCIO-ECONOMIC ASPECTS OF INTERCROPPING

In the previous chapter the impression may have been given that
farmers in the tropics practice intercronping mainly because of
higher production per unit arca. There are, however, many i tua-
tions where intercropping is advantageous for the farmer even if
the land cquivalent ratior (LER) does not oxcecd unit. Farmers have
various reasons for practising intercropping. Higher viceld is on-
ly one of the main reasons, bocause farmers are generally more

interested in stable than in maximum vields. It should also be re-

membered that due to small ficld sives and low vield levels yvield
increments of 20 4 or even 30 % are relatively small in absolute

terms.,

For the farmer who often has to re Iy on hired labour, at least for
the peak secasons, the net return per man-hour is more important
than the return per unit arca. This means that improvement of crop-
ping systems has to aim primarily at increasing labour productivi-
ty. An example from Ghana {(BRUCE, 1930) helps to explain this. The
improved practice for growing maize recommended by the Grains and
Legumes Development Board Yor the Northern Region leads to vield
inerements of 00 ¢ over farmers' practices (1.8 t against 0,45
t/ha). The net return per man=day 1s ;. however, reduced from 48 to
47 Cedis because of increased labour tnput . Thus it is not surpri-
sing that farmers do not accept the recommendations in spite of
high vields but utill profor their traditional practice which not
only gives a nearly cgqural return to the invested lLabour but ovor-

all requires much less labour (28 against 193 hours) (Table 39).
i

Therefore, when trying to tmprove cropping systems, oxisting tra-
divonal systems and the motivations of the farmers have to be stu-
died first. NORMAN (1974, 1977), who stulied traditional cropoing
systems in northern Nigeria, came to the conclusion that farmers

behave absolutely rationally when practising intercronping,

In the following varaaraph reasons given by farmers for intercrop-

ping are presented and discussed in brief.
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Table 39: Estimates of returns to labour for traditional
and recommended maize practices - Tamale, north-
ern Chana  (BRUCE, 1980)

Traditional Reconmendod

practice vractice
Yicld {ton/ha) 0.45 1.8
Gross revenue {$°/ha) 1,350 5,400
Cost of fertilizer (¢/ha) - 400
Gross  incone 1,350 5,000
Qost of capital on purchased _ 200
inputs (¢/ha)
Roturng to tabour and Land 1,350 4,800
Cost of land rental (¢/ha) - -
Returns to labour (¢/ha) 1,350 4,800
Total labour nputs (MD's/ha) 28 103
Retwns to Iabour (¢/MD) 48 47

4.1 Farmers' Motivations for ILntercropping

In the past, most extension programwmes started introducing new
cropping systems without really knowing what they were trying to
replace. Only when it became obvious that farmers were veluctant

to accept innovations and adhered to their traditional systems, did
rescarchers start to study farmers' motivations for oracticing cer-
tain cropping systems. One of the first was NORMAN (1971, 1974,
1976) who as carly as in the late 1960's began to study cropping
systems in the Zarra and Sokoto regions of northeorn Nigeria. on the
whole and taking into account local variations in physical, techno-
logical and socio-cconmic conditions, his findinas proved to be
valid for all of West Africa. Farmers have various reasons for
practicing intercropping (Table 40) and, as he was able to prove
Later (NORMAN, 1977) they are acting absolutely rational when con-
tinuing thewr traditional cropping systems (sce Paragraph 4.2 and

4.3).
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Table 40: Reasons given by famers in northern Nigeria
(Sokoto) for the vractice of growing crops
in mixtures (NORMAN, 1976)

Perecent age of inswors

Reasons given by famers . .
Qs ¥ i Primuwy reasons  Secondary reasons

1. Tradition 32,20 21,21

2. ligher output 28.82 27.27

3. sShortage of lard 15.25 24.24

: More of ficio se of

1. 11('\1( {‘1‘1( ient use of 10.17 9.09
Tabour

b. More cvrtain ot yvield 1.69 9.09

. LIS ay - SIOLE

3 i-, t way to ,(”,Uw Crops 6.79 3.03
15 I mixtures

7. Other reasons 5.08 6.06

Since the survey villages lie in the close-settled zone around So-

Koto, s land is a major reason given by farmers. In this

age of
respect, however, the results are hardly representative of West
Africa in general where extonded areas of similar population don-
Sity are still confined to limited parts of the reqgion. This is
the case, tor cxample, in parts of south-castern Nigeria whore far-
mers even gave land shortage as t he primary reason for intercrop-
ping (LAGEMANN, 1977).

Wheros o NORMAN'S survey the ]_Elrgg)nu_‘x'_:_:_n}{ii_v"'i_;ls‘poc_t_ of intercron-

ping (Paragraph 4.2} ranks rather low among the reasons given by
farmers, this aspect ranks first in surveys conducted several years
Later in other rogions which were probably influenced by migration

to urban arv as {(Table 41).

These findings accord with the results obtained by the author
(STELNEP? and TSCHIERSCH, unpublished) in the Ihadan region of south-
west Nigeria, the Tawal region of northern Ghana, the Bouakd re-
qron of Ivory Coast and the Mossi Plateau of Upper Volta, Only in
the closely populated highlands of Cameroon which are characterized
by an absolute shortage of land, rfarmers interviewed by the author
gave land shortage as a primary recason.
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Table 41: Reasons given by famers for growing crops
in mixcures (OLUROSL, 1976)

Reasons given by fammers NMumboer lgtq; ngnb:r Percgnt of
interviowed total
1. More efficient use of .
labowr, time & encrgy 1 21 8
C z ot [3 P
2. MOLL ouLpuL( xu:urn and 14 21 67
food per unit area
3. MQrc certain of some 8 21 38
yvield
4, Tradition 6 21 29
5. Best way to make use of
fertile land throughcut 5 21 24
the year
6. Beneficial cffect of one
crop on the other, e.q. 3 21 14
protection

Although agro-ceological conditions differ widely between thesce
regions, a remarkably high proportion of farmers interviewed in
cach of the first four regions gave lack of labour as the main rea-
son for irtercropping. Even in the rare cases where land shortace
was mentioned as a reason the real constraint was not land avail-
ability as such but the labour available during the veak periols
of farming activities which determines the amount of land a farmer
can cultivate, Given the constraints imposed by the timited supply
of family or hired labour to overcome labour bottlenccks, farmers
consider intercropping a practice cnabling them to obtain higher

returns both per unit of land and per unit of labour.

Soil preparation including land clearing and weeding are the two
labour pcaks in traditional agriculture, followed by harvesting.
So the farmers try to make as ¢fficiont usc as possible of the
limjited area of land they can clear, especially in forest areas.
They consider it a waste of fand to nlant only one crown which,
morcover, occupies the lund only for a limited period. The same is
true for weeding, the main labour bottleneck in persanent and semi-

permanent agriculture. Farmers think 1t a waste of time to weed a
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field for one crop only. Furthermore, they know that they can keep
weeds more cffectively down by intercropping (sec Prragraph 3.5) .,
The time necded for weeding should be further roducod by planting
Crops in rows and mixing cither within or botweoen rows. But farmers
are reluctant to spond too much time on planting since this acti-
vity depends very much on the rainfall pattern. They prefer, there-
fore, Lo devote more time to wooding as this does not have to be
done within a specific time. As most farmers ongage hired labour
for lLand clearing and weeding, a typical reason given for ister-
cropping is that they do not have the means to hire more labour.
ALl the farmers interviewed by the author were avare of the fact
that the yiclds of individual crops were depressed by intercron-
pina, and they maintained that they would plant sole crops if they
had more land and more labour available.

Diversitied food supply (see Paragraph 4.4) throughout the yoear

Lsoanother important reason, at least in the humid tropics. Theo-
retically, this would also be achicved by sole cropping on small
plot o, But, again, becavse of land and/or land shortage, farmers

would not clear land espo

‘tally for sccondary crops. Land clearing
Psomen’s owork and often men plant "their" own Crops, as yam in the
vam bolt, on the newly cleared fieids. Women can only interplant
"their" crops in the men's fiolds (see Paragraph 4.2). The conti-
nuous fool supply is main'!y obtained by stagaered planting., This
has the advantage for the farmer that the land has to be prepared
only once and that in several cases he can combinoe weoeding and

planting (sec Appendix, Table A 12).

The motive of i

kK _insurance (Paragraph 4.3), i.e. stable vields,
is rarely mentioned by farmers oven though it is commonly referrod
to in the literature on traditional cropring systems. I+t is cor-
tainiy of minor :importance in the humid tropics and the tropical
highlands. Here the risk of drought or inscct calamitics is low
and the farmer intervieweod by the author never mentioned this mo-
tive, oven when ashed directly, on the other hand, intercropping

Is more pronounced (nunber of species, multi-storey cropping) in
these arcas than in savanna areas with unpredictable rainfall. Risk
insurance is undoubtedly a motive in the Morthern Guinea and Sudan

Savanna vhere farmers can cultivate only one crop per year. And
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here it was also cited as a reason in the author's interviews. Risk
in this context is almost entirely the natural rigk (crop failure)
and rarely the cconomic risk (coilapse of pricoes) (sce Paragraph
4.3). Thouyh risk insurance is certainly a clear advantage of in-
tercropping, it does not scem to be a primary concern in the far-

mers' considerationg.

Tradition i35 a reason frequently given by farmers but is hardly

a primary motive. It is assumed by the author that tradition
("i:arned from my father"; "it was always done in this way") is
mainly ciced as a reason by those farmers who cannot express them-
selves well enough to fdentify the more fundamental reasons behind
their attitude towards intercrovning., "rradition” was often indi-
cated as a reason by voung farmors. This is certainly o consequence
of the process of rapid social change in rural areas, whereby much
of the old knowledae is lost. Younger veople often merely continue

with certain practices without knowing the original purposc,

Tradition by i:self, however, i

certainly not a reason for farmers
to continue such practices. This is oftoen believed by extension
workers who complain that farmers are too traditional to respond
to innovations. It must be assumed that in these cases the rarmers
are convinced tnat their own practices are more rational under the

prevailing conditions.
[n the following paragraphs farmers' metivations will be analyzed

in more detail to examine the economic rationality of intercron-

ping.

4.2 Maximising Returns to the Most Limiting Factor

As mentioned above, farmors frequently face labour and, to a lesser
degree, land problems. The fact that the system of intercropping

hus evolvad under conditions where labour rather than land has been
the main constraint to farming clearly indicates that intercronping
is consistent with a strategy which aims at maximising returns from

labour as the most limiting factor. Even where farmers cite land
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shortage as the main veason for intercropping, it is not always
land availability as such but rather the Labour nceded to culti-
vate more land which is the real constraint. Thore are, however,
situations where, due to high population pressure, access to farm=-
land is extremely limited and in Lhese cases farmers aim at maxi-

mising returns per land unit. (Sco Paragraph 2.2).

4.2.1 Returns to Land

The more officient use of land by intercropping has been analyzed
already in Paragraph 3.1. This is the case when the land ecquiva-
lent ratio (LER) exceeds 1 (LER > ). Farmers respond to land
shortage with an intensification of cropping systems which, at
least in arcas with periodic rainfall and rainfed agriculture,
means intercroppi: . Intercropping implies savings in iand since
farms can be smaller than those needed for sole cropping. In a
study of land usc systems in the Southern Guinea Savanna of Nige-
ria it was found (DIEHL, 1981) that the Arca Equivalent Ratio (AER)
was lowest in the stratum with the most pressing land availability
problems. Here the \ER had a valuc of 0.86 which means that with
intercropping 14 % less land was necded chan when the same crops
were grown in pure stands. Thus the 'and usc intensity of cropping
patterns reflects the land availability situation and it demon-
strates that farmers react to land shortage by simply planting more
crops in their fields, therveby increasing the complexity of their
cropping patterns., While in the cited study the planting density of
individual creps did not change with increasing land shortage, this
does often occur, as reported from south-castern Nigeria (LAGEMANN,

1977) and southern Cameroon {IRAT, 1977) (sce Faragraph 2.3).

In the humid tropics and the trepical highlands intensification is
often obtained by multi-storey cropping. In densel s pcpulated arcas
the income from trees can excoed Lhe income obtained from arable
crops (LAGEMANN, 1077; AY, 1960). Further intensification is achie-
ved by extending the compound farms (characterized by the use of
manure and a high species diversity). In extreme cascs, where the

average farm size is below 0.4 ha, as in parts of south-castern
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Nigeria, the entire farm is a compound farm with a large number

of different plant species (LAGEMANN, 1977) (soo Paragraph 2.).

The more efficient usce of land can be expressed by the gross and
net returns on intercrops compared to sole crops. When studying
cropping systems in the semi-arid parts of northern Nigeria, NOR-
MAN (1977) found ‘hat the average gross roturn per acre was 62 &
higher from crop mixtures than from solce crops. The gross return
per acre increascd with the number of crops and was highest for

a four-crop mixtuc> (Table 42).

Table 42: Average gross and net returns fram sole crops
and crop mixtures (in shillinas) (NORM'N,1977)

Crop mixtures

Variable Sole Two Three Four All

. Overall
Crops crops crops crops mixtures

Gross return per acre 153.6 240.6 229.8 340.9 248.3 228.5

+22 +19 + 30 +80 16 3
Net return per acre B - ’ ) i
Labour:
Not costed 148.9 235.7 220.3 322.9 240.8 221.6
Hired costed 135.2 213.6 199.1 297.4 218.6 200.2
June-Jduly costed 133.7 204.7 189.0 276.8 208.2 190.2
All costed 74.1 115.5 105, 3 184. 6 119.8 110.1

Note: June-July is a bottlzneck period when land preparation, planting
and weeding are taking place simultancously.

Net return per acre increased at nearly the same rate. Protitabili-
ty was Jeuc.ally 60 % higher for crop mixtures than for sole crops.
The net return per acre increased with the number of crops in the
mixtures. NORMAN came to the conclusjon that growing crops in mix-
trres is consistont with the goal of income maximization. This was
subsequent ly supportca by ABALU and D'STLVA (1980). The findings

of MNORMAN and ABALU and D'STLVA are supported by experimental re-

sults of BAKER (1980) who tested different groundnut-based crop
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associations in the Sudan Savanna of Niaegia. N ono case was
there any significant reduction in returns due to intercropping

but many cxamples of considerable gains,

Stmilar results were obt ained by an analysis of maive/bean iater-

crops o Latin Amorvica (FRAMCLS and SANDBRS, 1978) . Production

costys ol matese/ boean intwnvru;u; wore lower than ror sole Crops

whitle net incomes were higher and the standard deviation in income

wan lower, Thus "it o ot surprisaing that farmers have chosen to

matntain this traditionagl Systen under a range of conditions".

Unfortunatel =, no comparable data are asailable for cropping sys-

tems of the humid tropics.

turns to Labour

That intercropping is practiced because of labour shurtage sooms

to be contradictory. It is still often believed that there is un-
der-caup.oyment in rural arcas and that labour-intensive cropping
systoms are needod to provide mope cmployment Intercropping s
often recomnended as oan appropriate selution in this respect, While
this may bhe true for tand scarce, overpopulated farming arcas in
tropreal Acia it does not apply to most of tropreal Africa whore

A

Nronie t

there s generat sy s Sacibae of Iabomr an orural areas
whivh, vue to the seasonal nature of farming, 18 part icularly acute

ritngcertaia peak periods of labour demand.

While 1o most cases intereropping increases labour input per unit
area, it oreduces the overall labour ineut per holding as the neces-

sary output is obtained from a smaller area. This means that less

g

Labour is required for land clearance, soil preparation and weeding.,

Im his study of the Zaria redgion NORMAN (1973) found that Crow mix-
tures reauire on averaae 62 more labour per acre than sole crops.

But during the June-July labour bottlencer (with 50 ° of the total

labovr demand) this jg reduced to 29 U (Table 43). That means that
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intercropping leads to a more cven distribution of labour demand
throughout the secason and prevents the build-up of labour peaks.
Thus intercropping serves the farmers' management objectiv. s of
achieving an  ceven distribution of labour requirements throughout
the year (RUTHENBERG, 1970).

Table 43: Labour inputs and net retwms of sole and mixed crops

Datas from three villages in the Zaria region, northern
Nigeria {(NORMAN, 1973)

(= T T T T T T aerowr T TR T et
ke input por acre
w I Nunber of crops peracre Labour MO% llm’s )]
in mixture ) June Aour A Jun /July
84 Annual Tuly ot labour  labour
—~ U msted ansted costad
S [ e e i e+ e e e
Avoradge sole crop {(a) 146.6 49.5 20.8 10.4 18,7
e Two-crop mixture (b) 235.6 60.7 33.0 16.2 28.7
3.1 Three crop misture (c) 225.3 61,1 30.8 11,7 26.5
- Four crop mixtwe (d) 271 90. 3 45,2 25.8 38.8
Average-mi sl 237.3 63.9 33.7 6.8 201

(a) includes sorghum, groundnut and cotton,

(b) includes millet/sorghun, sorghun/groundnuts and cot ton/cowpeas.,

(c) includes willet/sorghun/growdnuts, millet/sorghay amvas ard
cotton/ s/ swect potatoes, -

(d) inclules millet/sorghun/groundnut s/com vas.

When studying yam-based cropping systems in the Southern Guinea
Savanna of Nigeria DIEHL (1981) was able to show that farmers
spread their labour requirements by practicing different mixed

crop enterprisos (Wia, d46) .

The relatively balanced character of the labour profite in Fiqure
16 demonstrates very impressively the complementarity -7 the three
mixed crop enterprises, particularly with respect to the sotl ore-
paration and harvesting activities. "A closcer look at these harves-
ting acrvivities reveals how skillfully farmers have stagqgered the
planting of different crops. In tne weeks 21 ana 22 96 4 of the

harvesting hours are devoted to cowpea. In the fcllowing two weeks
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cowpeas then again occupy 53 % followed by yam with 39 % of the
harvesting labour. The sequence is then continued with groundnuts
and yam for which the major harvesting period starts in September/

October" (DIEHL, 1981),

Fiqure 46: Average labour invut over time por activity
and enterprise in Osara village of the South-
cern Guinea Savanna, 1977/78 (adapted from
DIEHL, 1981)
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When new cropping systems, ecspecially semi-mechanized ones, are
introduced, the labour-saving aspect of intercropp’ g and its
cqualizing effect on labour requirements throughouc the year are
orten ignored. This leads to high Tabour peaks ana farmers often
cannot clear the weeds or harvest within he required time, This
is illustrated by an exomple from the contral Ivory Coast (South-
ern Guinea Savanna) were semi-motorized block field. wore intro-

duced by a development agency (Fig., 47).
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Pigure 47: Labour profile of AVB scmi-motorized block fields
and traditional fields in the contral region of
tho lvory Coast (from BIQOT, 1980)
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e——e Traditiona) holdings 75 ares aclive member
200 days‘year/active member
o——o  Holdings with block tields 120 ares. active member

216 days:year‘active member

While NORMAN (1974) observed an increascd labour Lnout per unit
arca in northern Nigeriea (sce above), DIEHL (1981) was unable to
find significant differences in labour inputs botween sole crons
and crop mixtures with d1fforent nunbors of crops an southern Ni-
geria.s This was observed not only for total lLabour Lnput but also
for single activities and cven for highily crop=specifie activities
such as planting or harvest {nda, "Although this result is surprising,
it can be exnplained by the fact that soveral crops are planted si-

nultancously.” Either sceds are mixed before planting, ~.y. maize/
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cowpea or millet/cowpea, or are placed in the same pocket. "There-
fore, planting two crups does not mean twice the labour input re-

quired to plant one crop." (DIEHL, 1981) .

When comparing revurns 1. labour in Jdifferent cropping systems,
SORMAN 1974) tound that the average retutrn per man-hour is 15 %
I oywer foe Crop o mixtures, but that the net return is 25 ¢ higher

daring t he peak demand in June-Jdu V.

Thus 1t can be conelude d that, in general, labour is used more

efficiently in intercropping than in sole cropping systems.

Aot Rk Minimize

As pointed out above, farmers are more interested in stable (sus-
tained) than in maximum vields. In Paragraph 3.2.4 it was shown
that intercropping increases vield stability, This asnoect gains
In importance as the rainfall becomes more unpredictable and the
risk of insect calamitieos increasces. Im India, for example, inter-
Croppina is predominant in low ratnfall/high risk arcas (JODHA,

19706) .

In West Africa rainfall predictabilit Y o1s not directly related to
the total amount of vainfall. Thus i n the Seuthern Guinea Savanna
(the yam belt) rainfail is more anpredictable than in the Northern

Gainea and sudan Savanna and crop loss due to late onset of rains

or drought poriods are common (Fig. 48, Table 4i) .

Lo the village stuedy of DIEHL (1981) in the southern Guinca Savanna
of NMiageria, only one of 34 reported crop failures was caused by
pestsoand two by attack of Striga, while the majority of 26 was due
to lack of rain, Whit Tarmers can adapt planting dates to the on-
set of the rains, dry periclds - cabecially within the first four
Weeks aftor planting -~ are a qreat risk for moot crops. This risk
can be reduced only by mixing crops with difforent drought rosis-

tances, hug cowpea, yam, melon and bennisced are classifiod b
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farmers in southern Nigeria (DIEHL, 1981) as the most risky crops
while maize and groundnut ave less often reported to have failed

because of lack of rain.

A typical example of a stable crop mixture is the maize/sorghunm
tntercrop in the Northern Guinea Savanna while in the Sudan Savan-

na sovghum/millot intercrops are used to reduce the risk.

Figure 48: Probability of the appoarance of a 12 day periad
with less than 20 nmorainfall in the Southemn
Guinea savanna of the Tvory Coast (basod on stue
dies of G, 1973) (oo, 1977)
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LOFT (1980) makes a distinction in this regpect between "mixed
cropping"” and "contingency mixina”. In the first case, where the
weather is fairly stalle farmers expect to harvest all crops of the
mixture, while in the second case with extremely erratic and unpre-
dictable rainfall farmers want to be sure of just one sianificant

harvest, An e

cample for o the latter case is the o Heiation of maize
and sorghum in the Sudan Saveana (Upper Ynlta) where maize fails

completely in many years,
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Table 44: Rainfall distribatic
in the Scutlern Cuinea Sa

th2 rain crows in the vears 1967-1974
vory Coasc (from BIQUT, 1977)

arel

r
Lonl|

—~ - — ~ - Means
1969 2 19 1 |
_1_967 B 969 1970 1971 197 973 974 1973-74
Rainfall
March-April (mm) 258 108 213 126 151 258 130 247 238
May-Juny: () 213 303 65 150 419 265 233 147 293
Julv-August  (mm) 135 363 173 128 132 74 217 268 204
September (mm) 215 167 i06 208 284 12 222 205 213
Q~tober (mm) 24 1497 195 10 116 89 76 158 138
Mean vields (ka/ha) 1
Yam nea. CoTol2700 1103300 18925 12.860  5.740 12.480 13.700 -
Maize 997  2.340 0 1.897 2,445 2.330  2.270  2.196 -
Zotten 301 924 932 270 863 £30 597 704 -
Unland rice 37 1.796 0 1.745  i.031 428 n.a.l) 2,020 -

661

1) n.a. = not available.




There are, however, also examples where drought sensitive crops
are mixed, e¢.g. the maize/rice relay crop in the Southern Guinea
g Y !

Savanna of the Ivory Coast where both crops may fail in the same

year.

When evaluating data collected by NORMAN, ABALU (1977) surmiscs
that at least in the Northern Guinea and Sudan Savanna farmers use
crop mixtures as a "diversification strateay as a precaution
agqainst biological and economic occurrences. As there is a mavked
seascnal distribution of rainfall in the region, the diversifica-
tion strateqgy has tended to be parsued throuah intercropping rather

than through sequential or relay cropping.”

beonomic vccurrences (risks) in this contest moean primarily that
no surnluses are obtained for Rarketing to provide the necessary
cash incore. Peonomic rishks due to a collapse of prices are of
least dmportance in the mind of farmers. This is cxplained in part
by the proedominant cubsistence orientation but also by the small

transparency of atrksts to Yarmers, who can be auided only by the

prices achiceved in thoe las

markets (DISHL, 1981) .

s few years on their respective village

Another aspect of intercropping is the fact that a great proportion
of (sometimes hired) labour input is beneficial for a number of
crops simultancously and is therefore less likely to have been

fruitless.

There arve different methods for comparing the stabilicy of inter-
crops with that of scle crops (see Paragraph 3.2.4). Once approach
suggested by RA0 anl WILLEY (1980) is to consider the probability
of cropping systems giving a lower rotern than some spoecified
“disasteor” lovel ot ancowme. By using this approach BAKER (1980)

clearly showed the advantane of mixtures over sole crops. In Pug,

49 the probabiiity curves are shown Jor returns from mistures and
sole crops, colecting the tevel of the median rebarn from sole
crops, that 1o the return cxpected Srom sole crops 0 of the time.

In o case did o sasture show a higher probability of a return

below the sole ¢rop mean, and in the Zorthern Guinea savanna nix-~

tures showed a much reduced risk of falling below that level.
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Thus, in the sense that probability of failure is less, mixtures
in these trials must be considered more staLle than sole crop

groundnuts,

Fiqure 49: Probability {4} of oxaeeding the sole crop
median retwn (BARER, 1980)

Sudan zone Northern Guinea Savannah Southern Guinea Savannah

Cash value (Naira)

LT"“]’ T
20 40 6020 a0 6020 40 60
Probability (")

Sole groundnut — — - Gryundnul/maize millet
—---—Groundnut’millet'sorghum - = = = Groundnul'maize’sorghum
""""""" Groundnut/maize Groundnut maize. mutlel/sorghum

Sitailar results were obtained by an economic analysis of maise/bean
intorerops, the most common crop association in Latin America (FRAN-
IS and SANDERS, 1978). At all orice ratios between maize and beans
(1:1 - 1:8) the probability of achieving a positive net income was
Pigher Cor the crop mixture than for orther saole crow (Fig. 50).

At the average vield Tevel of Latin Americs o maaize/bean intercrop
grves a higher net income and the standard Jdeviation in income is
lower than for sole crops. This resalt s especially intoresting,
because small farmers are not in a position to adjust the Crop

ratio in their mixtares to the curreont market situation.
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Figure 50: Probability of net incaues at two levels in three
cropping systems at several boon/maize price ra-
tiog. Bach point represents the probability of
recciving at least a not incone of zero (.‘\'B 0
XM,O) or of CP $ 10.000 ()\”Im ‘\M,IO)

(FYANCIS and SANDERS, 1978)
1.0
Xy
Xem.0
i Xa.10
Xem.10
0.8 A f
/ o
XM.O
0.6
z N
8
8 04-
E\
a
1 e—a Sole beans (8,)
©—=o Maize/bean intercrop (BM)
0.2+ / 09 Sole maize (M,)
O- g xM 10
O,OJ"M T T T T T T
1 2 3 4 9 b 7 8
Price ratio (bean/maize)




A further strategy employed by farmers to assurce at least some in-
come is a mixture of food crops and cash crops. While in the humid
tropics cash crops are mainly permanent crops such as coffee and
cocoa, in semi-arid tropics cash crops are cotton, groundnuts, and
recently also maize. Even though the price level for casa crops

is usually low, farmers recognize the advantace of a guaranteed

Jash income.

4.4 Continuous and Diversified Food Supunly

One reason for intercropping cited by the amajority of farmers is

1 diversified and continucus food supply over a prolonged period
{sce Paragraph 4.2). This is an important aspect, at least for

the humid tropics, bocavse storage of harvesced products is diffi-
cult in the tropies and post-harvest losses are high (RUTHENBERG,
1978). In the humid tropies with a long growing scason (> 9 months)
crops can be olanted and harvested nearly all the yvear round and

harvestod plants are often replaced immediatol.

Generally speaking diversification is highest on the cormpound farms
toee Fararaph 203) wherve quite a number of vegetables and spices
are grown <o that they scem more like a qarden than a field. Ther :
are o many regions, howover, whoere compound farms do not exist and
where minor crops arce also cultivated in the fields {bush farms).
The importance of this practice is somecimes Lanared when intonsi-
Tleation programmes are iatroduced to increase food production.
This was observed, for example, in the central rodion of the Ivory
Coast where a development agency had introaduced Block fields for
yam, matse, rice and cofton. Even though the vields of VA wore
Ligher on the block frelds, farmers con inued to cultivate their
traditional vam fieclds where vam was mixed with some cassava aid
different vogetablios and spises. When asked for the reason, the
Farmers replied, that they needed all the diverse Crops. gince
they «did not consider it worthwhile to clear a field cespecialle £or
these crops, the only alternative was to clear a fiold for vam and
interplant the yar with the othor crons. The block fields were

often nealected in favour of these traditional ficlds.
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Intercropping also helps to bridge the time between planting and
the new harvest, the "hungry scason". Early-maturing crops are
often planted at a low density and interplanted with a long=cyele
crop. Or, as in the central Ivory Coast, farmers interplant yam
with some cassava as a so-called "culture de soudure”., This cassa-
va, which is interpianted in the sccond vear with maive and rice,

is harvested only when there is an actual shortage ot fooi.

4.5 Sexuol Division of Labour

As already mentioned i1n Paragraph 2.4.2, rne reason for intercrop~
ping is the division of labour between sexes. While heavy work
such as land cleavance is always done by men, responsibility tor
the difterent farming operations and diverse crops depends upon

the sacio-ccononic (social, othnic, religious) and veological on-
vironment. Thus an the forest arcas of Cameroon food crops are nor-
mally arown by women while mien are cultivating permanent  (Cash)
coops, Including plantarns (Pable 45). Cash crops, which can also
be feod crops, such as matese and rree, are cultivated by men, I
most parts of West Africa yam 15 a men's crop, cultivated exclusive-
Ly by men. Where no cash crops arce grown, men and women are cach
responsible for certain crops. In Upper Volta, Tor example, cercals
are cultivated by men while women have their seoarate ficlds for

groundnuts, okra, roselle, ete. (Table 46).

This specialisation by sexes is often a reason for mised cropping,
because women just plant "their" crops in their husbands' fiolds.
This is, for oxample, the case with the vam ficlds in the lvory
Coast (see Paranraph 4.d) where women plant vegetables and spices
botween the vam, or with corcal fields in Upber Volta, where women
interplant okra and rvoselle, The interplanting of <offee with food
crops, quite common an the Cameroon Highlands, ts also partly caused
by this division of labour. As most men have additional off-farm
onp loyment , women weed their husband's coffee. To make this w. ok
more profitable, they interplant various food crops such as coovam,

groundnuts, beans, maice and potatoes. In this way they also bene-
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fit from the fertilizer applied to the coffee. Even though vields
of these food crops are severcly dopressed by the dominating cof-

fee, this practice is still ratienal for the women.,

The division of labour botweorn cowes and s implications have
often beoen rgnored by extonsion programmes. Eirther only the farmer
was adressoed even though he was not responsible Yor food crops at oall,
Or o in tie case roported from the lvory Coast (Paragraph 1.4) whoere
block fields wore introduced, the fact that men still had to pro-

'

pare frelds for theiv wives' drverse Crops wa: not taken into

aoecount .

One example where account has been taken of present practices is
the extension programme of the cof fee cooperatives (I'CCAO) in the
highlands of Cameroon. Here, mixed cropping is novw  promoted and
trials with intercropping svstems are carriod out in cooveration

with the agricultural rescarch institate (1RA) .
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Table 45: Percentage of farmers reporting division of labour in farm operations for the
production of food crops (ATAYI and KNIPSCHEER, 1980)

Farm Maize Groundnut Plantain Cassara Cocoyam Melon
operations M F M F F - M I X ® F X F X

: 0.5 20.4 20.4 0.9 50.9 9.0 0.5 8.8 18.1 v.3 17.1 13.0 - - - 17.3 9.3
preparation
Planting 41.7 345, 0.5 62.0 35.6 4.6 41.7 32.4 0.9 54.6 13.1 0.5 31.5 11.6 .5 31.9 29.6
Weedinag 3.7 42.6 19.4 6.0 35.2 12.0 5.6 334.3 20.4 6.0 45.4 10.6 - - - 9 31.9 11.6
Ridging - - - - - 0.9 4.2 6.9 - 14.4 6.0 - - - - -
Harvesting 81.0 4.6 - 78.2 8.1 0.5 46.3 27.8 - 67.1 6.9 - 38.0 5. 45.4 5.7

M = Male only F = Female only = Mixed




Table 46: Division of fields by ciops and sex of the

main users (MATION and BONKIAN, 1980)

Percentage of fields Total nunber
of each crop of fields
cultivated by of ~ach crop

MEM WOMEN

Sole crops

Pearl millet 86 14 14
Red sorghun, 100 - M
White sorghum 69 3 10
Maize 100 - 29
Groundnut 40 60 184
Barbara nuts 19 81 106
Cawpea 84 16 6
Okra 2 98 96
Rosel le 2 98 44
Others (1) 100 - 16
Intererops

Pearl millet/oxwxea 76 24 63
Pearl millet/roselle 68 32 37
Rod sorghun/ cowiea 87 13 31
Rad sorghum/cowpea/rosel le 79 21 5
White sorghum/cowpea 100 - 25
Others (2) 58 42 44

b e e
Total 47 53 721

(1) Not all sole crops taken into consideration.
(2) Not all intercrops taken into consideration.
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4.6 Influence of Markeis on Intercropping Systoms

In general, the influence of markets on intercropping is low. Ex-
cept those situated near urban centres or main roads, farmers are
hardly market-orientated (bocause of the low lovel of product vri-
ces) . They produce primarily for their own needs ana only small
surpliuses are matketod, Thorefore, chaages in the price ratios
catsie hardly any changes in the ratios of the associaticns and
mixed crepping cannot Lo regarded asoan o insurance aaainst opricoe
Pluctuatiome, Farmers intorviewed by the author in the different
ceoloareal sones o West Africa always dended that thev would piant
more of any specific crep if market prices had risen in the preovi-

UL Feton.,

Near urban centres or o along major trunk roads, however, market in-
fluences may lead to o change of intorcropping syvstems in favour
ol sole cronping. This is the case in some parts of southern Niae-
ria where the acreage of sole-cropped cassava and maise has in-
creased in the last yvears. In southern Benin, too, ander the ane
fluence of the strona Nigertan market the traditional maicoZaground-
nut/cassava intercron s borng increasin sl veplaced by solo-cron-

ped matze, BEven thoagh vields are extremn

Do low, capectat!y on the
second season due to decreasing sorl ferta ity and stenborer intfoes-
tarion, matze product fon still seems to bhe nore protitable to tar-

mers than the production of ¢ ava and groundnut s, The relat ive

SUpertority of malse to cassava isoalse cansed, however, by thoe
low productivity of cassava duae to noor planting material. All the
cassava is heavily anfested with mosaic and in recent yvears out-
brears of bacterial blight and mealy bugs have also occurrved. To-
gether with other causes, the poor phytosanitary situation has al-
ready led to o collapse of the cassava industry in neighbouring

Togo.

Newly introduced crops such as rice, cotton and maiee 1n the North-
ern Guinca Savanna arce normally reqgarded as cash crops. Thus chey
are not part of the traditional cropping pattern and are planted

as pure crops on sceparate fiolds. However, where rice and cotton
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are traditional crops, they are irtorcropped. Sole crowping of
these crops is therefore not the result of market influences. On
the contrary, where marketing hoards pay low prices, farmers in-

tercrop maize and cotton too.

4.7 Flexibility of Intercropping Systems

There is a basic difference botween the sole cropping systems of
market-oricentated holdings and ¢he intercropping systems of proedo-
minant ly subsistence-orient at od smailholdings. While the former is
a "fixed" systom which s planned 1n advance and where the crops
are planted entirely wi'hin . cortain period, the latter is a
THlexible” systoen. This mens that the farmer does not know exact-
Py owhat be will grow on his field in tne arddle or o at the end of
the season, The fing! Cropping pattern depends on the time botween
the onset of the raing and the batost possible planting dates for
tndividual crops, oon ointervening Jdrought peviods, and on the avail-

ability o Tabour:

- Lt the roans are late, there is often not onough time to plant
all crops as it will be too late for some of them, e.q. photo-

pertod=sensitive varictions (such as many cowpea varioties),

- Crops that have farlod be ause of drought veriods have to be re-

placed by others,

- The available labour depads on several factors, such as the num-
ber of active houschold members present during the planting ve-
rrad, the health of the farmer and his fami ly and the money avail-

able for hirved labour.

All these factors togqother detormine the final cropping pattern,
The pattorn is "flesible™, which means it can be adapted to the
provatling climatic and socio-cconomic condit tons. Thus cropning
patterns chanae from vear to year and also between individual hol-
dings. In 1977, for example, an unusually high proportion of sole
crops (matze) was planted in southern digeria (HOUYOUX, 1979). This

can be explained by the onset of the rains in that vear which came

209






though the improvement of intercropping systems is likely to be
« slow and difficult process, it appears to be a promising approach

towaras the development of smaltlholder agriculture in developing

countrices.

211



5. CONCLUSIONS AND RECOMMENDATIONS

The review of rescarch results in the previous chapters has re-
vealed that there is alrveady a constderable knowledge of intercrop-
ping systems, oven though rescarch has started only recently on a
larger scale. There ave many results that could already be used in
extension proagrammes. As Lntercropping systems obviously have many
advantages for smallholdings, and as there ave possibilities of
improving the traditional intercropping systems, vural development
programrmes in the tropics should no longer hesitate to promote in-

tercropping.

. Present State of Rescarch on 1ntercropping

Even though the report is geographically limited to West Africa,

it was not possivle to restrict the review to findinas obtained
exclusively there. As will be discussed below, rescorch on inter-
cropping in West Africa is restricted to relatively few institu-
tions, Therefore, many data from Asian or American researchers

have also been included. However, since the basic principles of in-
tercroppina are universally valid, the origin of the data does not
matter. 1t s onty where socio-cconoric aspects have been discussed
that tindinags exclusively from African rescarch institutions h-Je

veen referred to.

.1.1 summary of Rescarch Findings

v

The analysis of intercropping in the previous chapters has rovealed
that this cropping system is genecrally well adapted to the condi-

tions of smallholder farming prevailing in the tropics.



There are only relative®; fow agro-ecological zones whoere inteor-
cropping is not ~ppropriate. These are firstly the seasonally
flooded iowiunds, wirich are Lettor suited for the cultivation of
swamp rice, and, sccondly, the (semi-)arid regions with growing

periods of less than 120 days.

Even though well adapted to conditions of limited natural resources

and restricted commoercial inputs, intercropping systems cannot be

classificd as "low ot =low sy o systems. Intercaropping sys-
tems can be intensified successfully and still maintain their ad-
vantadges to smallholders even under conditions of high {commercial)
tnput use. This presupposes that measures to increase labour pro=
ductivite, i.e. mechanization, are not impeded by intercropping.

In West Afvica, for example, draught aninels and ceven tractors are
mainly wsed tor land preparation. Plant ing, weeding and harvesting
are still done by hand. But oven sowing and weeding, the other la-
bour bottlenceks, could casily be mechanized in intcreropping sys-
temws. Appropriare farm inplements feor these operations have alrea-
dy been develoned.

Advantagos of

ropping 'stems
ropping systems

There are many advantages of intercropping for smallholdinas, and
this is obviously the reason why farmaers have not abandoned their
Lraditional systems in spite of the efforts of cxtension services

Lo introduce sole cropping.

The main advantages of intercropping can be summarized as follows:

-  better use of limited resources (light, water, nutrients)

resutting in hivher vields per unil area and unit of time.

- increasod yield stability and reduced probability of incomes

falling below the subsistence level;

- reduced crop losses due to weeds, pests and discasces;

- contributlion towards soil fertility maintenance through
reduced erosion and nutrient leaching;

- more balanced distribation of labour requirements throughout
the scason, as latour peaks for land preparation and weeding

arc reduced.,
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Higher yields per unit arca: Intercropping systems produce

higher vields per unit avea compared to sole crops (expreossed in
terms of LERs) . Yield advantages can range from 20 ‘o 60, depen-

ding on the cropping systems and agro-ccological zones concerned.

(It has to be borne in mind, howoever, that wmaximum LERs are ofton
obtatned with crop ratios that Jdo not correspond to farmers' re-
quirement:) ., These victd advantages are mainly due o the fact
that component crops do net compete for exactly the same overatl
growth factors and that intercrop competition is therefore lower
than intra-crop competition. In successtful intercropping systoenms
Paeoadm 1o to decrease compet ition by increasina the spatial and
temporal ditfecences between the component crops. This leads to

‘

2 nore efficient

such as lLight, water and

nutrienc,, which is of special importance in situations of low in-
herent sorl rortilrty and restricted avallability of comrmercial

irputs (mainly tertilizers).,

Competition tor light can be reduced successfully by using cither
appropriate species or certain varsety combinations and spatial
arrangement s, successiul ointercropping systems reach the optimal
leaf area index (LA1) faster than sole crops, have a higher Pight
interception, make more efficient use of light due to a larqger
photoactive surface (through inclined leaves, several storeys,
cted), and utilice the Tight tov a tonger overall period through

the association of carly and late maturing crop-.

Intercrops have a better water-use officiency (WUR) than sole crops.
The  1s of special dmportance for the semi-arid tropics, where wa-
ter 1s the main Timiting factor. One reason r the increased WUR
is the windbreak-effect whon low-arowyng crops are interplanted
with tall-arowins ones, leading to reduced cuapot ranspiration, Ad-
justing plant populations to the available soil moisture, i.c. a
lTow population at the onset of the rains, a h:iagh population in the

humid phase of the scasen, and again a low poputation on the resi-

dual moisture at the ond of the growing scason, is oanother means
of using the available soil moisture move efficiently by intercrop-

ping.






It is assumed that the "associated” resistance of intereoropping

systems was a seclection criterion of traditional cropping systems.
Introduction of new crops into traditional systems, for exampte

the replacement of sorghum Ly maize, can reoverse the situation and
cause increased pest and discasce incidence. The reduction of yield
losses through intercropping cannot, of rourse, be compared to the
effocts obtained by the use of pesticides, As, for various reasons,

anetricient appiication o1 pesticides is difficult Lo wehicwve

in spailholder food production, advantaae should at loast be taken

of the potential of biological pest control.

As Lo wends, the s ne doubt that appropriate crop associations

can compete botter than sele crops, mainly due to an carly qround

cover. This of atmost importance in smal lholder farming, since

weeding - especialoy in the humid tropics - is the major labour
bottleneck, restricting the size of holdings. Although in crop
associations the yicelds of the “ominated crops are sometimes con=
siderably reduced, vhey still vield more than if weeds were to

grow an their place.

Soil Tertility maintenance: Intercropping contributes to soil fer-
tility maintenance (thereby further increasing vield stability).
The rarly ground cover achieved by intercronping protects the soil
from the impact of rain  and overheatinag. Surface sealing and run-
of f resulting in sheet ercosion and decreased water retention can

e reduced sigqnificantly by appropriate crop associations. Nutrient
losses through leaching can be diminished by interplanting species
with deep reacihing root svstems (such as placon pea or trees).

These species can also "pump up" nutrients frcem beyond the root

systems of the associated crops, making them available again after

the decomposition of “allon leaves or prunings. Planted fallows,

(¢.g. of pigeon pea) established as relay crops, can protect the
2 i

501l after the harvest of the main crop(s) and restore soil forti-
lity in a shorter period of time than the traditional bush fallow.
-

tematic rallows such as alley cropping with Leucaena oY other

leauminous trees or shrubs also have to be considered in this

conte=t,
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The advantages of intercropping in smallholder agriculture are not
restricted mrrely to plant prvoduction. Farmers prefer intercropping
mainly becausc it is well adapted Lo the socio-cconomic conditions

of smallhcldings.

ﬂiﬂh?f.f5$£¥llﬁm§9AJ;!KL:VﬁL,LQQQQf: Intercropping is an intensifi-
cation strategy used by farrmors to increase the production trom a
limited amount of land. Farm sizes in traditional agricul*ure aroe
limited (1-2 ha) cither bocause of lLand shortage or, as in most

cases in West Africa, boecause o) (scasonal) laebour shortage.

While labour _ ‘ements per unit arca are higher in intercrops
compared to sole crops, requirements per product unit, and even-
tually for the entire holding, are lower owina to the increased
production. et returns to land and to labour arc consequently

higher.,

As interviews with farmers showed, the labour saving aspect is

their principle reason for practising intercropping.

’”lbUﬁ_QQJ%f,Lu%HUfTUﬂH}YHﬂQPES: Intercroppung, ir addition,

leads o a Lotter disuribution of lebour, i.co. labour peaks, main-
ly for tand preparation and weeding, are less likely to occur than
in sole crops. This results partially from reduced labour require-
ments but also from spreading the requirements through staggered

pianting.

Income ability: In smallholdings, producing primarily to meet

subsistence needs and selling only surpluses, income stability is
closely related to vield stability. As pointed out above, the in-
creased yield stability of intercrops reduced the probability of

tneomes ralling below the subsistence lovel.

Diversiried food supply:  Another advantaqe of intercropping is the
vivadstited 1ooa s UppRiy G
cont inuous and diversifiocd food supply to the farmer's family. This
is especially pronounced in the humid tropics, where highly diver-

sifiod compeund farms exist producing staple food, vegetables, spi-

ces and fruits throughout the year.
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The above summary shows that there are many advantages of inter-
cropping in tropical smallholder agriculture. Therefore, as stated
by NORMAN, farmers are acting in an absolutely rational way when continuing

their traditional intercropping systems,

Possibilities of improving traditional intercropping systems

When discussing the advantages of (traditional) intercropping sys-—
tems, the impression might be gained that these systems arc already
quite perfect and do not need any further improvements. This, of
course, is not correct since the productivity of traditional crop-
ping systems is low. Yields are stable but on a low level., To

meet the increasinag doemand for food of o rapidly qrowing population,
the prodactivity of traditional crovping systems must be increased
significantly, but their advantages, especially the stability,

should preferably be maintained.

Chaptoers 3 and 4 indicate a number of possibilities of increasing

the productivity of intercroppina systems, such as:

- optimized spatial and temporal arrangements

- optimal crop combinations

- gpecific breeding and selection for intercropping systems

- fertilizer application

- mechanization

- integration of trees, systematic fallows

- continuous grourd cover as a protection against soil erosion
- crop combinations with a greater potential to reduce pests,

discases, and weoeds.

In addition to these measures specific to intercropping systens,
of course all the other methods generally employed in smallholder
agriculture for maintaining soil fertility and incrcasing food

production should also be used.

Spatial and temporal arrangemencs:  To make full advantage of the

potential of intercropping svstems, the spatial and temporal
arrangements of the component crops have to be optimized. This

implies an increase of the pluant populations, which, however, results



in an accelerated depletion of nutrients and thus the nced of
fertilization. The optimal crop arrangements are very site speci-

fic and have to be adapted to changes in soils and climate.

Crop combinations: In many cases it is possible to increase the

productivity of traditional interceropping systems by introducing
another component crop or varieties differing in morphology, ma-

turity period, resistance, cte.

Brooding and selection for intercropping systams:  The improved

varieties developed in the past were selected for sole crop con-
ditions. The assumption that these improved varicties would be
superior an all croppinag gsystems was not correct. For the intensi-
ticaticon of intercropping svstems, therorore, varicties are ro-
quived that are well adapted to specific crop combinations prima-
rily inovespect to plant morphology, plant density, responsiveness,

and vigorous early seedling qrowth.

When selecting for intercropping systoems, it is of utmost impor-
tance that the solection is carried out at a tertility level re-
presentative of farmers' ficlds. This is normally much below the

tertttity lovel of coxperimental station ficlds.

The appilcation of mineral fertilizers is a relative-

Iy casy  way to increase preduction. As mentioned above, incercrop-
plna does not present an obstacle to fertilizer application. Owing
to changes in growth patterns caused by interspecific competition,

fertilizer requirements of componoent crops differ from those of

sting to date are

sole crops. Specific recommendaticns hardly o

consequent Iy required for the various crop associations.

The available rescarch results do not roveal any differences in
the fertilizer use efficiency botween intercrops and sole crops.
Losses of fertilizers due to leaching, run-off or sheet erosion

can, however, bLe reduced by intercropping.
Economic cvaluations of fertilizer use in intercrops, cxpressed in
value:cost ratios, show that farmers are generally better off when

applying fertilizer to intercrops than to sole Crops.
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tion of yield losses will be ooly small and not comparable to

those achicved by means of chemical crop protection,

In spite of Lhese limitations, the potential ot intercrops for

reducing yield losses must be regarded as one of the main advan-
tages of these cropping systems; in particular, because chemical
pest control s no real alternative in smallholder tood produc-

tion.,

Sumnarizing the advartages of intercropping and the possibiliticvs
of iatensification it can be said that theso cropping systems are
well adapted to the ceological and socio-cconomic conditions of

tropieal agriculture and that they can be intensificed to meet the

increasing demand for tood.

The previous chapters have outlined the importance of intercrop-
ping tor tood production in West Africa as well as the agronomic,
cootogical  mid socio-economic advantages of this crapping system,
These facts are in striking contrast to :he importance attachoed
toantercropping in agrienltural rescarch and extonsion. Policy
makers oare stilloconvineed that the tood problem can be overconme
by metbods developed in andustrialiced countrics with temperate
climates. In nearly cvery West Atrican country general policy is
to inerease food production cxclusively on the basis of soie crop-
ping combined with high yielding varictics and commoreial inputs
such as tertilicers, pesticides, and mechanization. Increasing
Farm size:s, 12 to facilitate mechanizat ton and ensure a higher

efficieney of inputs,

Generally speaking, however, this policy has achioved only poor
results. A lack of ofi-farm employment and rapid population growth
have led to decreasing farm sizes in many regions. Price increases
Jor imported inputs have made them scarce and often unprofitable
for food production. For small farmers there are consequent ly

hardly any alternatives (o their traditional cropping systems,
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This makes many rescarch workers rather dubious about continuing
work on sole cropping, becausce the results arc irrelevant to the

majority of farmers.

As discussed In Chapter 3 however, rescarch on intercropping -
the alternative - is nuch more como licated and difficult than
rescarch on sole cropping. Combining crops is more than merely
adding another crop specics but introduces a corpletely new dimen-
sion. This 1s obviously the main reason why many rescarch workers
have 5o far hesitated to turn their attention to intercropping.
Hoevertheless, inteveropping s o slowly galning amportance in agri-
cultural research, due not least to the intluence of international
agricultaral rescarcoh orcantsations such o as 1ita or TORISAT. The
high complexity ot traditional tarming syvstems, on the other hand,
does not allow rescarch to bhe restricted entirely to agronomical

aspects, but necessitates o (farming) systems approach in research.

There 1s guite a difference between anglophene and francophonoe
countries as reqards rescearch on o intercropping. Francophone re-
scarchers bave confined themselves to a description of traditional
cropping systerms and Lave done little work divectly related to in-

tercropping. But this situation is now chanaing.

Nigeria 1s the only West African country where intercropping re-
search has gained real importance. Quite a number of rescarchers
at Nigerian universities and national institutes are working on
tntercropping. Outstanding in this respect 1s the Institute of
Agricultural Rescarch at Samaru, Zaria, where rescarch had alrcady
started an the late 1960s and where the socio-economic aspects of
intercropping are also invessigated,

The attached list (see App. Tabic A 13) which doeos not claim to be
complete, gives the names of institut ions where important work on
intercropping s peen or is still being done. Where rescarch was
mainly conducted by a single person, the name of the rescarcher

and the subject of his work are also indicated.



So far, resecarch on intercropping has produced practical results
in only a few cases. This is mainly for two reasons. Firstly, re-
search on intercropping is more difficult than rescarch on sole
¢rops since move factors are involved. This requives the develop-
ment of a new nethodology, boeginning with experimental desiagns.
Lack ot systematic rescarch is one ot the reasons why regsults
obtained at research stations often cannot Le transterred to dif=-
ferent environments, A large propovtion ot the experiments have
been contianed Lo the simulation of traditional cropping pattorns.,
In the absence of adequate experimental desians, trials were often
rather simple and mostly Timited to spacing and/or population den-

Srbtaroees,

The other reason for the slow advance in intercropping rescarch
s the structure of agricultural vescarch itselt. In most cases,
research on intercropping is carried out by researchers who are
nterested in the subject, but are given only limited support by

[

their respective organisations. Thore is only little o ange ot
information between vescarchers working on related subjects in

netgnbouring countries and often oven witiin the same country.,

In addition, most researsbh workers have limited accoss to profes-
stonal Journals. As rescecon on intercropping is relatively new,
a systematic exchange of ideas and information would ne necessary
te increase the efficiency of the work. With reqgard to the imvor-
tance of intercropping for food production in West Africa, moethods
need to be developed to improve the flow of information and to
facilitate communication between researchers. The proposed farming

systems rescarch network could be useful in this respoect.

Despite the difificultics described above, considerable knowl edge
on intercropping bas already been accumulated. The existing know-
ledge would at least allow extession agencies te formulatoe pretbi-
minary recommendations for subsequent implementation. Extension
services are, however, sometimes reluctant to adopt new approaches
and in many cascs they are not showina any interest at all in pro-

pagating intcrecropping.



5.2 Recommendations for Agricultural Rescarch and Extension

Analyses Tor traditional cropping systems and ficld trials have
revealed the advantages of ifatercropping tor tropical smallholder
agriculture. The results make it necessary to reassess the relative
tmportance b antercropping in agricultural rescarch and extension.
This docs not only concern national policy makers but also inter-
national developmont agencies involwved in agricultural rescarch and

rural development.,

The urgently needed increase in food production can hardly be
achicved solely by providing means (mainly commercial inputs) to
4 menority of farmers enabling them to intensity their production.
The tood problem will be solved only 1f the millions ot smallhol-
ders increase thelr production. The cxpericnce of the past has
shown that this cannot be achicved by introducing completely new
cropping systems, Therefore, a me e promising alternative seems
to boe the stepwise improvement of traditional cropping systoms,
This approach is, of course, much more difficult than the develop-

nent of sole crop onterprises.

What is needed is an interdisciplinary approach comprising ceology,
acronanyand cconomics, i.o., a farming systems approach. Only
farming systems rescarch in its widest sense will make possible
the development of cx*ension packages acceptable to farmers. A
start in this dircction has been undertaken by the international
research institutions in Woest africa, i.o. by J17A and 1CTISAT.
Hational rescarch institutes will probably iollow in the near fu-
ture, bDuring a recent reorganisation, the Crops Researenh Institute
of Ghana, tor «~xzample, has created a farming systems department
comprising agronomy, soil science, agro=-meteorology and cconomics.
This department is in close contact with the extension zservice,

as this is the only way to ensure a continuous fced-back and re-

orientation of rescarch programmes.
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When discussing the improvement of intercropping systems, it
nust always be kept in mind that intercropping is only onc element
of improved smallholder farming systems, cven though an essential

cne.

5.2.1 Rescarch Priorities

Rescarch -n intercropping, if it is to serve the small farmer

has to b2 orqganizoed alony lines different from Lhe approach used
in th» vast. Besides investigating basic questions like competition
for growth factors, more importance must be attached to adaptive
roescarcl,, Promising cropping systems have to be adapted to the
specific agro-ccological sones and cconomic and socio-cultural
conditions. This ¢cannot be dene entirely on stations, but requires
on-farm experimentation. The farmers should participate actively

at tlee stanme of plannina of experiment s, Only continuous contact
witn the farmer will onsure that tiwe nethods developed are accep-=
ted by the majority of farmors in the ends On-farm exporimentaticon
passes thronagh difterent phases with an increasing participation
of the tarmer, trom researcher managed-roscarch executed, through
rescarcher managed-farmer execuated, to farmer nanaged-farmer oaxe-
cutea trials. on=tarm exXperinentation must be much csimpler than
Statiton experiments, Lo, with oo reduced number of treatments and
replications to enable the farmer o realize differences between
treatments. Farmer managed trials should be nearly of field size,
as only this will force the farmer to take real decs tions as re-~
gards the timing and rantity of inputs (mairly 1:bour). Methods
of on=tarm experimentation have been developed already on West
Africa, especially by [CRISAT and SAFGRAD  (Semi-Arid Food Grains
Rescarch and Dovelopmnent Programme) . National resecarclh rrogrammes

should take advant e of this.

Besides adapting cropping patterns to reqgional conditionrs, con-
tinued rescarch is necessary on a number of basic issues that have
not been completely answered to Jate, as pointed out in th~ pre-
ceding chapters. In the following, five ficlds will be outlined

where further rescarc! is regarded as most necessary.



(1) Mcthodology of Intercropping Expoerimentation
J croppling Lxperimentation

As mentioned in Chapter 5., rescarch on intercropping was hardly
carrvied out systematically in the past; in most cases it was an
attempt to arrive ot a better understanding of traditional crop-
ping patterns and Lo compare vicoltds of sole and intercrops. In-
adequate experimental designs have resualted in rather inefiicient
trials with too Timited numbers of ditterent croppinag patterns
(spatial arrangements and plant populations). Lack of methodolo-
gy in experimentation makes it extremcly difticult to draw gene=
ral conclusions from most data obtained so that a transter of

results to othor environments becomes impossible.

For the development of inproved cropping systems it is therefore
nec2ssary to develop methodologics permitting more officient eox-
perimentation. ‘This includes experimental desions and statisti-
cal cvaluation as vell as a better knowledye of interspecific
competition. At the international rescarch centres, ospecially

at ICRISAT, considerable progress has been made in thig direction
in the last years. However, more basic knowledge on interspecific

compctition is still needed.

(2) Fertilizer Use

Fertilizer requirements of irtercropping systems have not yet
ceen fully understoed. To increase the efficiency of fertilizer
use, further rescarch is required. Timing, placement and quan-
titics of the main nutricents (plus perhaps Zn, S and Ma) have
to be tested for different crop corbinations. As outlined in
Paragraph 3.4.2, trials have to be conducted on the samc site
for some vears, to enable residual offects to be taken into
account.. Fertilizer rates should be low to medium, i.¢. orien-
tated to the pessibilities of farmers, Criterion for determining
rates of application should be the efficiency of fertilicer use

and not maximizati n of yields,

(3} Breeding and Sclection tor Intercropping Systems

1t has been emphasized in Paragraph 2.3 that for arowing crops

in associations genotypes need to be identificd and selected



Besides being needed for the development of more productive
cropping systems, the above data should also serve to conving o
policy makers and extension agencies of the advantages of in-

tercropping. When vields of crops grown traditionally and with

improved practices are compared, the additional yields of the
asscoiated crops contributing ta the Jrosd roturn poer anit o area
are usually neglected. This simplification can only be avoided
through a careful analysis (labour requirenents, net returns
to land and labour) of traditional and improved intercropping
svatenms,
From the above it is cvident that much basic rescarch is still
vequired for whrch the necessary facilitics do not exist at atl
national rescarch institutes. Work in this dircction has al-
ready started at some universities of industrialized countrivs
and at international vescarch centres. Progress in applicd and
adaptive rescarch of national aariculturay: research institutos
depends to quite some extont on the rapid flow of information
and on the cooperation between international and national in-

stitutes,

It would be rewarding for international cooperation agencies to
strenathen the national capacities in intereropping resecarch.
Support to natioral institutes must also include improving the
flow of information as mentioned in Paraqgraph 5.1.2. This could
be achieved by providing institutes with relevant literature
(books, professional journals, annual reports, otoe.) and by sup-
porting personc! contacts between roesearchers of institutions of
neilghbouring vountries, This could be the responsibility of a
central service to be established by an international cooperation
agency. The cstablishment of a farming systems research network
could, in additicn, strenathen the contacts between national and
International resecarch institutes and accelerate the transfor

of rescarch results.
To create more interest in intercropping rescarch, not only among

rescarchers but also among policy makers at the ministries of

agriculture and rescarch, or in extension services ,
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adequate tillage methods and organic recyclina, and sustained
yields. As shown above, these objectises can best be reached

by practising intercropping. A precondition for a rceorientation
of extension practices is the sensibilisation and training of
extension officers and the revision of the objectives of existing
extension programmes. In this connection, rural development pro-
jects of technical cooperation agencies have a special responsi-
bility, especially when setting up extension services. As thesco

projects are generally more tflexible than the established exten-

ion services the should pioneer new contents of oxtension.

A reorientation of extension proaramoe.g necessitates a close coop-

cration ,presently non-o ity in o most countrice bhoetweoen extonsion
services and agriculutural rescarch mmstitutes. In many situations
some short-term adaptive rescarch, mainly in forp of on-farm ex-
perimentation, will b necessary to define data for extension pack-
ages. Often the extension services thowscelves could start some de-
nonstration trials, oither on their own sites or on rficlds of far-
mers or cooperatives. While the demenstration of cropping systems

with annual crops can be conducted without difricultics on appro-

priate farmers' fields, cropping systems including perennials, parv-
ticularly trees and shrubs, should be established on special de-

monstration sites (bhecause of the long duration of the trial).,

The aim of cxtension programmes should be the improvement of exist-
ing cropping systems and net their replacement by entircely new
systems. In this respect the intensification of intercropping sys-
tems 15 only one measure besides the improvement of soil fertility
management, the increase of labour productivity, the integration

of Tivestock (mixed farming), cte . With the existing knowledge

intercropping systems can be improved in at least four wayus:

- choice of varieties: improved, higher vieldinag varietices with
a morphelogy and growth pattern fitting into the cropping pat-
tern should be used. For example, tn legume/cercal associations
cereals with a resorvicted vegetative growth and inclined leaves
are to be preferred. In cassava-basod systems, the cassava
should be high-branching with chort, compact swollen roots.
Cowpeas should be crect (te facilitate weeding) and photoperiod-

insensitive, otc.



=~ plant population and spatial arrangement: a full populatien
(as for sole crops) of the component crops should be aimeo at,
In cereal/lequme combinations, tfor example, this can be ashieved
by reducing the intri-row spacing and 1rcreasing the inlter-iow
spacing of the cercals, thus allowing a ncarly tull pobulation
of lequmes to be interplanted without reducing the cercal popu-

lation,

- timing: in most cases the traditional planting dates of the com-
ponent crops can still be used, till more precise data are avail-
able. In many situations it is advantageous to plant the demi-
nated crops 2-4 weeks botore the dominant component, tor eoxample
beans 1n o maize/bean association or maize in a cassava/maize

association,

- fertilizer applications:  as long as no specitic recommendations
are available, fertilizers should be appliced close to the plants
al the rates recommended for sole Crops. On soils with a hiah
rate of bP-fixation, P has vo be applied in bands under o- near
the crop in row-intercrobping, or applied besides or below the
seved pockets in mixed intercropping. In countries with deposits
of rock phosphate, this mineral should be used rather than water-
soluble super- or triplephosphate. Nitrogen can also bhe applied
individually to the component crops. In coercal/legume associa-
tions both component crops should be aiven a basic dressing of
nitrogen, which serves as starter nitrogen for the legqumes. The
cereals receive later on an additional top dressing of nitrogern,
When applicd close to the plants and at reasonablo rates, the
fertiliver nitrogen does not affect the symbiotic nitrocen fixa-
tion of the associated lequmes. All these general recommenda-
tions will have, of course, to be specified over the vears by

means of on-farm experimentation,

There is no doubt that the promotion of irtercropping svstems is
much more difficult than promoting sole crops, because thesce systoms
are much more complex and, it full use is to be made of their poten-
tial, they have to be closely adapted to the specific environmental
and socio-cconomic conditions. As mentioned above, these systems

arce relatively flexible, so that recommendations cannot be formu-

lated as easily as for sole crops. Extension officers have to assess
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on the spot, together with the farmers, how existing cropping sys-
tems can be intensified. Extension advice should no lenger be con-
fined to riyid standard recommendations as, for example, in a
maize improvement programme (timing, spacing, fer ilizer applica-
tion, cte.). For such a task, however, extension officeors need to
be better quatithed, which requires better training. Sumitar to
tratning at universitices mentioned above, much more attention has
Lo be pald to traditional cropping systems and intercropping in the
training courses for extension officers. This could lead to a bot-
ter understanding of tradittonal practices and reduce the bias
adainst these methods wioreh are still used by the majority of far-

A
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A consequence, the cooperation between extension services

and farmers would undoubtediy be tuproved.

Rural development programmes are normally not only engaged in
extension but also in other activities relevant Lo intercropping
such as bHrecding programmes, draugit animal projects and production
or farm implements. All these diverse activities need to be recon-
sidered in view of their ability to contribute to the intensifi-
cation of the present intercroppirg systems. This requires that
the project persornel is more sensible to a better understandinag

of intercropping, and of farming systems in general

In particular, the »sroject personnel needs more quidance for carry-
ing out farm surveys, which is a precondition tor the understanding
of local farming systems, and on-farm experimentation. At present,
there is a lack of simple but appropriate methods to assess resource
avarlability and rasource use in traditional cropping systoms such
as intercropping. Thorefore, oo much valuable time is lost by
gathering information on local farming systems and by establishing
field demonstrations. A well prepared and oruanised approach could
be much more efficient. To facilitate such an approach it would
scem to be helpful to prepare a manual for use by personncel invol-
ved in planning and implementing agricultural activitics in the
smallholder sector. The main purpose of the manual would be to
help promote awarencss of the specific features and problems of

traditional farming svstems and to develop practical guidelines for

tmproving such systems. In particular, it should pruvide simple



methods and procedures to collect data on intercropping (measuring
of yields in intercropped ficlds, information on farmers' motiva-
tions forintercropping, ctc.) and to undertake on-farm experimen-
tation (selection of farms and farmers, lay-out and evaluation of

trials, ectc.).
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Table A 1 French Terms Related to Cropping Systems

(French terms from R. Tourte, IRAT)

1. Multiple cropping
Sequential cropging

Double cropping
Triple cropping
Quadruple cropping
Ratoon cropping

Intercropping
Mived cropoing
Row intercropping
Strip intercropping
Relay intercropping
Multi-storey cropping
2. Sole cropping

Monocul ture

Rotaticn

Cropping pattern

Cropping system

Mixed farming
Cropping index
Lard Equivalent Ratio

- Culture nultiple
- Cultures sequentielles

- Double culture

- Triple culture

- Quadruple culture

- Repousse

- Cultures associées

- Cultures associces {ou en mélange)

- Cultures intercalaires

— Cultures en bandes (alternées)

= Cultures dérobées

— Cultures en strates ou é&tages
= Culture pure
= Monoculture
- Rotation
- Mocéle de culture
= Systére de culture (corbinaison de cult'wes au

niveau d'une parcelle, d'un
champs, d'un tvpe de milieu)

= Polyculture
- Irdex cultwre (mais contexte a voir)
~ Surface équivalent relative
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Table A

General Characreristics of Holdings

Country Region Farm size | No.of Size of | lio.of Size of TI Persons per Active
{arcs) fields fields nlocs plots holding menbers
(ares) {ares)
Camercan | Nord 164 2.8 60 3.2 51 4.5 2.6
Est 182 3.9 17 5.2 35 5.0 2.8
Centre= 202 a.2 8 1.7 a3 5.2 2.7
Sud
Littoral 149 2.6 58 2.7 54 6.0 2.5
Quest 125 2.2 38 2.8 45 6.8 2.8
Nord- 122 1.5 27 6.0 2 5.4 2.9
Quest - " ) N -
Sud-
Quest 146 2.2 67 2.5 60 5.8 2.6
Average 160 3.2 S0 3.8 42 5.4 2.7

Source: FAD, Enquéte 1972/73
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Table A2b General Characteristics of Holdings

Country State Farmsize | Ho. of Size cf | MNo.of Size of Persons per Active
(ares) ficlds fieclds plots nleots helding members
(ares) (ares)

Nigeria | nNorth Central 126 - - - - - -

Kwara 116 - - - - - -

North Western | 172 - - - - = -

e Plateau | 171 - - - = - -

North Eastern | 192 - - - - - -

Kano 94 - - - - - -

Western 120 - - - - - -

Mid-iwestern 56 - - - - - -

Rivers 1o = - - - - -

Scuth-Fastern 20 - - - - - -

East Central 30 - - - - - -

Lagos 35 - - - - - -

Average 98 - - - - - -

Source: Nigeria Rural Economi~ Survi vy (1876/77)
Fed. Office of Statistics,Lagos 1380
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. . T, -V - ; - .
Countr Region Pcpulation Size cf - !SlZd o:{ Persons | Active
density ficlds * plots ¢ oper members
! {arcs) ; (ares) | holding
: !
H i i
‘ ; i
: . - . by - -
Bonin i Atacara 16 200 Z S0 5 30 ! [ 3.5
L BOrgos 11 | 270 3 71 B - 12,5 5.6
R ! - N : -
Zou 2o { 2lc 2 71 3 - P 3.7
Moro lol | 1Zo 2 71 3 ~ 6.7 2.
Aatlantioue 76 160 2 71 3 71 6.2 2.6
3l 1lo 2 71 3 - 5.4 2.4
*) Average 26 170 2.4 71 3.1 - 7.1 3.3
Toge Savanes 29 24 3.6 lol - - lo.c 4.6
Kara 55 ol 2.9 3o - - 7.0 3.6
Centrale 2 224 3.4 66 - - 5.0 3.5
Platcauws: 22 172 3.3 53 - - 6.9 2.9
Maritire 75 132 3.1 49 - - 7.7 4.9
Srerage 27 182 3.2 57 - - 7.7 3.9

Source: Engudte Adgricele, 1972/73 ev 1972/74

«

*) Source: Structure des esploitations agricoles traditiconelles
de la Rep.Peop.du Benin, 1970/77
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Table A 2 d Gorneral Characteris

tics of tioldings

T
Country Region Farm size | Size distribution YGLof Size of | Persons Active nerbers
ha »Farms ¢ 1,6 ha ficlds fields Per
(3 o) rolding
full *J_'rr:{ full cr
part time
Ghana Western 2.2 40.9 2.6 5.4 1.9 3.5
Central l.o 68.4 2.6 5.0 1.8 3.5
Eastern 1.2 62.6 2.9 4.8 1.3 2.4
Volta 0.9 7.9 2.9 5.2 1.1 3.1
Ashantl 1.8%) 48.4 3.1 5.5 1.5 3.7
Srong=nhalfo 1.4%) Jo.4 2.6 5.9 1.9 3.9
torthemrmn 1.7 17.5 1.9 7.1 2.6 4.8
Uoper 1.7 37.6 2.2 6.8 2.2 4.4
Avoerage 1.5 545.7 2.7 4.4 1.7 3.7

*) consideraple proportion of ble cocua plantations ( »7 ha)

source: Ghana Sarple Census of Agriculture, 1970
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Takle & 2 ¢ Goneral Charecteristics of Holdings
Country Region Farm T Neeid Size of Persons Active
size ! rlots plots per members
(ares) | (aras)* (ares)** holding
|

Ivor, :

Ccast Sud-Est 764 i - 114 - 4% 6.8 3.0
Centre 112 Po- 72 - 57 6.1 2.7
Centre=Quest 443 - lol - 33 6.2 2.9
Sud-Ouest 322 - llo - 84 6.3 2.9
Centre Nord 346 - 2 - Jjo 7.0 3.5
Grand Ncrd 4c8 - 82 - 82 8.6 4.4
Average 482.5 - - - - 6.6 3.1

7

*)

**) Anrual

nnual

Source:

and perennial crops

crops only

Recensement National de 1'Agriculture 1973/74
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Table A 2 f

General Characteristics of hioldings

Country Rexzion Farm size | No.of | Size of | lo.of Size of Pcrsons per Active
(ares) ficlds | ficlds | plots rlots holding members
¢ (ares) : | (arcs)
i “ |
; ‘ T
} . j
Upper i J !
volta East 117 ! - . - A - 9.2 1.
Centre - | - - 16,4 <z4? 1o.2 4.
|
Average 1 526 [ - - - - 9.7 -
Scurce: ORD de 1'Est 1980

West African Fertilizer Study, Vol.4, 1977
ICRISAT, 1980




Table A 3 Average Cultivated Area Per Fam Worker in Cameroon,

bv Realon or Zene, 1965 (In !\n,'.L‘.)A_

Food or
Reqgion or Zone All crops | mixed Plantat ions
crops
Couastal Towland (Forest zone)
SANAGA My Ll C e i i i 38 31 7
Nkin and Ndikinimeri.. ..., Cereeaeias 58 11 17
Rribio..ooooooo., Cerereaeae loo 50 50
thyong and BEelldo..o.... 6¢ 37 23
1 T Ceeeenan . 74 58 16
Contral Region {biuatoriail forest coned
S T PN 139 52 87
Do and Tl oo, ... e e 98 18 60
O B T ] . 98 65 33
!('vntm] Reapren (Trancitronal forest 2one)
Forest=savanna: yong and Sanaga L., .. 91 31 60
Furest=savaninad: castern ... ... e . 68 50 19
Mhaen plains oo i e 81 42 39
; Guinea sevanna lands oo, .. e . 42 41 1
Western thab Plateans
Banlobe plateau oo, 38 37 1
Vo Ramoyn owd Tikar platean L., 51 39 12
P Atwooua High Plateauw ..., 44 44 -
|
! Moslem pastoralises Lo, (34) (34) -
é Pagan cultivators ... .. (55) (55) -
orthern Roegion
i
I southern oo™ plains ..., ., 65 60 5
f Farmes with cotton ..., {95) {80) (15)
1 Pans without cotton ... ..... e {50) {50) -
{ tiorthern Benout plaims ..., 73 64 9
|
| Moslem pastoralists ..., eeeaes . (75) (69) (6)
Moslem cultivators: ..., e
with cotton ..., .. ... eeeeeas (91) (80) (11)
without. cotton ..., ..., v (79} (77) (2)
Pagan cultivators:
with cotton ..., ..., (109) (86) (25)
without cotton ........ (69) (67) (2}
Laxpone Fishermen coue e ienvnann, (58) (58) -
"ToNm® farmes ..., e ereresenaa (83) (76) (7)
Mandata highlands ooo..oo..., eeeenees 66 66 -

source: RIZIAN, 1970
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Table A 4 a

Impertance of Crop Mixtures

NIGERIA Percentace cf areas of main Crops Jrown in mixtures
Maize Sorghum Millet ! Rice Yams
Region Total B Total B Total 3 | Total P Total z
ha mixed | ha nixed | ha mixed | ha mixed | ha mixed
Forest and Lerived {
Cavanna areas 881.0occ G1.4 83,700 95.2 - - i 91.lo0 6d.c | 612.2c0 67.6
Middle Bolt-Derived I
and Guinea Savanna 302. 600 79.4 527.6c0 82.9 | 371.200 73.9 ’ 79. 200 91.9 1 4v2.lco 50.9
Northern Region :
Guinea and Sudan !
Savanna 408. 300 73.4 12097.7c0 80.1 13662.400 91.8 1 76.%0 42.5 | 122,600 73.6
!
: o
Region Cocoyam Cassava Groundnut Cowpea
Total = Total i Tctal % Total %
ha mixed | ha mixed | ha mived | ha mixed
Forest and Derived
Savanna areas 177.6l0 8u.1 350. boo 23.2 55.400 16.0 132.3c0 82.5
Micddle Belt-Derived
and Giinea Savanna 5. 600 92.2 36.coc (6.4 6,600 3709 261,900 loc.o
Norther Region |
Guinea and Sudan !
Savanna 17.800 58.6 33.2c0 22,0 {1767.800 91.4 ; 3603, %00 99.6
{

*) Source: Federal Office of Statistics, 1972




Table A 1 b - GHAanNA

Irmportance of Crop Mixtures

Percentage of arcas ©f main Crops Jrown in mixtures

Maize R Sorchum Millet
Regiop Total % mixed Total % mixed Total
ha pred. subs. 3 total ha subs. total ha
Western 29.5.5 58 38 96 - - - -
Rainforest
! Central 36.450 41 17 -1 - - - -
: §. Guinea Savanna
Eastern 65.205 71 6 77 - - - -
" S. Guinea savanna
volta 43.740 56 15 71 2.430 83 loo -
' §. Guinea Savanna
| Ashanti 46.980 66 21 87 - - - -
I Rainforest
' Brong-Ahafc 49.005 68 12 8o 2.430 83 loo -
I S. Guinea Savanna
| Northern 60.345 58 39 97 70.000 59 2 42.000
i Northern Guinca S.
Upper 33.2l0 74 24 98 168.480 51 9 206.145
| Northern Guinea S.
Total 364. 500 84 243.000 95 249.075

1) Main season only

2) predominantly
3) subsidiary

cont. '-
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Table A ¢ » - GHANA cont.' -

Irpertance of Crop Mixtur.s
15X T

2= Percentage of arcas of rmain Crops grown in mixtures
, Rice Yam Cocoyam
l Region Total * mixed Total % mixed Tctal mixed
L ha pred. subs. total ha prec. subs. total ha pred. subs. total
I
" Western 5.670 36 - 36 4.050 - 100 loo 38.780 5 95 loo
i Rainforest
H
| Central 8lo - - - 6.480 6 94 lco 19.035 6 94 loo
! S. Guineca Savanna
Eastern 1.215 33 - 33 12.150 1lo 9% loo 59.130 13 86 99
S. Guinea Savanna
Volta 6.480 69 - 69 14.580 78 14 loo lo.530 8 88 96
S. Guinea Savanna
Ashanti 4.05%0 3o - 3o 20.655 lo 9% loo 167.670 11 89 loo
Rainforest
Brong Ahafo 5.265 77 - 77 42.525 4¢ 8 54 72.495 11 88 99
5. Guinea Savanna
Northern 14.5€n - - - 51.435 76 13 o] - - - -
Northern Guinea S.
Upper 17.0lo 24 - 24 20.655 51 14 65 - - - -
Northern Guineca S.
Total 55.080 29 172.530 8o 359.640 99
cont. '~




Table A 1 b - GIANA cont.' - Inpostance of Crop Mixtures
-3 Percentage of areas of rain crops ¢rown in mixtures
1
Cassava Croundnut Cowpea
Region Total * mixed Total % mixed Total T mixed

ha pred. subs. total ha pred. subs. total ha pred. subs. total
Western a3.335 22 64 gg | - - - - - - - -
Rainforest ° -
Central 38.070 22 55 77 - - - - - - - -
S. Cuinea Savanna
Eastern -
S. Guinea Savanna £7.885 2 61 81 - - - - - - - -
Volta 60.750 16 54 71 4.860 33 33 66 - - - -
S. Guinea Savanna
Ashanti 53.053 28 62 % 2.025 20 60 8o - - - -
Rainforest
Brong Anafo - _ _ _
S. Guinca Savanna 35.640 15 64 79 4.860 25 33 58
Northern .
Northern Guinea S. 5.265 - 85 85 2l.060 37 56 93 8. 900 5 95 lco
Upper - I
Northern Guinea S. 2.025 100 loc 64.385 65 14 79 112.185 2 9& loo
Total 326.025 82 98.0lo 8o 121.055 8o

cont. '-
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Lortance of Cron Misturces

" Percentace of areas of rain Crops <rown 1n mixtures
Bambara Nut + Plentarr Nilgals
Region Total L mared fctal : _ Total L mdxed
ha prod, subs. total ha pred. subs. toral ha rred. subs. tota

western - - - - 55.080 14 84 loo 11.735 7 23 31
Rainforest

Central 2 a0 . Y 3 'G
S. Guinea Savar 33.02c 13 [s13) loo ey el 6 &3 Ly
Zastern . - - .

S. Guinea Sav. - 82.620 15 85 loo 12.960 6 88 94
Volta - - - - 9.315 8 91 99 lo.530 4 62 G6
S. Guinea Savanna

Ashanti - - - - 299.295 11 89 loc 52.245 2 98 loo
Rainforest

Brong dhafc -

S. Guinea Savanna 95.175 & 94 loo 16.200 o] 95 95
lorthern _ _ _ - _ _ _ _ _ _ _ _
Northem Guinea 3.

rper 5 753 A A - - - - - - - -
Northe:n Guinea S. 28.755 2 6 loo

Total 31.5% 96 575.505 97 110.970 87
Source: Ghana Sarple Census of Acriculture, Accra 1870







Table 4 5 a Crops and Useful Plints,Survey in Selected Farms of
lvino Farms Located in the Derived Savamna,

¢
o

‘arvin. Crorwing Intensities in Commound and Out-

Belt Zones of Kastem mideria

LY97

c.5¢
ROOTS /D TUBERS
Dioscorea rotundata (/.ra) “ “ - “ “ w o
Dioscorea rotundata (Shi)
Discorea rotundata (Crom)
Dicscecrea alata
Dioscorea cavenensis
Diocscoraea bulbifer
Dicscorea dumetorus
Dicscor2a esculenta
HManihot esculenta
Ceclacasia esculenta
ranthosoma sacittifoli
Iromoea batatas

X

~l ) e Oy

3
7
3
3
5
G

~1 0

1

(EPEALS AD OTHER . i :
STARCHY STalls : ‘ : i

Zea rays x x x ¥ O ST P % o
Scrchur vulgare ~ e
Orvza sativa
4usa sapientum var. : ;
1chwel = w .

e var, :

-

“

B
x
<

® ol
P

Araranthus hybrid
crucntus x by ~ ; Lo

fmaranthus viridis : ! w

X
o

ccnt.



Table A 53 & Croes and Useful Plan LS. Survess in Selected Farms of Varsing

Outlving Farms Locat in thce Dorived Savanna, Transiticn a

in Comomound and
Eastern Nigeria

Crops and Ctier
] . : |
Corcherus olitorus | 2 : . i P, =
Solangr racrocarion y 2 “ P ; : ! >
Solanur sp. ; { !
Telreria occidentalis “ B % V =
Tal o trianqulare . ; : '
Verroma amyadalina : B ; [ 1 P
Cucariinta popo [ x i [T o B4
Hitascus esculentus x P > fx % ox = : : = =
¢ia insularis X ’ ! i ; f ‘
Capsicu frutescens ¥ x ; ! I P I
eopersicon esculentun x X X o x o / : : o
Proerocarpus sovawsii < | b3 b X odwo ! i ®
PLorecarpus osun e ® o lw ! : 2
r’tcv ocarpus santaralinoides : P i bx ! i1
x x o fe 17
i = olwoom x ! : 22
| i “
b i [
! X | : G
! : !
[EGLES XD PULSES 1 ! i
Vicna unquiculata X X X X b 21Xy : a4
srachis hypogaea x x I b [ 22
Phaseclus lunatus X x » i x - t 29
Hucuna urens » P ® o e 39
Spherostylis stenocarpa ! X » 4 17
Pentaclethra macres kN b3 B ¥ o i wim |y ! k2
OIL PLAS,NUTS AD TRUITS i i :
Dacryales edulis “ : v f 2w bx 35
Elacis quineensis “ > ¥ . e LTI . 61
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Table A 5 a Croms and Useful Plants. Survey - T g O plntensivies i Carmound and
Outlving Farrs Located in the 3 Zastern Niceria

697

{ — IR
o3 ! N c
i i o P S B
; [ ‘ls 17 'lg
Crops and Cther Plants i
P T oA 1 ; . R
©-52 c.eccit gucls C.Cs C.01:G.1' 0.5 G.C4
Citrus sinensis = ! Cox by 36
Citrus aurantifolia ' i 17
reticulata | 11
Carica papaya “ i k-
vllur albidum ® 22
Swreepalun dulcificen ® 6
Treculia africara “ % b
Cuewreropsis edulis * bd bY bd 3c
Colocmthis vulgaris X p B a4
Cucos nucifera ks 23
SNANAS COPOSUS x bt R b 3
Hangifera indica B ! b 22
Tetracarpediurn concohorum: b | Mo 17
Dioscorcouhyllun cormunsii | x b 11
Purseda grericana X ] o= 17
Irvinagia gabonensis x ! il
Spondias morbin * X % = ' N 33
Dialium wcuinevnsce * be ! 1
Bucenia sp X €
Syziaium cumini b G
Cola lepidota bd o
Cola pacdhiycarpa 6
Afraromua sceptrm x b4 11
Psidium quajava X x X % 27
Brachystegia curycora ® 6
Annona muricata X £
Artocarpus incisa X 5
SPICES /2D BEVEPAGES
)
Afranceam meloqueta { x x 1 X x 17
Ricinus communis x X X i 4x Lx X i | ‘ 33
Cola acuninata z ' ¥ X tx x ! X ix x 44
: : i

cont.' -
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Table A 7 Charccteristics of the Bioclimatic Regions of West Africa (Adooted Fram KOWAL and KASSAM, 1978)
Sahel Sudan Savanna Guinea Savanna forest

Characteristics Northern Southern Northern Southern

Renge in annual

p,egipitation {rmm) o-350 350~300/600] 500/ 600880 880-1200/1300| 1200/136.~1500/1600 > 1500/1600

Length of the

rainy period {days) o-68 68-95/102 |95/102-140 140-187/200 187/200-229/244 229/244~ (270)

Length of the 1 ~

growing period (days) >~75 75-89 30-179 180-239 240-269 270-365

Solar radiation

during the rainy

period 1 -1

(cal am ~' day ~ ) 523-478 478-464/ 460| 464/460-439 439-416/408 416/ 408-394/386 £ 394/386

Evaporation {(Eo)

during the rainy o

period (mm/day) 7.3-6.6 6.6-6.2/6.1[6.2/6.1-5.6 5.6-4.9/4.7 4.9/4.7-4.3/4.1 <4.3%/4.1

dain soil types Sands-Arid | Arid brown Non-leachedz) Leache§ Concret ionary Ferrallitic

hrown ferruginous ferruginous ferruginous, Ferri-

i . i - sols, Ferraliitic .
Main food crops - Millet Millet, Sorghum Sorghum Maize,Yams, Sorghum S:iizva, Plantain
Main export crops —_— Groundnut Cotton Soya bean, Sesame Coffee, Cocoa, Rubber
Physiognomy Open thort |Open thorn [Shrub Open Savanna | Ligbt forest, open High, dense, ever-

Savanna Savanna woodland woodland woodland evergreen forest
1) Fap, 1978

2) French classification; Sols ferrugineux tropicaws
Sols ferralliticues
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Table A € a - Camnercon

Intercropping Systems in Jest African Countries

Principle Cropping Svstems within Aministrative Resp.

Ecological Eegions

Region to.of Perer.nial Basic Major Minor Divers
Climatical Zone Growing Crops an Crops Crops Crops Crops
Seasons Mixtures *)
tord 1 Maize Sweet Potato
S+ NG Sorghur Millet Rice Sesarr
Greundnuat Cowpea 2) Okra *}
3arkara Beans | Roselle 3)
Pepper 6)
Cassava
Est 2 Yam Sweet Potato
RF + T + SG Coffec Cassava Maize Grourdnut Melon
Cocoa Coooyam 1) Cowpea Tcrato
Oilpalms (Tchacoo) Ckra, Pepper
Fola Plantain Sucarcane
Centre-Sud 2 fam
RF + T + SG Cocoa Cassava Maize Sweet Potato | Oxra
ffee Vocoyan Cowpea Pepper
Oilpalm Tomatc
Kola Flantain Mclon
C.roundnut
Littorale 1 Cotfee Cassava laize Yeaa Oxra
RF Cacoa Cocoyam Sweet Pctato | Pepper
Oilpalrs Plantain Groundnut Tamatn
Kola Cowpea Meon
Ouest 1 Coffee Maize ‘an Cassav Potato
TH avocado Coceyam Sweet Potato | Okra, Pepper
Kola Grourdnut Plantain Tamate, Melon
Citrus Beans 2) vegetables
Nord-Ouest 1 Coffec Maize Cassava Groundnut Potat~, bDeans
TH Avocado Cocoyam Cowpza Crra,Pepper
Yam Rice Tamato
Plantain Vegetables
Sud-Ouest 1 Cofte Cassva Maize Okra, Pepoer
RF Cocou Cocoyam Sweet Potato | Tomato
Oilpalms Plantain Cowpea Melon
Kola

leyered: sce Table 8g

*;

:s2 of nutrition / base alimentaire
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Table A 8 b - Nigeria

Region No. of Perennial Rasic MAajor Minor Divers
(State) Growina Crops 1n Crops Crops Crops Crops
Climatical Zone CEasans Mixtures
North 1 Shea Eultor” Sorghury, ralles) Malze Roselle
(Sckoto, Kane, Sormo) Millet Serahu
NGor 5S Crovrvinet Fice Tomato
Corataza Pepper
Jweet Potato
Cassava
Contre 2 Maize Sorghan Comyrza Barbara Bean
(Kwara, Niger,Kaduna, Groundnut Sweet Potato
Plavcau, Bendel, Adamawa) Socame Potato
SG o+ TH Sova B Omra
Rice Tormato
Cassava Melon, Pepper
South West 1/2 Coocoa Cassava Maiz Cewpxea Groundnut.
(Oye, Ogun, Ondo) Cilpalm Yar Melon Orra
SG + T + RE Citrus Cocoyam dece Sweet Potato
Kola Plantawn Pepper
Soutih East 1/2 Oilpalm Yam Cassava Cowpea Groundnut
{Cross River, Ananbra, Kola Mayze Melon Okra
Iro) Cocoyam Pice Sweet Potatc
S5 + T + R Plantain Pepper

Logend: see Table 8g
1)= Butyrespertam parkii (Karité)

Source:  Agricultural Atlas of Nigeria




6L7

Table A 8 ¢ - Benin

Region tio.of Perennial Basic Major Minor
Climatical Zone Growing Crops in Crops Crops Crecps
Seasons Mixtures

Atacora, Borgou 1 Shea Butter Sorghum Maize i

NG Tam !

Barbara Bean

Zou 2 Oilpalm Yam Mayze Groundnat

SG Cassava Cirgaca
rMonc, Atlantique, 2 Oilpalm HMajze Cassava Greundnut
Ouéma Citrus Comgr-a

SG Plantain

Legend: see Table 8g
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Table A 8 £ - Ivory Coast

Region No.cf Perennial Basic Major Mincr Div.ors
Climatical Zone Growing Crops in Crops Crops Crcos Crops
Seascns dxtures
ord-Cuest 1 SA wa Butter Sorghurn Yam
(Gdicnne-Boundiall) laize Rice Millet Orra
NG Groundnut Cowrea Popgaer
Melon
Suavame - 1 Saison 1 Shea Butter Sorght Majze Yar
{(FYorhovo-Ferkessaedougou) M211s Swost Potato Foczlle
N Rice Comyacs Orra
Jrou:“.c: Popacr
Nord-Est 1 Shea butter Yam Sorghur $5aV, Coviaza
{Eouna-Bowndoukou) Millen Face orra
NG Maize e
Grounanut
Savane - 2 Saisons 2
(Seyuela-kKatiola) Yam
SG Rice Qro Lndnut
Sweet Potato
Ouest 2 Coffee Rice Maize Groundnut
{Touba~Eiankouma) Ya Swect Potato
SG
Centre-V Baoule 2 Coffee Yam Groureinet
(Bouaké) Ricw
S+ T
Centre—Ouest 2 Cocoa
(Daloa-Baouf lé~Gagnoa) Coffee Yam
RE Oilpalm
Cassava
Sud=-Cuest 2 Locoa Cassava Rice
(Man~sSassandra-Divo) Coffee Marze Cowpca
RrRC Oilpalx: Plantain Crra, Mzlon
Cocovan Porpcr
2 Cocoa Plantain Cassava Yar
1303 Coffee Cowyaza
RE Oilpalm Groundnu Crora, Melon
Porgor
Frange—Cotiere 2 Coconut Cassava Maize Groundnut Comynza, rra
Source: IRAT, 1979 Leoend:  see Tab '~ 8
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Table A 8 g ~ Upper Volta

I
Rexgion No. of Perennial Minor ;. Divers
Climatical Zone Growing Crops in Crops ; Crops
Seasons Mixtures
Est 1 Sh=a Butter Groundn

SS

Centre
{Centre—Ouest, Est,

Shea Ba

I3
t
[
”

EBarl.-ra heans

Malee

Sroundng
Bundaard e
Rice

Malze

Nord
(Centre—tiord,Nord,
Sahel)

SA

Groundnut

Ouest
(Volta Noire)
NG

Shea Butter

Groundnut
JEENR ST

Flce

Sué-Ouest
(Sud—-Ouest,
Hauts-Bassin)

NG

Sesan
Crra,Rosclle

SHCot Potato
Sesiee
Orra,oscllc

setables

onra,roselle
Tubacen)

Potatn

Fonio
Orra,resc: le
Pemsr,

Sagar cane

Source: LASSITER, 1980, Atlas e la Haute—

1) Digitaria exilis

‘olta, Jeune Afrique

- cont.'
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- mnt.' -
Table 8 g - Legend
RF - Rainforost 1} = Colocasia sp. + Xanthosama sp. ( Taro + Macabo)
T = Transitior. Zone 2) = Phaseolus ‘rulgaris
SG = Southern Guinea Savanna . , cor s
NG = Northern Guinea Savanna 3) = Vigna unmiiculata (Niéb2)
SS = Sudan Savannz 4) = Hibiscus esculentus (Gombo)
TH = Tropical Highlands . . .
SA = Gahel 5) = Hibiscus sabdariffa (Oiselle)

6) = Capsicum spn. (Piment)



Table A Y a Principle Cropping Systems in [vory Coast

Plantain-fased Lropping syst

PRINCIPAL ASSOCIATIONS ¢ ot total
SURFACE
plantain, (sole) 1.3
coffee, plantain 12.8
coffee, cocon, nlant un lo.o
cocoa, plantain, cocoyam 8.6
caved, plantain 8.1
cocoa, cof fee, plantain 7.4
coftee, plantain, cocoyam 7.0
coffee, plantain, pincapple 4.7
coffee, plantain, banana 4.5
| cocon, plantain, hinana 2.7
oo, plantain, pineapple 1.7
cotfee, pincapple, plantain 1.6
cof'tee, cocoyam, plantain 1.5
cassava, plantain 1.3
CoCod, cocoyam, plantain 1.3
coffee, plantain, cocoa 1.2
coffee, plantain, cassava 0.9
coooda, plintain, coffen 0.8
coffee, banang, plantain 0.5
plontoin, cocoyam 0.5
cassava, plantamn, coceyam 0.5
plantain, cocoyam, vegetables 0,4
other associations 20.8
TOPAL SRR 248 207 ha - loo.o

Source: Recenscment National de 1l'Agriculture,
Abidjan, 1973/74
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Table A9 b Cassava-Based Cropping Hystems

PRINCIPAL ASSOCLIATIONS 4 of total
SURFACE
cas.a {sole) 22.1
PCe, madze, cassava 7.6
rice, cassava, maizo 7.4
YA, CdsSSava 3.8
Cassavd, plantain 3.5
maive, cassava 3.1
cot fec, plantain, cassava 2.4
v, cascava, voegetables 2.2
cansava, viegetablos 2.0
e, eassava, vaegetables 1.7
cassava, maise 1.7
CUGAV,  Cocovan 1.4
coniava, plantanmn, cocoyam 1.3
plantain, cansava 1.3
Ve, Cassava 1.2
cotfeo, cassava, plantain 0.9
cansava, plauntain, hanana 0.8
Cotffue, cassava 0.8
ather assaciat ions 34.6
DOPAL T 103 311 ba = loo.o

2806



Table A Y ¢ Maize-Rasad Cropping Systems

PRINCIPAL ASSOCTIATION:, % of total
SURFACE,
maize {sole) 11l.0
rice, maise 20,1
maize, millet 6.1
yam, maize 5,2
rice, maize, cassava 5.1
rice, cassava, maize 5.0
vice, miive, plantain 2.6
moeie, rice 2.4
HAlle, cansava 2.1
gqrotndnut, maize 1.7
yom, maive, vegetables 1.6
wmarze, sorghum 1.5
maize, cassava, vegyotables 1.2
LI LG, Al e 1.2
sorghum, maize 0.8
yvam, vegetables, maize 0.8
yam, rice, maive o.7
yam, maaze, rice o.7
vam, malze, cassava 0.6
cot'tee, rice, maize 0.6
mitze, vegetables 0.5
rice, malie, sorghum 0.5
millet, maize 0.4
groundnut, maize, cassava 0.4
othor associations 27,1
TPAL TP 131 076 ha loo.o
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Table A 9 Yam~Based Cropping Systems

PRINCIPAL ASSOCIATIONS % of total
SURFACE
yam (sole) 12.9
yam, maize 8.3
yar, vegetables 5.2
yam, cassava 4.1
yam, rice 3.4
yam, maize, vegetables 2.5
yam, cassava, vegetables 2.3
yam, vegetable, cassava 2.2
coffee, cocoa, yam 1.9
yam, nillet 1.5
van, voaotabloe 1.3
coffee, yam 1.3
yam, cocoyam 1.2
yam, vice, maize 1.1
yam, maize, rice 1.1
yam, maize, cassava l.o
cocoa, yam, plantain 0.8
yam, millet, voactables o.7
yam, maize, millet 0.5
yam, sorghum 0.3
other associations 46.5
TUTAL SUNEACE: 301 641 ha = lon.o
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Table A 9 ¢ Cropping Systems Including Cocoyam

(Colocasia esculenta  and Xanthosoma sagittifol fum)

PRINCIPAL ASSOCIATIONS % of total
SURFACE
cocoyam (sole) 0.8
cocoa, plantain, cocoyam 19.3
coffe +, plantain, cocoyam 15.7
coffee, cocoyam, plantain 3.3
coffee, cocoyam 3.0
cocod, cocoyam, plantain 2.9
ffee, cocoa, cocoyam 2.5
cocoa, coffec, cocoyam 1.7
cocoa,  covovam 1.6
plantain, cocoyam 1.1
cassava, cocoyam 1.1
cassava, plantain, cocoyam l.o
yam, cocoyam 0.9
plantain, wm, vegetables 0.8
cotfee, cocoyam, vegetables 0.6
plantain, cocoyam, cassava 0.4
maize, cassava, cocoyam 0.4
yam, vegetables, cocoyam 0.4
yam, maize, cocoyam 0.3
other associations 42.0
TR SUEPACH: 401 234 ha - 100.0
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Table A 9 f Rice-Based Croppina Systems

PRINCIPAL ASSOCIATTONS % of total
SURFACE
upland rice (sole) 20.6
lowland rice (sole) 2.8
irrigated rice (sole) 1.7
rice, naize 27.2
rice, maize, cassava 6.9
rice, cassava, maize 6.8
rice, maize, plantain 3.6
mais *, rice 3.3
yam, rice 2.7
rice, maize, vegetables 2.1
yam, rice, maize 1.0
yam, maize, rice w.9
rice, maize, sorghum 0.7
maize, rice, secrghum 0.4
tice, sorgim 0.4
maize, rorghum, rice 0.3
other associations 18.5
TOUPAL SUREACE: 145 GBH ha = loo.o
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Table A 9 g Sorghun-Based Croepping Systems

PRINCIPAL ASSOCIATIONS % of total
SURFACE
sorghun (sole) 27.7
maize, sorghum 14.9
sorghum, naize 8.0
rice, maize, sorghum 5.2
sorghun, beans 5.0
maize, sorghum, (roundnut 3.3
maize, rice. sorghum 3.1
rice, sorghum 2.8
sorghum, groundnut, beans 2.7
mive, sorghum, rice 2.4
yau,  sorghm 2.0
sorghuamn, maize, okra 1.9
sorghum, millet, chilly pepper 1.7
sorghum, maize, beans 1.3
maize, mitlet, sorghum 1.3
sorghan, lxeans, maize 1.1
other associations 15,6
TOTAL SURFACH: 49 99 ha - loo.o




Table A 9 h Cropping Systems Icluding Millet

PRINCIPAL ASSOCIATIONS % of total
SURFACE
pearl millet (solo) 19.0
maize, millet 39.0
yam, millet 5.9
yvam, millet, okra 2,7
millet, maize 2.7
ygroundnut, millet 2.5
millet, bxeans 2,2
yam, maize, millet 1.8
groundnut, maize, millet 1.8
maize, millet, hbeans 1.8
malze, groundnut, millet 1.4
sorghun, millet, chilly pepper 1.1
maize, millet, sorghum 0.9
maize, millet, groundnut 0.8
yam, millet, bambara nut 0.8
other associations 15.4
TOPAL SHIPFACE: 75 077 ha = loo.o
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Table A 9 i Crcpping Systems Including Groundnuts

PRINCIPAL ASSOCIATTONS % of total
SURFACE
grouxdnut (sole) 36.4
groundnut, maizc 14.3
groundnut, millet 3.4
groundnut, maize, cassava 3.3
maize, sorghum, yroundnut 2.9
maize, groundnut 2.9
groundnut, maize, millq', 2.4
sorghum, groundnut. ba2ans 2.4
cassava, groundnut 2.3
groundnut, cassava 2.1
cassava, groundnut, millet 1.8
groundnut, miize, vegetables 1.2
maize, millet, groundnut 1.1
other associations 23.5
AL SURFACE: 56 423 ha - loo.o
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Table A 9 k Yam Based Cropping Patterns in Eastern Nigeria

Data of 30 loldings in Amapu Village

Crop or Crop Mixture Acreage
Water yam 0.8o
0ld cassava 0.89
Nuw cassava 0.50
Yellow yany/new cassava 3.97
Gowrd/new cassava 0.29
Yellow yany/ groundnut 0.50
Whitce yan/noew cassava 0.58
White yanw/okro 0.08
Water yam/new cassava o.lo
vYellow yam/cocoyam 0.06
Yellow yam/old cassava 1.20
white yan/cocoyan 0.14
White yan/trifoliate yam 0.44
Yellow yan/new cassava/melon 1.17
Yellow yan/trifoliate yam/fluted pumpkin 0.36
White yam/maize/fluted pumpkin 0.05
White vanvtrifoliate yawmize 0.34
Water yam/new cassava/okro o.11
Yollow yan/old cassava/maize 0.29
Yoellow yam/groundnut/new cassava l.06
White van/old cassava/maize 0.13
White yan/new cassava/maize 0.32
Yellow yan/~id cassava/melon 1.97
Yellow yanw/water yam/trifoliate yam l.03
Wnite vanvwater yan/cocoyany/ [luted pumpkin o.30
Total 16.68
Average per farmer 0.55

Source: UZOZIE, 1971
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Table A lo Maturity Period of Crops

Cereals

Sorghum, in the Swdan Savanna
" , in the S.Guinea Savanna

Millet, carly
" , Iato

"0 20 season, short cyele types
Rice
Hungry rice (D. exilis)
Lequmes

Groundnut, runner type (Spanish or valencia group)
" ¢ bunch tape (Virginia group)

Cowpea ,  spreading wndeterminate
! » o orect, determinare

Bambara nut

Soya bean, inproved, non-photoperiodic cultivars
Phascolus bean, lowlands

Pigeon pea

Root and Tuber Crops

Cassava

¢ tor processing

Yam , (D. rotundata)
", (D, alata)

Cocoyam  (Colocasia csculenta)
" (Xanthosoma saqgittifol fum)
Sweet potato
Other crops
Banara/Plantain
Suglar cane

¢+ ratoon crop
Pepper

Okra

Sesame

llo
120

90

120
<loo

120

<12

14
12

loo
180

120
90

160
120

lo5
145

loo
150
llo
120

Source: Kassam 1976, 1979
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Table A 11 List of Botanical Names of Crops and the Fespective English and French

Camon Names Use<d in West Africa

Coffea arabica L.

Coffea canephora Pierre ex Froehner
Cola acuminata Schott et Endl.
Elaeis cuincensis Jacqu.
Mangifera indica L.

Musa (sapie-~tum L.)

Musa (paradisiaca L.)

Parkia clappertonia Benth.
Parkia biglobosa Benth.
Pentaclethra macrophylla Renth.
Persea americana Mill.

Thecbrama cacao L.
Cereals

Digitaria exilis Stapf.
Oryza glaberrima Stewd.

Orvza sativa L.

(Arabica) Coffee
{Robusta) Coffee
Kola

Oilpalm

Mango

Banana

Plantain

Locust bean, dawadawa

" " "
Oilbean

Avocaao

Cocoa

Hungry millet ({rice)
African rice
Rice-lowland
Rice-upland

Botanical Name English French
Perennials (Tree Crops)

Butyrospermum parkii (Don.)Kotschy Sheabutter tree Yarité
Carica papaya L. Pawpaw, papaya Papayer
Cocos nucifera L. Coconut palm Cocotier

Cafiner (arabica)
Caféier (robusta)
¥olatier
Palmier & huile
Manguier
Bananier (uouce)
Banars plantain
Nersz

"
Ovala, mubala
Avocatier

Cacaoyer

Fonio
Riz 'locale)
Piz (has-fonds)

iz (pluviale)
t
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Table A 11 cont.' —-1-

Botanic Name

English

French

Pennisetum typhoides (Brum.)
Stapf et Hubbard

Sorghum vulgare Pers.
lequies

Arachis hypogea L.

Cajanus cajan (L.) Millsp.

Cajanus indicus Spreng.
Cicer arietinum L.
Glycine max (L.) Merr.

Mucura pruriens D.C.var.utilis
fi~1l.ex Wight) Baker ex 3urck.

Vigna mungo (L.) Hepper
(Phascolus munge (L.) Hepper)

Vigna radiata (L.) Wilczek
{Phaseolus aureus Roxb.)

Phaseolus vulgaris L.

Vigna unguiculata (L.) Walp.
Voandzeia subterranca (L.) Thou.
Root and Tuber Crops

Colocasia esculenta L.

Dioscorea spp.

Dioscorea alata L.

Dioscorea bulbifera L.

Dioscorea cayennensis Lamk.
Dioscorea dumetcrum (Kunth.) Pax
Dioscorea rotundata Poir.

Millet, pearl millet

Sorghun, gquinea com

Groundnut
Pigeonpea
Chickpea

Soya bean

Velvet bean, black Mauri-
tius bean

Black gram, Urd
Green gram, mung bean

(French) bean

Cowpea
Bambara groundnut, earth pea

{01d) Cocoyam

Yam

Water yam, white yam
Perial yam

Yellow yam

Bitter yam, T- ifoliate yam
White (ear”y) yam

Mil, petit mil
Sorgho

Arachide

Pois d'Angole, ambrévade
ou pois Congo

Pois ciche

Soja

Pois mascate, pois &
gratter

Anbérique, pois ou
haricot mungo

Haricot velu,
ambérique

Haricot (commumn)
Niébé, haricot dolique
Voandzou, pois bambara

Taro

Igname

Igname ailée, igname tardive
Igname bulbifére

Igname de Cayenne

Igname trifoliée

Igname de Guinée, i. précoce

cont.’
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Table A 11 cont.'-2-

Botanic Mane

English

French

Ioomoxea batatas Poir.,

Manihot esculenta Crantz
Sclanuan tiiaer
Xanthosama sagittifoliun  Schott.

sium L

Vegetables

fmaranthus spp. (A. thunbergii Mog, Bondue)
Capsicum annuum L.

Citrullus spp.

Citrullus vulgaris Schrad.

Corchorus spp. (C. clitorius)
Cucurcita spp. (C. pepo L.}

Hibiscus esculentus L.

Hibiscus sabdariffa L.

Lagenaria vulgaris Seringe
Lycoparsicon esculentum Mill.

Solanum spp. (S.nigrum, var. guincense)
Talinum triangulare Willd.

Divers Crops

Ananas caosus (L.) Merr.
Gossypiun hirsutum L.
Niocotiana tabacum L.
Sesamum indicum L.
Saccharum officinale L.

Sweet. potato
Cassava

Irish potato
(New) Cocoyam

African spinach
Red popper, chilly
Melon

Melon

African spinach

Purpkin, rarrow

Orra, lady's finger

Roselle
Calabkash
Tomato

African spinach
African spinach

Pineapple

Cotton

Tobacco

Sesame, beonniseed
Sucar cane

Patate douce
Manicc
Pame de terre

Macabo (in Carerocn)

Epinard a’ricain, amaranthe

Piment (o Cayenne)
Melon, pastdgue
Melcon

Fpinard africain

Courge, couraotte, ocitrourll

Garbo
Oiselle de Trundw
Caicbasse, gourde
Tomate
Epinard africain
Epinard africain

Ananas

Cotcn

Tabac

Sésame

Canne & sucre




‘able A 12 Consunption Chart of a Shifving Cultivator's Family

An Manhaua, Mozambiguo
Product T234567891011 12
Crops produced L;.'mfl'.;“i:;lh\‘i‘l‘}:— T |
(1) Staple foals containing starch
Manioc X X X X N X
Matze in milk yiponess X X
Haize as ripe corn X x
Rice X X
Sweet rotatoes X X X
Sorghum X
Sorqhur-corn (eeumug o) X
Sorghuncane {(maele) X X
(2) Staple foods containing vrotein
Beans (foer boer) X X
Beana {juao) X
Feans  (nmanteioa) X
Green v (Fovr boer) X X
Green beans (nyvemia) X
Groeen beans (jugo) X X
Mantoe Jeaves XXXXXXXXX X X X
Sweet potatoo leaves X X
Bean leaves of all kinds XXX XXX
(3) Additronal roods and spices
Ornions X X
Torvitoe: X X
Gherking X
Aubevagine (0 Finds) X X X
Ouiabo (e cseulentus) X
Croundnut s XX XXX X
SUCL ~cdane X
Prarpking X X x
Sorahtrecane (ceununaa) X X

Source: POSSINGER, 1967 cited from RUTENBERG, 1980
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Table A 13

List of Institutes and Pescarchers working on

Intercropping in West Africa

Country

Institute

Came

Beni

Togo

Ghan

Haut.

Nigeria

roon

n

M

COte d'Ivoire

e-Volta

Institute of
Agric, Research
Samiary, Satia

11TA, Ibhadan
Univ. of ife
IAR & T, [Ladmnm

National Cereals
Rescarch Institute

Univ. of Nigeria,
Nsukka

Nigerian Inst. for
01l Palm Research

y

FNSA, Yaoundd

IRA

SODECAO**
UCCAO**

Praught Cattle
Program, Bamenda

Unité de Recherche ot
de Production Niaoulid

CARDER At lantiquor*
IRAT
SOTOQ0

Crops Rescarch
Institute

(Furasi and Nyonkpaia)

Univ. of lLegon

[CIISAT

SAFGRAD

[FAT

Projet Phosphate
de ta Baute=Volta

IThadin

Rescarcher Subjocts
NMomman * Foonomics
Ahalu FEoonomics
D'Silva Economies
Androws®, Baker*, Agronoy
Fisher, Kassam* Broeoding
Okigto Foonomies
Wilson Agronony
Taylor Plant Pathology
Adelana Agrononty
Romison* Agronamy

Igbozurike
Remison

Dogmo

Mut saersh

Praquin*
Salez
Lyona

Mictte

Simon

Garman team

Djequi
Gorman team
Latrille

NN

Koli*
Corman team

Doku

Hatlon

Brockman*, Cantrel!
Morant

Moeteaer

(Corman Lteam)

(Fertility)

Foology

Aqronony
(Foertility)
Lconomics
Agronony

Agronomy
Agronony {Loaqumes)
Agrononry
{Poot and Tulwers)

Agrononry

Agronoiry’
Agronony
Agronomy
Agronomy

Agronony
" , Bronomics

Leoncnie:s

Feonaoties
Aqronony
Adgrononty’
Agronopsy’

*

0

has left

the institute / ** oxtension services or development

ACNCICs
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Al Clirates of West Africa (From HARRISGN CHURCH, 1980 and “Atlas de la République
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Figqure A 2 Annual Fainfall of West Africa (Data of 95 Stations, Minimum Period of
lO Years) (HARRISON CHURCH, 1980)
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GHURCH, 1980 and

Figure A 3 Veaetation Zones of West Africa (From HARRISON
"Atlas de la République Unie du Cameroun)
" Suharan To°
—+— R S ; N L
120°N

tal

! Coas

Senega
/\‘

Southern Saharan

10°N
0 100 200 400 600
N N kms
& Mongrove Forest PRINCIPE # [ -------- Tl
=4 __ N.limitot é
w | Deriveg Savannah SADTOME ¥
Eq. Eq|




Figure A 4: Two- and threedimensional cropping puatterns
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The government-owned (GTZ operates in the field of Technical
Cooperation. 2,200 German experts are working together with partners
from about 100 countries of Africa, Asia and Latin /ymerica in projects
covering practically every sector of agriculture, forestry, ecoromic
development, social services and institutional and material infra-
structure. — The GTZ is commissioned to do this work both by the
Government of the Federal Republic of Germany and by other govern-
mentor semi-government authorities.

The GTZ activities encompass:

- appraisal, technical planning, control and supervision of technical
cooperation projects commissioned by the Government of the
Federal Republic or by other authorities

- providing an advisory service to other agencies also working on
davelopment projects

— the recruitment, selection, briefing, assignment, administration of
expert personnel and their welfare and tecl nical backstopping
during their period of assignment

— provision of materials and equipment for projects, planning work,
selection, purchasing and shipment to the developing countries

~ management of all financial obligaticns to the partner-country.



