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Preface
 

Due to growing concern over the world food situation, mul
tiple cropping is receiving more and more attention in the
 
developing world as well as in some developed countries. It
 
is now recognized that the introduction of well-planned
 
multiple cropping practices is one of the more feasible
 
ways of raising agricultural production in the tropics.
 

As defined in this book, multiple cropping means growing
 
more than one crop on the same piece of land during one
 
calendar year. It is not a new concept. Rather, it is an
 
age-old method of intensive farming, found throughout the
 
tropics, by which land-use and labour productivity are
 
maximized.
 

In the context of greatly increased interest in higher
 
food production, stemming from recent food shortages and
 
bleak production forecasts, multiple cropping has a strong
 
link with two particularly significant phenomena which have
 
attracted a great deal of public attention in the last
 
decade - the "Green Revolution" and the "Energy Crisis."
 

The Green Revolution involving rice and wheat, is
 
commonly associated with the introduction of high yielding
 
varieties, and nct with other aspects of the production
 
system. However, one important lesson agriculturalists
 
have learned in the past decade is that the improvement of
 
one production factor does not, by itself, lead to higher
 
output; the major impact of the new varieties on production
 
occurs only when cultural practices and cropping systems
 
are improved simultaneously. Substantial production increa
ses can, therefore, be expected when the new varieties are
 
used in multiple cropping systems, especially when better
 
overall resources and support services are available.
 

Multiple cropping, in essence, represents a philosophy of
 
maximum crop production per unit of land by producing seve
ral crops within one calendar year, maximizing use of avai
lable solar energy and other natural resources. Solar
 
energy is abundant in the tropics, while fossil energy is
 
usually scarce. Multiple cropping, therefore, seems most
 
appropriate with the present shortages of fossil energy.
 

Multiple cropping and farming systems are complex;
 
currently only scanty research data are available and com
preher.sive studies are called for. However, comprehensive
 
studies of all parameters involved are not yet Feasible
 
because it would be unyielding. But, at the minimu.-,, an
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intuitive knowledge of interacting factors is essential and
a philosophical, rather 
than an empirical, approach has
often been used. 
 This is particularly true 
in the discussion of socio-economic aspects 
of whole multiple cropping
 
systems.
 

Many questions have been raised in this book, but not all
have been answered. On occasion, I felt it was 
sufficient
to raise a question and bring it to the
the attention of
reader. 
 At other times, the answers 
are still not available, but it 
seemed worthwhile, nevertheless, to touch upon
the matter. My approach 
has been multidisciplinary in
order to try 
to make the book attractive to 
a broad readership. Specialists 
may feel that I have sometimes only
skimmed the surface of the topic, but this 
was a deliberate
strategy, 
and I hope that this 
book will also prove useful
to the specialist, 
since it explains how his particular
speciality fits into the broad and complex scheie of tropi
cal farming systems.
 

I accept all responsibility for 
errors and omissions and
welcome suggestions for improvements.
 

Wzelem C. BeetA 
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I Introduction
 

TROPICAL FARMING SYSrEMS INGENERAL
 
The many forms of agriculture found throughout the world
 
are the result of variations in local climate, soil, eco
nomics, social structure and history. Water balance, ra
diation, temperature and soil conditions are the main de
terminants of the physical ability of crops to grow and
 
farming systems to exist. Human factors that play dominant
 
roles include social, economic and political considerations
 
such as tradition and religious convictions; prices and
 
ease of transport; the existence of marketing channels;
 
stability of prices and availability of capital and credit.
 

Farming systems also depend heavily on the character of
 
production, i.e., whether the crops are produced in a sub
sistence or a commercial economy. One of the main features
 
of subsistence farming is that the farmer has to produce
 
crops in order to live. Consequently, he often resists
 
changing production methods since, when the changes turn
 
out to be unproductive, his livelihood and survival are
 
threatened.
 

The way crops are grown further depends on the level of
 
technology and the land area available. At high levels of
 
technology and land abundance there is generally a high
 
level of mechanization, and uniformity of land, soil ferti
lity and genotype are needed. On the other hand when land
 
is scarce, cropping systems tend to be more intensive and
 
less mechanized.
 

When the above broad factors are taken into considera
tion, the main specific determinants of farming systems can
 
be summarized as follows:
 

(i) land availability and population density;
 
(ii) type of crop rotation;
 

(iii) water supply;
 
(iv) cropping pattern;
 
(v) type of ihmplements used for cultivation; and
 

(vi) degree of commercialization.
 

And by using these determinants the following three main
 
tropical farming systems can now be recognized:
 

(i) extensive shifting cultivation;
 
(ii) intensive subsistence agriculture; and
 

(iii) commercial,frequently mechanized,crop tillage.
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Figure 1.1 Global distribution of the three main tropical farming systems.

(After Whittlesey, 1974; Wagner and Mikesell, 1965).
 



The distribution of these farming systems is shown in
 
Figure 1.1. Multiplc cropping, defined as growing more
 
than one crop on the same piece of land during one calendar
 
year, takes place in different forms in all three farming
 
systems.
 

For the purpose of this book the following typology of
 
the main multiple cropping systems has been adopted:
 

(i) 	Mixed croppinr is defined as growing more
 
than one crop on the same piece of land at
 
the same time. It is common in shifting
 
cultivation systems which occur in almost
 
half the tropical world. Intercropping is a
 
form of mixed cropping where all crops are
 
planted in a fixed pattern of spacings and
 
rows.
 

(ii) Relay cropping is defined as planting crops
 
een plants or rows of an already
 

established crop during the growing period

of the first planted crop(s). It is widely

practised in intensive subsistence agricul
ture in areas such as Asia, China and South
 
America; and
 

(iii) Sequential cropping is defined as growing
 
more than one crop on the same piece of land
 
with each crop during a different time of
 
the year. It is common in Asia and China
 
with intensive subsistence agriculture.

Double and triple cropping are common forms
 
of sequential cropping.
 

The multiple cropping systems mentioned above can be
 
described and classified in more detail using the following
 
criteria:
 

(i) 	The degree of intensification in space, or,
 
the level of intimacy of the crop species;
 

(ii) 	The degree of intensification in time, or,
 
the crop intensity over the year; and
 

(iii) The relative time of planting of crop
 
species.
 

Mixed cropping has the highest level of intimacy (the
 
different species are planted close to each other) and
 
sequential cropping has the lowest (also see Fig. 1.2).

The intensity of the system depends primarily on the degree

of intensification in time, e.g., triple cropping (three
 
successive crops in one year) is more intensive than one
 
mixed crop of two species per year since the mixed cropping
 
system rnly uses about four months of the year, whereas in
 
triple cropping the land is covered with a crop during
 
almost the entire year.
 

The potential productivity of a multiple cropping system
 
can be described by using the concept of the Multiple
 
Cropping Index (MCI) which is given as:
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CROP AREA FOR ONE YEAR
 
MCI = x 100 	per cent
 

CULTIVATED AREA FOR ONE YEAR
 

A high MCI means intensive land use and high annual yield

potential. Whether this potential 
is utilized depends on

the productivity of the individual crops or species in 
the

rultiple cropping system. 
 In the tropics, the yield of

individual crops is usually far below 
the potential, and

yields can often 
 be increased with relatively simple

changes in production methods.
 

INCREASING THE PRODUCTIVITY OF TROPICAL CROPPING SYSTEMS
 
Crop 	production can be increased 
by one or more of the
 
following:
 

(i) by expanding the area planted to crops;

(ii) 	 by raising the yield per unit area of
 

individual crops; and
 
(iii) by growing more crops per year (in time
 

and/or in space).
 
In the past, agricultural production 
has been mainly in
creased by (i) cultivating more land, 
but now there is

limited scope for 
this since unused land is rapidly dimini
shing. More recently there 
has beea greater emphasis on

(ii) 	 increased yield per unit area. This 
has been espe
cially so in the more developed, temperate countries. 
 In

the developing countries 
in the tropics emphasis has often

been on (iii) growing more crops per 
year, or multiple

cropping. Theoretically, the 
highest possible production

would be achieved by using all three possibilities, i.e. by

continuously growing yielding
high crops on the maximum
 
land area available.
 

Crop 	production 
is a complex process and in practice

there are always constraints to the adoption of new prac
tices 	which achieve high yields. These complexities and

the constraints resulting fiom them can best be 
under
stood if one considers crop production to be the result of
 
two multidimensional vectors, the 
environment (E) and the
plant 	genotype (G). 
 The crop yield (y) is the result of

the interaction of the two vectors E and G:
 

y = f (E, G)
 

The Genotype is the aggregation of individual plants, 
fre
quently oF similar constitution, grown in a particular

location for a specific product required by maui; and
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MIXED STRIP ANNUAL RELAY SEQUENTIAL 
CROPPING CROPPING WINDBREAKS CROPPING CROPPING 

More than one More than one Few rows of a ta:l More than one crop More than one crop 

Genotype planted species planted species planted at In one calendar year In one calendar 

at the same time at the same time regular intervals bet- partly during the sam year during 
in intimate in less intimate ween the rows of a months of the year different months 
associations associations short species at the 

same time 
and partly durIrg
different months 

o the year 

Annual Storey Row With both Dobe Rtn 
Crops Cropping Planting Annual a Cropg Cropping 

Permanent 

ysmttsCrops With With Triple Quadruple 
Annual Permansr. Cropping Cropping 
Crops Crops 

OnlyWih 
In iOnly 

n Permanent 
Systems that giv m e Crops only 
Insurance against difrngeo Cop 
Total Crop failure tpso n 
In unstable environ

ionsnmen 

' 

of In imacy
S Decreasing Level 

Figure 1.2 Schematic presentation of the definitions of the principal multiple

cropping systems.
 



The Envfronment includes 
all micro-climatological and 
physical=TWrEors such as 
water, radiation, temperature, evaporation and soil 
conditions as well 
as human, management,

economic End political considerations.
 

Using this concept, Figure 1.3 gives 
a diagrammatic summary of the ways through which the 
yield of individual
 
crops can be increased. The ways listed in 
Group I are all
agronomic or crop 
husbandry techniques and all require

little capital investment. Those 
in Group II are rather
 more demanding 
- some capital is required and the changescan only be brought about using the services of technical
specialists. Change's listed in Group III are 
the most
difficult to bring about 
but have frequently been implemented in the developed countries where technical know-how 
and capital are 
not major constraints.
 

CHANGING OF CHANGING OF REQUIREMENTS 
GENOTYPE 
 CROP ENVIRONMENT AND RESULTS 

Planting of the right 
time in the season. 

Optimum plant popu
lations spacing and 
configuration. Requires little capitalGROIJP I Choice of already investment; can result 

available cr )psspecies. Changing the miLro. in significant yield 
climate. increases. 

Changing the compe
tition with other liv. 
ing organism. 

rimely and correct Some capital may be 
soil preparation, required Ior Import of
GROUP It Introduction of new 
 seeds and implements. 

crops. Changing the soil con. 
ditlons. 

Selecw n and breeding Use of fertilizers. Demands capital and 
of high yielding va- know-how but willGROUP III rieties of crop species Introduction of irri- give dramatic improve
already available. gation. ments when done well. 

Use of pesticides. 

Figure 1.3. 
 Ways to augment the yield of individual crops.
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The foregoing refers to yield improvement of individual
 
crops. When methods of augmenting the productivity of
 
whole cropping systems over a whole year are considered the
 
productivity of single crops is only one factor that deter
mines the output of a given piece of land. In multiple
 
cropping systems it is important to consider the inter
actions between different crops or species - the effect one 
crop has on another is important. In mixed cropping 
systems, one of the species in the crop association nor
mally gives a lower yield per unit area than when it is 
grown as monoculture. However, the combined yield of the 
two species is higher than the yield of the sole crop. 
Similarly, when only one rice crop is grown per year, this 
crop can be grown at the optimum time of the year, a high 
yielding late maturing variety can be used and the sole 
crop can give maximum yield. In sequential cropping, one 
of the crops is generally grown during a period which has 
sub-optimum growth conditions and the yield of the indi
vidual crops grown in sequence will be lower than when one
 
crop per year is grown. However, the combined yield of the
 
two sequential crops is higher than that of the single rice
 
crop. In summary, in multiple cropping, the total output
 
of a given land area is more important than maximum yields
 
of single ciops.
 

REASONS FOR THE ADOPTION OF MULTIPLE CROPPING SYSTEMS
 
The main reasons for adopting multiple cropping systems can
 
be classified into two broad groups: (a) physio-technical,
 
and (b) socio-economic. In practice there is a consi
derable interdependence between these groups.
 

The physio-technical reasons fall into three subdivisions:
 

(i) 	Better utilization of environmental factors:
 
Plants of different growth habits often have
 
different environmental requirements. When
 
crops are grown in mixtures for a given area
 
and time, the utilization of light is maxi
mized since the plant canopies of the two or
 
more crops can together intercept and uti
lize more light. Crops with different root
ing habits may together be able to take up
 
more nutrients than one crop.
 

Sequential cropping systems make better
 
use of land and solar energy since these
 
systems occupy the land during more months
 
of the year which means more photosynthetic
 
opportunity and greater nutrient and
 
water-use resulting in higher annual yield;
 

(ii) 	 Greater yield stability in variable
 
environments:
 
Environmental variability usually results in
 
yield instability. When crops are grown in
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associationsthis 
yield variability is often
 
reduced because the different species are 
not
 
equal.y affected by an adverse environment.
 
For 	example, consider growing mixture
a of
 
maize and upland rice in successive "dry" and
"wet" years. In the 
wet 	year rice
the will

do well, bul the maize will give a low yield

because of cxcssive moisture. In the dry

year the maize will produce well but the rice
 
will suffer from moisture stress.
 

Yield instability in the tropics 
is often

caused 	by pests and diseases. -When crops 
are
 
grown 	in mixtures, 
a serious outbreak of a

certain pathogen usually attacks 
only one of
 
the species in the crop association, resul
ting in a yield decrease of this species but
 
not of the other species, the yield of which
 
may even increase; and
 

(iii) 	 Soil Protection:
 
When crops overlap in terms of the time 
they

are 	in the ground, the period 
of the year

during 	which the ground is 
protected by leaf
cover is extended, reducing the physical

damage by rain, wind soil
and erosion. All

multiple cropping systems provide better soil
 
cover than sole crops 
and multiple cropping

is therefore highly desirable on unstable
 
soils.
 

The socio-economic 
reasons for the adoption of multiple

cropping systems fall 
into 	two subdivisions:
 

(i) 	Magnitude of inputs and outputs:

Generally, a higher yield 
and 	greater gross

return 
per unit area can be obtained with
 
multiple cropping. The principal extra input

to achieve this higher output is "labour".
In many tropical farming systems, labour 

seen ancannot be as "input" in economic 
terms since the opportunity cost for labour 
is very small. In subsistence agriculture
the return from the farmers' effort is more

important than the amount 
of effort or labour
 
required; and
 

(ii) Regularity of food supply:

When planting and harvesting is done in
 
phases, and several crops 
instead of a few
 
are grown, a regular and varied supply 
of

food for the household is assured and storage
 
losses are minimized.
 

The adoption of multiple cropping tropical
in countries

where capital limiting factor has
is a 	 several advantages.

For 	example, scarce external 
inputs such as fertilizers,

pesticides, fuel, etc. 
 should be used to the fullest

degre-. There is generally less wastage of these resources
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in multiple cropping systems than in sole cropping since 
there is less leaching of fertilizer when more than one 
species is grown, and less land preparation is required. 
The energy crisis has retarded the agricultural development 
of many tropical countries as it has made fertilizers and 
other energy-intensive agricultural inputs even more scarce 
and expensive than they were previously. Therefore, it is 
now of paramount importance to adopt agricultural practices 
and cropping systems that make the best possible use of 
these inputs. 

CONSTRAINTS ON THE DEVELOPMENT OF MULTIPLE
 
CROPPING PRACTICES
 
In many countries multiple cropping practices, and es
pecially the most common forms of multiple cropping (mixed
 
and relay cropping), are often associated with backward,
 
peasant type farming. Frequently, the first thing agro
nomists and agricultural extension workers did, when they
 
tried to improve traditional agriculture, was to advise 
against mixed cropping. They argued that improvements are 
only made when single crops are planted in rows. The reason 
for this seems to be that research on multiple cropping
practices in the tropics has for long been neglected as a 
result of the influence of western research which has been 
biased towards monocultures. Mechanization has played an 
important role in the development of agriculture in the 
developed countries and, because of it, cultural practices,
 
varieties, harvesting techniques, etc. have had to be
 
adapted. Important prerequisites for mechanization were,
 
and often still are, monocultures, row-culture and uni
formity of crops.
 

After 	the Second World War, many attempts were made to
 
introduce Western techniques into the tropical developing
 
world. In many cases these attempts have led to enormous
 
failures -the Tanzania groundnut scheme serves as a classic
 
example. Agriculturalists with a Western background or
 
education often find it difficult to visualize multiple
 
cropping systems under improved technological conditions.
 

The problems usually articulated include:
 

(i) 	 research problems on improved varieties and
 
cultural practices such as weed control, fer
tilization, insect control, etc., are com
pounded when dealing with more than one crop;
 
and
 

(ii) 	 it is difficult to visualize the successful 
introduction of farm mechanization into 
systems that are dominated by crop mixtures. 

The problems noted are real, but in most cases satis
factory solutions can be found. However, for the average
 
tropical farmer at the present time, and for the forseeable
 
future, both are irrelevant considerations. I[e is not
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concerned with 
research or with efficiency and optimum
yields - his prime concern is to assure a sufficiently high
yield to feed his family. What is very important to him is
that he is certain that he will have 
some return from what
he has planted. The growing 
of croii-n mixtures remains
a basic characteristic of farming 
under present conditions
and this book attempts to demonstrate that there are valid
reasons of a technological and socio-economic 
nature
farmers' 
reluctance to change to sole-cropp3ng systems. 
for
 

Until recently, researchers 
have been hesitant to tackle
mixed cropping experiments because 
of the large number of
crop combinations and 
factors 
that interact. Fortunately,
there has 
lately been an appreciation by some research
workers 
that certain multiple cropping systems have great
potential and 
that the problems associated with such systems should not prevent research on multiple cropping under
improved technological conditions being undertaken.
 
Most tropical farmers still remain unconvinced of thevalue of very drastic changes their e.g. 

in farming methods,from mixed cropping to sole cropping and from broadcasted seed to row-culture. Until agricultural scientists
in the developing world can 
suggest modifications that have
a convincing return and yet do not involve large changes in
existing farming methods, it is unlikely 
that they will be
successful 
in improving traditional agriculture.
 

GEOGRAPHICAL AREAS WHERE MULTIPLE CROPPING CAN BE FOUND
 
Dalrymple 
(1971) surveyed the occurance of multiple cropping systems throughout the tropics, 
and concluded that
multiple cropping is a widespread practice. 
 It is estimated that 98 per cent of 
cowpeas, probably the most
important legume in 
Africa, is grown in association with
other crops 
(Arnon, 1972). Norman's survey in Northern
Nigeria (1975) reports mixed cropping on 83 per cent of all
cropped land. In Columbia 90 per cent of the bean crop is
grown in association with maize, 
potato and other crops,
while in Guatemala 
73 per cent of bean production is from
mixed cropping. Frances and Flor 
(1975) estimate that in
the Latin American tropics, 60 per cent of the maize is
associated with other crops.
 
Furthermore, in Asia and China, 
there are only few 
areas
where the Multiple Cropping Index is less than 150.
Usually, all 
land is planted with rice at 
least once a year
and after the rice crop is harvested, a second crop such as
soya beans, mung beans 
or maize is grown. Figure 1.4
shows 
where some multiple cropping systems occur and it
clearly illustrates 
that multiple cropping is a widespread


practice.
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Muitipte croppiag systanm and caimate 

Year-round adequate temperature and solar radiation (rough
ly 
over 200 cal/sq cm/day) are the main prerequisites for

multiple cropping. These conditions normally prevail in

the tropics (with the exception of minor areas at high
alticude) ar.d in most of the subtropics. The next consi
deration is the availability of water, either through rainfall or irrigation. The distribution of rainfall varies 
greatly between areas of comparable temperature and the
annual moisture balance is, therefore, the main factor that
determines the type of cropping syscem to be found in par
ticular areas. 
 In areas with a uni-modal rainfall pattern

of relative short duration (3-5 
 months), the moisture

balance only allows for crop growth during 4-6 months of
the year (without irrigation) and it is therefore important
that maximum use is made of the (moisture) season. General
ly one crop cannot fully 
exploit such a short moisture 
season. Mixed cropping or a combination of mixed and relay
cropping is better able to exploit the environment because

the two or more spezies will together have a longer leaf 
area duration, and will extract 
more nutrients and water 
than a single crop. Short moisture seasons are common in
Africa, and mixed and relay cropping systems are therefore 
very popular on this continent. In Latin America and Asia,

both uni-modal and hi-modal rainfall patterns prevail and
the moisture seasons in both continents (with the exception
of India) are generally longer than in Africa. For these 
areas moisture 
is less of a constraint. 
 In this situation

sequential cropping or a combination of sequential, relay,
and mixed cropping can best exploit the environment. Multi
ple cropping in Asia is often built around a wet season 
crop of rice. During the dry season the land may be plan
ted again to rice but it is often devoted to leguminous
 
crops.
 

C'oppmng sy.stems and so.U 

The soil requirements for multiple cropping are basically
the same as for other forms of intensive crop production.
When the soil is infertile, a crop association with different rooting habits can often assure a reasonable pro
duction where sole crops give only marginal yields be
cause the different species have together more access to 
the limited nutrients. 

In the design of cropping systems, plant population and crop intensity are often determined by the soil fertility 
the higher the soil fertility, the more plants or crops are
required to exploit the environment. When the natural soil
fertility is low, and no fertilizers are available, sequen
tial cropping is not generally desirable, but mixed crop
ping can be advantageous. The latter situation is quite
 
common in tropical rain forest 
areas in the wet equatorial

region, especially in Latin America, where 
soils are often

relatively infertile due to leaching. In these regions 
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multiple cropping can also be advantageous since a better
 
soil cover throughout the year will protect the soil from
 
rain damage and erosion (also see Chapter V). When, in a
 
humid tropical region, the soil is fertile, relay and
 
sequential cropping systems have high yield potentials.
 

Crtopping sy6tmns and poputation 

Population pressure is an important determinant of farming
 
systems, especially of shifting cultivation systems. As
 
population pressures increase in shifting cultivation areas,
 
the cropping system has to change because there is no
 
longer enough land available to allow for the long fallow
 
periods which are part of these systems. Multiple cropping
 
systems ,re often, therefore, the only way of providing a
 
livelihood for the increased population.
 

In areas of intensive subsistence agriculture and high
 
population pressures, labour is normally abundantly avail
able and multiple cropping is the logical way to produce 
crops. The systems are more productive, and able to feed a
 
l'rger population and, at the same time, reduce unemploy
ment (also see Chapter IV). This is illustrated by the 
fact that countries with high population densities, such as
 
Taiwan and India, are invariably countries with high multi
ple cropping indices.
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II The different multiple cropping 
systems 

INTRODUCTION
 
This Chapter discusses the different multiple cropping
 
systems defined in Figure 1.2 and gives examples for each
 
system. When classifying the systems it should be
 
recognized that many multiple cropping systems 
practised

by farmers are in fact combinations of different systems.
Combinations of mixed and relay cropping are particularly 
commolln. 

Classifying the different systems is sometimes difficult 
because there can be a gradual transition from one system
to another. For example, when the spatial arrangement of 
mixed cropping is changed, it can become strip cropping,

which in turn, can become an annual windbreak system. The 
different systems are discussed 
in order of decreasing

level of intimacy, starting with mixed cropping which is 
the most intimate system. 

MIXED CROPPING WITH ANNUAL CROPS
 
Mixed cropping is defined as growing more than one species 
on the same piece of land at the same time, or with a short 
interval. Thie different species are either mixed in an or
ganized manner, with a fixed pattern of spacings and plant
populations, or,in an unorganized manner, where species 
are
 
unevenly distributed over 
the land. The latter is common in
 
subsistence agricultural all over the world. Figure 2.1
 
shows a typical mixed cropping system in African subsis
tence farming. In mixed cropping, there is no distinct row 
arrangement. Row intercropping is a form of mixed cropping
where all crops are planted in a fixed pattern of spacing
and rows. The latter is illustrated in Figures 2.2 and 2.3.
 
Mixed cropping is practised for various reasons. In sub

sistence agriculture, egpecially where there is a highly

variable and unstable environment, it is an ini;urance

against total crop 
failure. In more stable, favourable
 
environments, higher total yields can be obtained per unit
 
of land because the available resources such as light,

nutrients and water are better utilized than in sole crop
ping.
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Figure 2.1 	 Mixed cropping system in African subsistence
 
farming.
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SyJ6tems that give in6uw' 
nce against totat crop 6aiLuwe
 

One of the oldest 
problems in crop production is the inability 
to forecast the weather. Most crops 
need certain
weather conditions to be able 
to fully exploit the environment. When 
these conditions do not prevail, it is likely
that another crop species with environmental requirements
which fit 
the weather conditions better during that particular 
season would give higher yields. Ifence,in some years,
crop A or species A will succeed, and in others crop B will
do better. Since,at 
the time of planting the farmer does
not know what weather conditions 
are going to occur during
the growing period, both are
crops planted in a mixture.
Thus, when growing conditions turn out unsuitable for
to be 

crop A, crop B might still produce thereby avoiding complete crop failure. 
 It is, of course, possible to divide
the available land and 
plant both crops in separate areas.
However, planting the 
total area available with a mixture
of the two crops is a better proposition since the
in former case, the land devoted to the crop that totally 
fails
will be completely unproductive, whereas, 
in the latter
 case, part the
of resources 
of the area initially devoted
to the species 
that fails can to some extent be used by 
the
other 
species in the mixture. Consequently, the species
will produce more per square 
meter when mixed cropped than
the same 
number of plants will produce when half the 
amount
of land is sole cropped. Andrews (1973) calls this a"safety factor" while other authors call it a "risk factor"
 
or "security factor" (IRRI, 1975).
 

From the above it can be concluded that for mixed 
cropping to be advantageous, the components of 
the crop association should 
have different environmental requirements
which generally means contrasting habits. Therefore, crop
combinations 
which are very common include maize and soya
beans; rice and pulses; maize and nuts
bambara (Voandseia
subterranea); 
 and maize and cowpeas. Note t 
all
combinations are associations of a legume and 
a cereal.
 

Cop mixtares that make 6ulet Wse of a stabte environment
 

When the environment 
is less variable and genotypes are
well adapted 
there are also advantages for mixed cropping
since frequently no one 
species on 
 its own can fully
exploit the environment. 
 If the soil fertility is controlled and at an 
optimum level and if the moisture balance
is also controlled, possibly by means 
of irrigation, light
often becomes a limiting factor 
in plant production. In
this situation, light 
in sole cropping systems will 
either
be wasted in the early part of 
the growing season when
individual plants small 
the
 

are 
 or there will not be enough
light later in the 
season when plants overshade each other.
lhen two species of contrasting habits 
 are grown in
association, their light requirements 
are somewhat spread
over the growing season. This will result in higher total
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Figure 2.2 	 Diagrammatic presentation of the spatial
 
arrangements of a row intercropping system
 
of maize (x) soya beans (m).
 

Figure 2.3 	 Row intercropping system of sorghum and soya
 
beans on an experimental farm in Zimbabwe.
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light intercept ion over the entire growing period. As a 
second example, consider two species of contrasting looting 
habits. One species frequently takes up large quantities
of one particular soil nutrient while the other extracts
 
large quantities of another nutrient. In these examples,
mixed cropping will result in better light use or higher
total nutrient uptake and therefore, in greater total 
,rowth and yield.
 

fwxtu e o6 di4ceitt genotype, of the 6ame spece. 

Hxtensive selection and breeding of crops has frequently

led to great uniformity of genotypes such as in single
cross hybrids of mai:.e. Genetic variability in such types
 
is very small and the variety is therefore suitable only to
 
a narrow range of environments. Consequently, in 
a variable
 
environment, sometimes one genotype cannot 
fully exploit it
 
and it may, therefore, be desirable to plant a mixture of 
different genotypes.
 

Another reason why multi-strain varieties may be su
perior is that a mixture has a greater tolerance to
 
diseases and pests (Schwerdfeger, 1954). When a stand
 
of plants that are susceptible to a disease is "diluted"
 
with resistant plants, the level of infestation of, or 
damage to, individual susceptible plants may be reduced.
 
When fewer plants are attacked, the overall effects of
 
disease and pests are reduced.
 

RELAY CROPPING WITH ANNUAL CROPS
 
Relay cropping is defined as planting crops between plants 
or rows of an alread, established crop during the growing
peTiod fis-t_planted crop(s). The interplanted young
plants not only gain more time for growth on the same piece
of land, but can also make use of the residual fertility of
 
the previous crop and the remaining moisture in the soil.
 
The spatial and time arrangement of this form of multiple 
cropping is illustrated in Figure 2.4. Maize is planted at
 
the onset of the rains and cassava is planted later in the
 
season. The cassava completes its growth cycle at the end
 
of the rainy season by using residual moisture, thereby

using the resources to the fullest. This form of relay
cropping is widely practised in Indonesia and is 
illustrated in Figure 2.5. 

Time of planting and harvesting and length of overlap 
periods are critical in relay cropping systems. Conse
quently, it is often necessary to breed varieties specially
suitable for relay cropping practises - the main charac
teristic being earliness of maturing. 
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Months-- Nov. Dec. Jan. Feb. Mar. Apr. 
Figure 2.4 Diagrammatic presentation of a relay-cropping 

system. Maize (x) is planted at the beginning of 
the growing season (November) and cassava (o) is 
later interplanted. 

May 

Figure 2.5 	A very intensive multiple cropping system in
 
Indonesia. Maize is planted at the beginning of
 
the growing 	period; cassava is later relay
interplanted and cowpeas are mixed with the
 
cassava. Maize plants are topped to provide
 
forage for livestock.
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An interesting multiple cropping 
system from Nigeria
which has an element of relay cropping is described by
Andrews (1975). Three types of crops were used - a quick
maturing cereal (Pennisetum millet or maize), 
a long season
cereal (Guinea zone dwarf sorghum) and a quick maturing,
though late-planted legume (cowpeas). Figure 2.6 illus
trates how the crops were planted. 

00000000000000000000000000000 

00000000000000000000000000000 

x x x x x x x x ... o.........
* 0 

00000000000000000000000000000 

Months - May Jun. Jul. Aug. Sept. Oct. Nov. Dec. 
Figure 2.6 
 Diagrannatic presentation of a relay-cropping system


with a long season cereal (Guinea zone dwarf
 
sorghum) (o)and two early maturing crops, a short
 
season cereal (Pennisetum millet or maize) (x)and a
 
late planted legume (o)tried in Nigeria (after
 
Andrews, 1973).
 

The maize and millet are early maturing, using thefirst 80 to 90 days of the season, whereas the sorghum,although planted with or just after the early cereals, has a long period of vegetative growth, and floral initiation
does not 
occur until after the early cereals are harvested.
Cowpeas are planted mid season in the space vacated by the
millet or maize and they mature at the same time,
slightly or


later, than the sorghum, i.e. at the end of the
(moisture) season. 

Succesful relay cropping of rice and sweet potato, rice
and maize, 

and 

rice and tobacco, rice and sugarcane and rice
jute are common in Taiwan. Tihe Indian Agricultural

Research Institute (1972) has reported on several relay
cropping systems, of which combinations such as mungmaize-toria-wheat and mung-maize-potato-wheat were the most
important. Relay cropping 
systems using cassava which are
 
common all over the tropical world because of high yield
stability, have been described by Hart (1975) and Beets
 
(1976).
 

MULTI-STOREY CROPPING
 

Mutt&W-storey cAopping with pe~unanent and annuat cmops 

Trees in coconut, rubber and oil palm plantations are ge
nerally quite widely spaced and 
the trunks only occupy a
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small fraction of the land surface. Since the tree cano
pies generally let through most of the 
light,it is possible

to grow crops underneath them. Subject to 
soil fertility,

a second or even third crop can be supported. In an 
example of three storey cropping, the layer immediately
above the 
ground is occupied by crops such as groundnuts or
 
sweet potatoes; the leaves of papaya 	 oi' a musaceae crop 
occupy a level of 2 to 5 meters above the ground 	 and a co
conut canopy forms the top at a level of 5 to 15 meters.
Nelliat et al (1974) described another interesting multi
storeyed crop combination consisting of coconut and black
 
pepper and coffee and pineapple which is illustrated in
Figure 2.7. In Malaysia,intercropping in 
the two main plan-


Figure 2.7 	 Multi-storey crop combination of coconut,
 
black pepper, cacao and pineapple at an experi
mental farm in India. (After Nelliat, et al,
 
1974).
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tation crops rubber and oil 
palm, is done successfully with
maize, upland rice, soya beans, groundnuts and cassava 
(Benclove, 1975). Associations of rubber and maize or 
cassava can also be found in AmericaLatin (Morales et al,
1949). The chemical soil fertility must be adequately
maintained in these systems sincc tree crops generally
withdraw great quantities of nutrients and annual crops
will not produce unless they are given fairly large ferti
lizer dressings. In contrast to the above, Vidal (1965)
described a system in Senegal with the Acaciatree albida.
This tree is not planted by the African subsistence farmers
but is left standing when the bush is cleared for crop
production. The Acacia population may reach forty to fifty
trees per hectare and underneaLh the trees a circle of
millet is planted. The millet closest to the tree usually
gives a higher yield than that planted further away because 
nitrogen levels are higher there and becausealso the tree 
favourably changes the micro-climate for the millet. 

Mut tc-storey caoppng wth penaauent ciop5 onQy 

Multi-storey cropping of rubber and cacao is reported by
Hacquart (1944) in the Congo, by Allen (1955) in Malaysia
and by Hunter (1961) in Costa Rica. Associations of rubber 
and coffee can be found in Malaysia (Allen, 1955),
Indonesia (Cramer, 1957), and Costa Rica 1961).(Hunter,
Generally, shade requirements for cacao and coffee tend to
increase as growth conditions become less favourable and
vice versa. These systems are most sui table to areas of
low fertility and less favourable conditions. One com
ponent of the association can, however, favourably change
the micro-climate for other, this maythe and improve the
growing conditions for both crops. When evaluating the
merits of these systems factors that have to be considered 
include total yields, aggregate income of all crops, 
access to crops and, ease of management, especially weed 
control.
 

A less common system can be found in arid areas where 
many layers of date palm, apricot and vegetables are tra
ditionally grown in desert oasis (Baldy, 1963). In such
plant communities, shading and windbreak effects create a
favourable micro-climate for the storeys below; the crop
chosen for each successive lower storey should be more 
mesophytic and less light demanding than the one above 
(see also Chapter VI).
 

STRIP OR LANE CROPPING
 
Strip cropping is defined as growing two or more crops in
alternating strips blocks the same pieceor on of land 
at the same time. The difference between this system and
intercropping is in the degree to which the two crops 
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interfere with each other. In mixed cropping, species are
intimately mixed while in strip cropping, only the plants 
on the edge of a strip affect the other. The alternating
strips should be wide enough to facilitate the use of ma
chinery. The width of tile strips also depends on the 
competitive yield advantage of the one crop and yield
disadvantage of the other crop. The major advantage of 
this system is that the border rows of the tall crop yield
20 to 40 	 per cent more than rows within the field (Beets,
1976; Pendleton et al, 1963) and that lodging of both 
crops may be rduce (Beets, 1976). The shorter crop is,
however, norma; ly at a disadvantage and its yield is 
frequently reduced by 5 to 20 per cent (Lang, 1949;
Pendleton, 1963). Figure 2.8 shows a 
strip cropping
 

Moze
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120

-100-

X. 80

2 60 	 Soyabeans 
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Moize Row no I 2 3 4 5 6 7 8 I Soyobeons
monoculture monoculture 

check check 

Figure 2.8 	 Diagrammatic presentation of yields of maize and
 
soya beans obtained in a strip cropping system
 
compared to monoculture checks for both crops
 
(After Pendleton, et al, 1963).
 

system tried out in the cornbelt of the U.S.A. (Pendleton
et al, 1963) , ii, which all maize rows had a higher yield
tanthe monoculture check, while all soya bean rows had 
lower yields. 

Sometimes 	 crops are planted in strips to combat erosion. 
On 1 ng slopes subject to sheet erosion the field may be 
laid out in narrow strips across the incline, alternating

erosion-sensitive and erosion-resistent crops. In such
 
cases, the width of the strips depends primarily upon the 
degree of slope. 

Skip-iow tsy.jns oiLskip-&tow ptamting 

The skip-row system, the main advantage of which is that 
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irrigation water 
can be saved, is practised in low rainfall
 
areas. According to Sivanappan et al (1976), it is
possible to save 50 per cent of theirrigation water
without significantly reducing yields 
when such planting
systems are used. 
 Figure 2.9 shows a skip-furrow
 

60CM. 90 CM. 

I 

(PULSES)
 

150 CM. 

Figure 2.9 
Schematic presentation of a cotton-pulses skip
furrow planting system. (After Sivanappan,
 
et al, 1976).
 

irrigation system tested in India (Sivanappan et al, 1976).In this system the furrows were spaced at 150 as opposedcm 
to conventional spacing 75 and rowof cm a of c-tton wasplanted on each side of the furrow leaving a space of 90 cmbetween the rows of cotton on the side of furrow athe forshort-term intercrop like pulses. The plant population ofthe main crop (cotton) was as high as in a conventional 
system and the different planting pattern did not result in
any significant 
 reduction in yield while an additional
of pulses is obtained. Similar systems 

crop 
are suitable for crops such as cotton, sugar cane, castor beans (main crop)


and soya beans, grain sorghum and pulses (intercrop).
 

AtrteAeting bed systen 

In areas with periodically waterlogged soils and insuffi
cient water for flooded rice, land can be more intensivelyused if the field is prepared in an alternation of low and
high beds. The low beds are used for rice and the highbeds for upland crops. The width and length of the bedsdepends on the topography of the field. The major advan
tage of this method is that the upland crop can be planted
before the harvest of the paddy crop at the end of the longrains and does not, therefore, suffer from water-logging.
This system is used in Central Java, Indonesia (see Figure

2.10), Vietnam and Taiwan (llao, 1972).
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Figure 2.10 	 The "sorjan" system of Central Java. Upland
 
crops are grown on the raised beds in a mixed
 
cropping arrangement and lowland rice is
 
grown between the beds.
 

ANNUAL WINDBREAKS
 
Permanent 	 windbreaks of shrubs and trees are common in 
France, the U.S.S.R. and the U.S.A. Temporary windbreaks 
of tall annual crops are less usual but can be advantageous
in areas where droughts are common and dry soil and hot 
winds reduce yields. Windbreaks modify the micro-climate, 
mainly on tile lee side of the windbreak. Figure 2.11 il
lustrates an association of a tall annual plant (maize)
which act as a windbreak and a short annual plant (soya
beans) which profits FQua. the change in micro-climate 
induced by the maize. The mean horizontal wind speed over 
the soya beans is reduced by the maize barrier. 

Annual windbreaks also reduce evaporation from the soil 
and transpiration from sheltered plants, particularly

during hot, dry periods. Consequently, the short plants 
use less water an] are less likely to wilt and the shel
tered plants grow caller and produce higher yields.Although
there may be no difference in actual amounts of water used, 
water-use efficiency increases because of the higher yields
(Radke and Burrows, 1970). While windbreaks provide good
results in arid climates they can also increase yields in 
semi-arid and even humid areas (Rosenberg, 1975). Almost 
any combination of crops or varieties can be used provided
 
one is tall and the other is short. The most advantageous
 
combination will depend on the compatibility of cultural
 
practices of the two crops. Tall crops which have been used
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Figure 2.11 	 Schematic presentation of windbreak cropping
 

system with maize and soya beans. Percentage

decrease inthe mean horizontal windspread

above the soya beans is indicated for five
 
levels above the soya bean canopy (From

Radke and Burrows, 1970).
 

include maize, sugarcane and sunflowers and short cropshave included soya beans, sorghum, groundnuts and high
value horticultural crops. 

SEQUENTIAL 	CROPPING SYSTEMS
 
Sequential cropping is defined as urowin more than one crop on same of withthec piece Ia-ndT each crop d-Turing adlifferent 	 time of tile year.' Some examples of this are
rotations of wheat an( soya beans in Taiwan, the U.S.A.,India and Zimbabwle. In Sub~tropical areas, soya beans are g rown in summer and wheat is grown during the cooler 
months . 

Triple cropping with high yielding varieties of riceattaining total yields of over 24 tons rice per hectare peryear is sometimes practised in Sou-theast Asia. The totalgrowing period required to obtain these total yields isaround 340 days with 25 clays- available for preparing theland. These practices 	 provide some indication of the
current upper limit of rice production per unit of land. 

Sequential cropping can only be practised in tile tropicsor subtropics where temperatures are sulitable for plantproduction throughout the year. Other important points ofconsideration with sequential cropping systems are availability of water and time for land preparation. There are very few areas in the world with sufficient precipitationto support crop growth during each month of the year andirrigation availability is, therefore, often th e ma jo rconstraint 	 to widespread implementation of these systems. 
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III History of multiple cropping
 

INTRODUCTION
 
In early history, before widespread urbanization, the
 
world's cropping 
systems were hot as varied as at present.

Most 	farming was largely on a subsistence basis and there
 
were 	less pronounced differences between systems as is the
 
case 	with high and low levels of technology. The oxdrawn
 
plough, hoe, digging stick, sickle, harrow, axe and machete
 
were 	 as commonly used in Europe as in Africa. Cattle 
manure and the growth of legumes to maintain soil fertility 
was common, and irrigation, water-lifting systems and a 
variety of other fundamental techniques where known in many
parts of the world. Farmers were slow to respond to 
technical, economic and environmenta, changes. The 
situation described above still prevails in most tropical
 
areas - farmers use traditional tools and respond slowly to
 
change.
 

EARLY 	EVIDENCE OF MULTIPLE CROPPING
 
Since mixed cropping was well suited to this situation, it
 
was common in most traditional farming systems. In Britain,
 
mixed cropping of barley and clover was 
quite common and in
 
India, the practice of growing mixtures of legumes and
 
non-legumes was widespread. In 1887, Wallace studied mixed
 
cropping in India and he found it very advantageous. He
 
noted the following:
 

(i) roots of different species take up different
 
nutrients and do therefore not compete with
 
each other; and
 

(ii) 	 in mixtures of grain and pulse crops, the
 
grain crop benefits from the nitrogen secre
ted by the pulse.
 

American Indians practiced mixed cropping of maize and
 
beans in the eighteen hundreds (Hariot, 1888). Willis
 
(1914) observed mixed cropping of perennial as well as
 
annual crops in Ceylon, Malaya and the West Indies and
 
concluded that mixed cropping practices could well be
 
advantageous in traditional cropping systems.
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Sequential cropping less
was common, most probably be
cause irrigation is 
 often required for this cropping

system. Gompertz (1927) indicates that in "very early

times" there was a 
form of perennial irrigation at Memphis
and Abydos which produced more than one crop a year. The
double cropping system practiced involved wheat with a 
growing period of three months. 

Double cropping has long existed in 
China. In the north,

the principal crop was winter wheat, while in 
the south, it
 
was rice. The development of an early rice variety in the
 
year 1012 triggered a revolution in growing practices and

made cultivation of a second crop possible. By the Mingperiod (1368-1644) cold tolerant varieties were developed

which could be planted in mid-summer after spring crops or
early rice. As a result of the introduction of these

varieties, Kwangtung Province 
and the southern portion of

Fukien Province were reportedly famous for rice. Further

north, 
 in Hunan, it was not until the seventeenth and
eighteenth centuries efforts made
that were to promote

second crops (Perkens, 1969).
 

RECENT HISTORY OF MULTIPLE CROPPING
 
Although multiple cropping is common in South America and

Africa, the recent history 
of the practice is not well

documented for these continents. There been
has sporadic

interest in subject only fewthe and a researchers have
studied it and there have been largeno research programmes
designed to study or 
promote multiple cropping practices.

In Asia, the situation is very different. Several 
coun
tries in Asia have a most interesting history of multiple

cropping. Taiwan can serve as 
an example.
 

The history of Taiwan's agricultural development is well 
documented and cropping
multiple syste:is have been adistinctive feature of its development. Multiple cropping
was originally brought to the island with the mass migra
tion from the south-eastern part of mainland China which
started during the seventeenth century. The migrants notonly introduced such crops as rice, sugarcane and sweet 
potatoes but also water buffaloes, farm tools, culturalnew 
methods and multiple cropping practices which had been
applied on their native land for a long period of time.Multiple cropping developed in Taiwan for a variety of 
reasons, population pressure being the most important. Thesystems were made possible because of the favourable cli
mate which enables crops to be grown throughout the year.
Although the climate is favourable and rainfall reasonably
high and distributed, irrigation works have helped thedevelopment of multiple cropping. Another important factor 
was the development of an extremely good early maturing
variety of rice ("Taichung" no. 150) in 1938. This variety
is excellent for relay-intercropping systems - the most
important form of multiple cropping on the island. Special
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varieties of sugarcane, tobacco, wheat and other crops were
 
also bred over the years. The multiple cropping index for
 
Taiwan (not including green manure) reached 189 - 190 in 
the years 1965-66, and gradually fell to 175 in 1972. The
 
fall is partly due to the decrease in the area of paddy
 
fields and partly to an increasing shortage of farm labour.
 
Since the beginning of this decade Taiwan's industrializa
tion has lightened the pressure on the land and the farms 
are less characterized as subsistence enterprises. As the
 
result of these economic developments it is possible that
 
agricultural systems will now develop along Western lines
 
and mixed and relay cropping will become less common.
 

India is another country where multiple cropping has 
played an important role in agricultural development. In
 
this heavily populated country, multiple cropping has
 
enjoyed attention since the nineteen thirties. Population 
was an important factor here' also and the practice was 
especially common in the G;,nges Valley and the Ganges Plain. 
According to Ganguli (1930) double cropping was not very 
productive at the time since no fertilizers were available
 
and low soil fertility could not support double cropping.

An exception was the deltaic portion of the Ganges Plain 
where the annual rise of the river left a fertilizing 
deposit of silt. Under conditions of low soil fertility
 
there is more scope for mixed and relay cropping and in 
India there has been interest in all-pulse intercropping 
systems for the areas with limited water supply and low 
soil fertility since the nineteen forties.
 

RECENT HISTORY AND DEVELOPMENT OF RESEARCH
 
Multiple cropping has been a matter of increasing interest 
in many developing countries during the last two or three
 
decades. Research in this field increased after the
 
introduction of the so-called "green revolution". When the 
hopes inspired by the green revolution were not met, 
agriculturalists and policy makers began searching for 
other means to improve agriculture in the developing world. 

Multiple cropping systems research has been done by the 
large international -esearch institutes such as the Centro
 
Internacional de Agricultura Topical (CIAT) in Columbia, 
The International Crops Research Institute for the 
Semi-Arid Tropics (ICRISAT) in India and the International 
Rice Research Institute (IRRI) in the Philippines. 

At IRRI, a multiple cropping research programme was 
initiated in the 1960s. The main objective of the 
programme was to develop improved and intensified cropping 
patterns to increase the welfare of rice farmers in South
east Asia. Cropping systems technology was organized to 
use farmers ' resources more efficiently in meeting this 
goal (IRRI Annual Report 1973). Most of the work of 
IRRI is centred on rice but upland crops such as maize, 
mung and soya beans are also included in the programme. 

29
 



Much work has been done on intercroppi.ng but relay cropping

systems have also been examined. An important aspect ofthe programme is that advanced, scientific research is donealong more practically oriented work. Research is oftencarried out at different levels of technology; for example,
power sources such as hand labour, small tractors and
carabao are compared in trials. 

The interest in multiple cropping research at C [AT,Columbia is fairly recent. Multiple cropping is, however,widespread in Latin America and it can be expected that theresearch effort in this part of the world will increase.The study of mixed cropping is an important element of theresearch undertaken at CIAT Frances and Flor (1975) havebeen working on maize and bean varieties, particularlytheir germplasm, and their usefulnes: for intercroppingsystems and have studied cropping systems by variety
interaction. Their agronomic 

crop
work has included relative

dates of planting and plant population. 
At ICRISAT in India multiple cropping research is alsofairly recent and has focussed on mixed cropping. Thestudy of crop interrelationships, especially the effectsmixtures have on nutrient and moisture uptake, areimportant elements of the programme. The Institute has more recently started to 
study whole farming systems.
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IV Economic and social aspects
 

INTRODUCTION
 
The conditions under which a tropical farmer operates his 
farming enterprise differ from those in the "western" 
world. In the tropics, almost .all farms are small and sub
sistence is usually more important to the farmer than cash 
cropping. The farm operation is based primarily on manual 
and animal labour. A considerable proportion of the farm 
output is consumed by the family and the rest of the pro
duce is sold or bartered at nearby markets. This means 
that a tropical farmer not only measures the "output" of 
his farm in monetary terms but also in such terms as 
"foodvalue" and "return per unit of labour". 

Under the conditions described above raising production
through expanding multiple cropping can only work when a 
systems or integrated approach i. used and when several 
constraints are removed simultaneously. In this chapter, a 
number of problems are described in isolation and it should 
be realized that in fuw, if any, instances will removing of 
only one or two constraints result in significant develop
ment and expansion of multiple cropping. 

Broadly speaking, to increase the productivity of tradi
tional tropical farming systems, two main changes can be
 
made:
 

(i) 	raising the level of technology and increa
sing the level of external inputs; and
 

(ii) improving marketing and distribution.
 
The availability of external inputs varies greatly from
 
location to location and directly influences he character
 
of the local farming system. Consequently, the availabi
lity of inputs in a certain area must be assessed before
 
the operation of an agricultural system can be understood,
 
changed and improvements recommended. As the level of tech
nology rises and more inputs become available, marketing

and distribution usually require improvement. This gene
rally means better storage and transport facilities.
 

LEVEL OF TECHNOLOGY AND RESOURCES
 
The inputs used in a farming system can be divided into the
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following four groups:
 

(i) natural resources (climate, soil, etc.);
(ii) 	 human resources (labour, entrepreneurship,
 
etc.);


(iii) external inputs 
 (fertilizer, insecticides,
 
etc.); and
 

(iv) 	 financial resources 
(credit).

Highest productivity 
can expected to be attained 
in areas
with fertile soils,high temperatures throughout 
the year, a
high 	and well distributed rainfall and 
farmers 
who have
sufficient trained 
labour, access to external inputs (e.g.,
fertilizers, high yielding varieties seeds, machinery) 
and
 
easy access to markets 
and credit.
 

If human and financial resources are 
abundant and the 
level of technology 
is high these factors can sometimes compensate for sub-optimal natural resources. For example, the
environment 
can be improved by the introduction of irrigation 	systems, drainage works 
and land levelling. When the
level of technology is low, 
 however, farmers 
 depend
entirely on the existing 
natural resources. 
 The latter
situation is most
the common in the tropics where 80 per
cent of farmers depend 
for their survival solely on their
own labour (with or without animal power) and 
the natural

soil fertility and rainfall.
 

It is sometimes possible increase
to the productivity of
traditional farming 
systems without 
introducing external
inputs by making better 
use of available resources. 
 This
can, 	for example, 
be done by planting at the right times
better weeding and correct 
plant populations. Unfortunately, productivity increases resulting 
from 	these measures are usually 
 small. Therefore, it is 
 normally
necessary to introduce some new 
technology and 
external
 
inputs.
 
When introducing new technology and 
inputs into a traditional 
farming system the existing 
system must change in
order to accommodate the inputs. 
 This change can either be
dramatic or gradual through 
careful preservation of useful
elements of 
the traditional 
system and adapting the system
to increased quantities 
of inputs. Generally, when 
a
dramatic change is attempted whereby 
the entire system is
replaced with a new one designed for 
a high level of external inputs, the change will often not be 
as complete as was
intended and 
many 	undesirable 
elements 
of the traditional
system will remain. 
 The resulting unintentional mixture of
traditional 
7nd new system often results in an ill-adapted
system. On other
the hand, when a 
careful selection
made of the positive elements of the 	

is
 
traditional system and
these 	are appropriately combined with 
external inputs, the
result 
may be a well-adapted 
system. Is illustrated 
in
Figure 4.1, it is in 
the latter situation 
that the highest


productivity can 
be expected.
 
Because of numerous constraints 
it is often not possible
achieve high levels of technology.
to 	

It is then necessary
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2 

Well adapted 	 technology \ 

Traditional systems 

Ill- adapted technology 

Quantity of inputs -

Figure 4.1 	 Comparative efficiencies of different farming
 
systems with respect to use of inputs. (After
 
Harwood and Price, 1975).
 

to raise productivity by introducing some basic inputs.
 
This is often a good strategy: when the quantity of inputs
 
into an efficient traditional' farming system is increased
 
slightly, farm productivity normally increases sharply (see
 
Figure 4.1). As the quantity of inputs continues to in
crease, however, the rate of improvement in traditional
 
systems diminishes. This can be illustrated by considering

the application of fertilizers. When small quantities of
 
fertilizers are applied to crops grown in a traditional
 
farming system the yields increase. Most traditional va
rieties are not, however, highly fertilizer responsive and
 
increased applications do not lead to similar increases in
 
yields. Although traditional farming systems respond
 
greatly to small increases in the application of inputs a
 
yield plateau is reached quickly. On the other hand, al
though high level technology systems respond to high levels
 
of inputs there is a danger that if the technology is not
 
well adapted, the response to inputs will be disappointing.
 

Mixed and relay cropping are important elements of tradi
tional cropping systems. It is better to adapt these
 
systems to increased quantities of inputs than to replace
 
them with sole cropping. This can be easily done by chan
ging plant populations and plant configuration; changes
 
which normally mean that a mixed crop responds to the
 
application of fertilizers. Mixed cropping systems often
 
use more soil moisture than sole crops and they, therefore,
 
are responsive to irrigation. Hence, when irrigation is
 
introduced it is not necessary to chinge from mixed to sole
 
cropping.
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Sequential crupping systems 
 need a 
 high level of
technology and can often not be practised without fairlyhigh 
levels of external 
inputs, particularly fertilizers.
Also, irrigation is 
often a prerequisite for these systems.
 

MANAGERIAL ABILITY OF THE FARMER AND TRADITIONS
 
The level of education and the farmers' understanding oftheir environment 
 and how best to exploit it greatly
influences the character 
many 

of the local cropping system. Inparts of Southeast Asia farmers seem (or seemed)live toin harmony with their environment. 
 The irrigated rice
cultivation on terr'ces in Bali and parts of the Philippines are examples of man "mastering" his environment.the other hand, vast, Ondry barren and eroded lands inparts of Africa show how greatly people can abuse 
many 

andmisunderstand 
 their environment. 
 While an equilibrium
between the biological and cultural environments
usually found in the past, was
this equilibrium was often lostdue to over population and other stresses.
 

Traditions 
and certain superstitions

role in play an important
farming practices in the tropics. A good example is
the ownership of cattle in Africa. In many regions ofAfrica cattle are not kept for economic reasons. Ratherthan being used to provide milk, 
meat and hides, cattle are
used as a symbol of wealth and status. The animals arekept mainly to buy wives and to pay for dowries. In suchcircumstances their usefulness in terms of production is of
minor or no importance.
 

Cruz and Alviar (1975) write that in 
 Quezon Province inthe Philippines planting days are based on the "flonorio
Lopez Calendar" which suggests that plants produce lowyields when planted on days of the 
first or 
last moon quarter. Hence, the farmers in the region only plant duringfull moons. "Time of planting" is, however, often crucialin multiple cropping and a delay in planting crops in 
relay
or sequential cropping 
systems by only a few days 
can
already reduce yields.
 
The cropping calendar and the calendar of social eventsare 
often closely interlinked. 
 Multiple cropping may cause
a significant change in 
the accustomed rhythm of 
life since
relay and sequential cropping often occur in 
what used to
be the off-season. This period between harvesting and planting crops is often the time traditionally used for celebrating marriages, visiting 
relatives,


intensive multiple cropping 
and so on. When 

systems are introduced, extracrops should normally be raised during these periods whichinterferes with local customs and may lead to social tensions. According to Singh and Kumar (1972) these considerations are important 
in India. De 
Sapir (1970) mentions
the same problem in Africa.
 
Dietary preferences sometimes determinecan the character 
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of a cropping system. In 
many parts of the world, and es
pecially in Asia, rice is preferred above all other staple

food crops and farmers are, therefore, reluctant to grow

anything but paddy.
 

A change in cropping patterns often causes a change in
social customs which may or may not be acceptable. When
the farmer clearly sees the advantages of a new system,
when he has tangible wants, or when he has simply run out
of food, changes will be acceptable. On the other hand,
when changes are drastic and greatly affect social customs 
and his needs are not too pressing he will often say:"what would I do if I worked harder and earned more money?"
In such cases the new system may not be adopted. 

When the farmer is progressive and determined to improve
his condition, his success depends on his ability to intro
duce improved cropping systems. If his level of education

and general understanding is high enough to comprehend how 
new, higher yieldi', systems can be introduced, and when he
is willing to prGide the necessary labour, his success
depends on the supply of inputs. Whether inputs are avai
lable to him depends, in turn, on the infrastructure of the 
region and prevailing economic factors. 

INFRASTRUCTURE
 

Introduction 

The lack of physical infrastructure (e.g.,roads, irrigation

works, buildings) and weak agricultural institutions (e.g.,

farmers' organizations, credit unions), often explain why
agricultural development is slow. Generally, only farmers

living in a market economy can expect to have access to the 
farm inputs necessary to increase output. In order to de
velop a region and make it more productive it is necessary
that the infrastructural development be balanced. For
example, neither roads nor irrigation works on their own 
can increase the production potential of an area. Both are 
necessary.
 

Road's 

Roads can spearhead development and often the greatest
single factor facilitating the integration of an area with 
a market economy is the development of the transportation
system. Highway systems and well designed networks of
feeder roads not only facilitate transportation but also
reduce the maintenance costs of motor vehicles and extend 
the life of cars and trucks. Unfortunately, when new trans
portation systems are planned there is often too little
coordination with agricultural planners to ensure that a 
total package of programmes necessary for the complementary 
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agricultural development is provided.
 

Ilrgation 

In most parts of the world year-round cropping cannot be 
sustained under rainfed conditions; irrigation is therefore 
often a prerequisite for sequential cropping. In many areas 
the extent of sequential cropping is positively correlated 
with irrigation. In Taiwan, for example, the Multiple
Cropping Index for irrigated rice is 225 and for rainfed
rice 140. (Wang and Yu, 1975). East Asia, with the lar
gest percentage of arable land 
under irrigation in Asia,

has cropping indices of between 150 anid 200 (Chao, 1975).
The irrigated areas in Indonesia (Oshima, 1973), Thailand 
(Manu, 1975) and India 
(Rao, 1975) have cropping indices of

between 125 and 150. By contrast the Philippines, which 
has little irrigation on a countrywide basis,has a cropping

index of approximately 100 (1larwood and Price, 1976).
 

Irrigated agriculture has a long history in Asia and many
farmers are familiar with it. Consequently, sequential
cropping systems are often adopted relatively quickly after 
irrigation is introduced. Because output under sequential

cropping is far 
greater than under mono-cropping,irrigation

is often economically feasible in Asia. 
 In fact, the

introduction of irrigation may be the only way to increase 
productivity.
 

Irrigation is relatively new in most of Africa and 
farmers have little experience with irrigated cropping
systems. Although irrigation opens up possibilities for 
new crops and increased productivity, it is often doubtful 
whether farmers will be able to adopt cropping patterns
which make use of the water. Further, in Africa there is 
still considerable scope for increasing agricultural
productivity by opening up new land and increasing the 
yield of present rainfed agriculture. Irrigation has,
therefore, often proved to be only marginally economical in 
Africa.
 

In Latin America, rainfall cnn generally sustain at least 
two crops a year. Land is usually not scarce and irrigation
is only necessary and feasible in small areas on this 
continent. 

Maaekt and d(s tai.but(on 

The average farm size in the tropics is "mall. Small far-.; 
are associated with high marketing costs for agricultdral 
products since overheads are proportionately higher.Individual farmers cannot ownafford to transport their 
produce and are dependent on numerous middlemen to do thetransportation and distribution of the produce. These 
middlemen are often poorly organized and take excessive 
commissions.
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When there is no network of assembly and collecting sta
tions and when no processing plants such as rice mills,
 
marketing stalls and centres exist, little economic growth
 
can be expected.
 

There is often a lack of storage facilities in the tro
pics. At present, according to FAO estimates, developing

countries lose 30 percent of their potential food produc
tion to pests. A great share is lost during storage. When
 
crop produce cannot be stored, farmers have to sell at low 
prices immediately after harvest which often makes it 
difficult for these farmers to enter the market economy. 
Consequently, they remain producing at a subsistence level 
where little progress can be expected. Under conditions 
where a farmer cannot rise his status as a subsistence 
farmer,mixed cropping systems are often favoured. Indeed, 
under these circumstances these systems with their lower 
"risk factor" seem appropriate. Multiple cropping 
practices are also advantageous because of the greater 
spread of the harvest over the year which reduces storage 
time for the crops. 

Cap0ta and credit 

It is difficult for small-scale farmers to substantially 
increase production and farm income without capital. Ope
rating as well as investment capital is normally provided 
through outside sources, often through low interest govern
ment loans. 

Throughout the tropics the rural interest rates are high
and sometimes local moneylenders set rates which may exceed 
100 percent per annum. Price (1973) estimates the average 
interest rates o loans from all sources in northeast 
Thailand was 80 percent per annum, and according to Huang 
(1975) the average farm rental in Taiwan, before the land 
reform, was fixed at approximately 50 per cent of the total 
annual main crop yield. Vigo (1965) states that the main 
source of funds in Northern Nigeria is from local money
lenders who charge rates of interest ranging from 50 to 100 
per cent. This situation is also common elsewhere in 
Africa.
 

Major schemes such as construction of irrigation projects
and major roadworks can generally only be financed with the 
aid of regional development banks or the natio al govern
ment. This means that rural development programmes are of
ten dependent on outside sources of capital. On the other 
hand, development can also be initiated by local capital.
Examples of projects which can be financed by local sources 
include storage facilities, introduction of better seeds 
and fertilizers and construction of minor access roads. 

ln tUttUonat 6actou 

A good community-level structure and a fundamental nation
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wide institutional establishment are equally important andcrucial tO Qhe agricultural development of 
a region. It is
almost impossible for a rural community to manipulate itsown complicated production system without assistance froman outside community. Several nationwide institutions arenecessary for agricultural development. Yhe development ofresearch and extension services are of ob,'ious importance,and an institution that can provide credit is generally aprerequi'ite for development.
 
Presently, land ownership is thought to be an importantfactor in development and land reform is a high contentionfactor in the development discussions in many countries.There are some examples of situations where land reformhas wcrked ht it is by meansno clear whether and how itshould be anddune what effects it has on production.Nevertheless, it can be argued that land ownership

crucial in creating an environment necessary 
is 

for promotingagricultural development because 
uneven land ownership mayact as a disincentive for production. theOn other hand,
more equitable land distribution may result in a progressive and achievement oriented rural society in which there
is a need for multiple cropping. 

In Africa, land ownership structures sometimes hinderagricultural development because land belongs to the wholecommunity and singleno individual is responsible for itsuse which may result in limited production incentives. 

POPULATION AND FARM TYPE
 

In.t'oduction 

In principle, there is a maximum population for any given
area which could be supported indefinitely under a traditional cropping system. Without ou'side 
 influence, thephysical environment and the level of technology woulddetermine the population which could be supported in the
area. During the past century, outside influences have
contributed to marked population increaes all over the
tropical world. Production systems thereforechanged so that 
have to bethe limited natural resources available can
support the increased population. The eftects of population pressure include decreasing "arim size, 
 increasing
labour supply and a greater demand for food. Farmers, inturn, must increase their cropping intensities 
 and
production to the point where use made ofmaximum is theresources available. Multiple cropping systems with highfood outputs and high labour demands are, therefore, widespread in withareas population pressure. Often, isthere a direct correlation between the expansion of multiplecropping and population. Examples of 
such correlations are
given by Revelle and Thomas (1970) for Bangladesh and byHerrera and Hlarwood 
(1973) fer Asia generally.
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Empfo!pnent opportunities and tabour reqtaements 

There 	 are three basic factors to consider when analyzing 
labour 	in rural areas in the tropics:
 

(i) 	 the need for employment of landless labou
rers throughout the year; 

(ii) 	 the need for additional labour at key peak 
periods such as weeding and harvesting; and 

(iii) 	 the need to reduce the seasonality of employ
ment and to spread the workload more evenly 
during the year. 

In most areas the greater part of farm labour is provided 
by the family. According to IRRI (1971) family labour made 
up more than 90 percent of the work force in the 
Philippines at Calen, Batangas, and according to Norman 
(1973) almost all the work in farms in Northern Nigeria is 
done by family labour. During peak periods casual labour 
can be hired or exchanged between families, something which 
is quite common in parts of Africa.
 

As shown in Table 4.1 labour requirements vary conside
rably for different multiple cropping systems and in plan
ning cropping patterns it is important to assess both total
 
and peak labour requirements:
 

Table 4.1 
Labour Requirements of Different Cropping Patterns in Taiwan
 

Cropping Pattern Labour Requirements
 
(man-day/ha)
 

Rice-rice 192.5
 
Rice-rice-maize 304.3
 
Rice-rice-sweet potato '12.0
 
Rice-rice-soya beans 325.1
 
Rice-rice-flax 239.3
 
Rice-rice-vegetables 422.6
 
Rice-rice-tobacco 968.0
 
Rice-sweet potato 217.1
 

Source: 	 Research Institute of Agricultural Economics,
 
National Chungsing University, 1972
 

Birowo (1975) found that in West Java, Indonesia, a
 
cropping pattern involving rice, groundnuts and soya beans
 
consistently provided the largest degree of employment and
 
the highest level of labour income both for family labour
 
and aggregate family and hired labour. The labour require
ments for five multiple cropping systems in West Java are
 
presented in Table 4.2.
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Table 4.2

Use of Labour For One Hectare in Five Cropping Systems inTwo
 

Sample Villages in West Java, Indonesia
 

Cropping Systems
 
Itern
 

Rice-
 Rice-

Rice- Rice- Rice- Soya Mung
 
Rice Groundnuts Maize beans beans
 

Annual Labour
 
Requirement
 

a. Man-days 490 423 705
680 678
b. % of available 60 52 87
84 83
 
supply a/
 

Monthly Use of Labour,
 
% of Available Supply
 

October 25 86 59
75 128

November 28 47 46 12

December 84 86 51 51 

22
 
81


January 46 
 48 137 137 137

February 
 23 223 65 66 66

March 
 4 1 24 24 24

April 105 
 59 25 25 25

May 129 115 75 96 96

June 
 90 56 176 155 152

July 53 89 127 
 157 107

August 78 
 8 118 211 105

September 37 4 53
81 53
 

a/ There are on average 2.7 family labourers per farm whose

work is equivalent to 810 man-days per year or 67.5
 
man-days per month.
 

Source: Birowo, 1975.
 

The Indian Agricultural Research Institute 
(1972) analyzed
the relative employment potential of different crop sequences and found that by raising the intensity of cropping

from two crops to three crops 
a year, the employment potential was 
raised by 40-50 per cent, and when cropping intensity was further increased and a quadruple system of mung,maize, potato and wheat was used, there was an increase of80-140 per cent in the employment potential over a double 
cropping system. 

Increased food production and employment creation 
are
official national objectives in most tropical countries.

These examples suggest that intensive cropping systems have
the potential to make important contributions toward the 
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achievement of both objectives.
 

SeasonaJity o6 tabouA 

Since crop production is seasonal in nature,labour require
ments are also seasonal. The actual distribution depends
 
on the cropping pattern. Representative labour profiles
 
for mono and mixed cultures are shown in Figure 4.2.
 

ASSOCIATION OF' 
MAIZE AND MUNGO 

MONOCULTURE 
or MAIZE 

0 

ftJ 

LAND PATN WrD MUNG MAIZE 
PREARTIN ONTROL HARVEST HARVEST
 

STIME 

Figure 4.2 Labour profiles for a maize monoculture versus a
 
mixed culture of maize and mung beans in a hand
 
operated cropping system in the Philippines
 
(IRRI, 1975).
 

Although mixed cropping has generally fewer labour peaks 
than monocropping, the period for land preparation is anexception. It is, however, possible to stagger planting to
 

some extent, and in that case, and in pure forms of relay 
cropping, labour peaks for mixed cropping are lower thanfor single crops. Peak labour requirements for wood
 

control and harvesting are low for crop associations since 
the crop components do not have to be weeded or harvested 
at tile same time. As a rule, the mio-e crops are planted, 
the more likely the workload is spread evenly over the 
year. Although peak labour requirement., for mixed cropping 
systems are generally smaller than for monoculture systems, 
the total labour requirements per hectare is about 60 per 
cent higher. Because peak labour requirements are usually 
a constraint an output in tropical farming systems, mixed 
cropping is preferred. 

Sequential cropping systems normally have pronounced 
labour peaks. The period which is specially critical is 
the turn-around period (tile time between harvesting and 
planting the subsequent crop). In Southeast Asia, the 
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adoption of 
double cropping of rice is 
often hindered by
farmers inability to have short turn-around periods.reason usually given is shortage of labour. 
The 

A short turnaround period is necessary since the two crops of rice canonly be grown during the period when water is available,usually 6 to 7 months which coincides with the growingperiod of two rice crops. Therefore, little time is leftfor land preparation between the two crops. While thisproblem can be somewhat alleviated by staggered planting,solving it completely can often only be done by introducingmechanization.
 

In summary the profile of 
 labour availability has strongimplications for the design of alternative croppingpatterns. Multiple cropping patternsin such can often be designeda way that labour requirementsdistributed are more evenlythan those of monocultures. 

Labour and too&s 

When considering the productivity of labour it is importantto know what type of tools are available. The output of aman planting with a stick will he lower than the output ofthe same man planting with a small hand planter. Similarly,the output of a man ploughing willwith a small hand tractorbe higher than the same man ploughing with the aiddraft animal. Land preparation done solely 
of a 

by hand labourtakes a long time, and frequently over two months for anaverage field. On the other hand, with the aid of draftanimals or tractors, the preparatory time, is much shorter. 
When weather conditions are not favourable for fieldoperations all of the time, hand labour will take comparatively longer since the work can only be carried out duringthe periods when weather conditions are favourable. Becausethe length of the preparatory time is critical, the introduction of a double cropping system in areas where formerlya single crop was planted may fail if sufficient labour isnot available during the period available for land 

preparation.
 
In countries with significant unemployment 
 and underemployment,multiple cropping offers great potenti al for increasedfood production. As labour becomes scarce, less labourintensive systems will have to be found, mechanization willhave to be introduced and, perhaps, the potential for mixedcropping will he reduced. On the other hand, mechanizationis likely to increase the feasibility of sequential
cropping. 

FARM SIZE
 
Small farms are very common in the tropical worldthird of farms in Southeast Asia are less 

- one 
than 0.5 hectarein size, one half of all farms are less than 1 hectare andthree-quarters are less than 2 hectares. The average farm 
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size in Southeast Asia is 1.8 hectares, compared to 1.1
 
hectares in East Asia and 2.4 in South Asia (Iarwood and 
Price, 1976) . In Latin America, the farms are somewhat 
larger, but still very small compared to E~urope and North 
America (120 hectares). According to Pinchinat, et al 
(1976) a small farmer in South America is defined as one 
who operates a production unit of less than 7 hectares and 
practices traditional crop husbandry methods. The majority
of small farmers may le classified as the poorest group in 
rural tropical America. 

In Africa,the land area available to farmers is frequent
ly quite large, but the area actually used is small since 
most of the land is left fallow. 

In Taiwan, it has been recognized that small farm size 
hinders increasing economic efficiency (Wang and Yu, 1975).
This does not, however, apply to tropical developing coun
tries. Two factors that play a dominant role in this ques
tion are the degree of mechanization and social and poli
tical constraints. In order to increase the level of 
mechanization it is often desirable to increase the field 
and farm size. Mechanization is, however, still not an 
important factor in the tropics. In many cases, redis
tribution of land and increasing farm size are not possible 
for social and political reasons. 

It seems, therefore, unavoidable that advances in crop 
production in the tropics will have to be made on relative
ly small farms. This will only he possible if the small 
areas of land are intensively utilized by multiple crop
ping. 

DEMAND, PRICES AND FARM INCOME
 

The development of new markets has a great influence on 
multiple cropping. In Asia, for example, the Japanese 
market has created a demand for products such as cassava 
chips, soya beans, maize and sorghum. When market 
outlets are established, and prices are attractive, farmers 
will more readily accept a cash crop than when markets are 
unassured and prices fluctuating. The new cash crop will 
often fit into a double or relay cropping system. 

Multiple cropping generally leads to higher production
and therefore to higher farm incomes. Andrews (1971) re
ports that in Nigeria relay cropping and intercropping gave
59 per cent and 80 per cent more return per acre, res
pectively, than a sole crop of sorghum, the increase coming

mainly from higher cereal yield. Syarifuddin et al (1973)
found that in Indonesia a mixed cropping system of maize 
and groundnuts gave a net return 70 per cent higher than a 
monoculture maize crop. The Indian Agricultural Research 
Institute (1972) undertook a Cost/Benefit analysis of three 
sequential cropping systems and found, as shown in Table 
4.3, that costs of production increase with increase in 
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Table 4.3 
Economic Analysis of Three Sequential


Cropping Systems In India
 

Cropping 
 Gross Net 
 Net
SysLem Crop Cost 
 Income Return 
 Return
 
per ha per ha per ha 
 per Rupee

(Rs) (Rs) (Rs) (Rs)
 

1 2 3 4 5 6 

DOUBLE CROPPING
 

Maize 908 
 2,972 2,064

Wheat 1,281 
 4,632 3,351
 

Total 2,189 7,604 
 5,415 2.47
 

TRIPLE CROPPING
 

Mung 381 
 1,560 1,179

Maize 908 
 2,972 2,064

Wheat 1,281 
 4,432 3,151
 

Total 2,570 
 8,964 6,394 
 2.49
 

gUADRUPLE CROPPING
 

Mung 
 381 1,670 1,289

Maize 908 
 2,942 2,034

Potato 1,651 
 6,666 5,015

Wheat 1,237 
 3,860 2,623
 

Total 4,177 
 14,894 10,961 2.62
 

Source: Indian Agricultural Research Institute, 1972.
 

cropping intensity. 
 For example, the cost of production of
a double cropping system of maize and wheat was calculatedto be Rs. 2,189 per hectare, while for a triple croppingsystem involving mung, maize and wheat it was Rs. 2,570 perhectare. For a quadruple system the costs were even higher.When, however, net profits per hectare annumper weresidered,it was confound that quadruple cropping of mung,maize,potato and was mostwheat the profitable giving an incomeas high as Rs. 10,961 per hectare. When the croppingsystems were ranked according to costs of production andreturn on investment, the relative position of the different cropping systems altered. The double cropping systemof maize and wheat gave a net profit of Rs. 2.47 per rupeeinvested, while the triple cropping systcm gave 
a profit of

Rs. 2.49 per Rupee inv.ested.
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CONCLUSIONS
 
The conditions under which tropical subsistence farmers
 
operate their farming enterprises are distinctly different
 
from those in the "Western" world. The level of technology

at which most multiple cropping systems are practised is 
quite low. Mixed cropping is advantageous at low levels of
 
technology but is less so at higher levels.Sequential crop
ping systems need relatively high levels of external
 
inputs. Labour surpluses and small farm sizes often make 
multiple cropping both possible or necessary. When there 
are no alternative employment possibilities for labour, an
 
appropriate shadow price should be used to reflect the 
economic value of this input. Inadequate infrastructural 
support, absence of roads and irrigation works all deter
mine the conditions under which the tropical farmers work. 
When assessing the possibilities for imp~ovement in crop 
production in an area, however, the farmer, his level of 
understanding and his incentive to change are of ov,"riding
importance. The potential benefits of multiple cropping 
practices must always be viewed in the context in which it
will be applied. Like other development initiatives, 
attempts to develop multiple cropping will only succeed if 
the local socio-economic conditions and constraints are 
taken fully into account. 
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V Agro-technical characteristics of 
multiple cropping systems 

INTRODUCTION
 
The growth and development of a 
tion 

crop, which is an aggregaof individual plants of the same species, can be
regarded as 
a system with the followin-g-omponents:
 
(i) the characteristics of the plant species;
(ii) the functioning of the plant during its deve

lopment; and
 
(iii) the plant environment.
 

It is 
 the interplay of these components with which agricul
turalists 
are normally concerned. 

Since modern crop varieties have 
a great degree of genetic similarity among individual plants, the characteristics and t ,e functioning of the single plant usually give agood indicction of the characteristics of monoculture
crops. In such systems the crop-environment interaction ismore important than the interaction between individualplants within a crop. On the other hand, in multiple cropping, the interaction between the components of the crop between plants of different species - is very important.At the same time, crop-environment interaction remains asimportant as in monocultures, and consequently, understanding the interrelationships between the physiologicalactivities and the environment of a multi-species crop ismore difficult than for a monoculture crop. 
In sequential cropping, the influences that differentcrops have on each other is generally not very great.These can be summarized as follows: 

(i) A crop can affect the soil structure for the
following crop in the rotation. An exampleof a crop that leaves behind a good soilstructure is soya beans, and examples ofcrops which make land preparation and planting of a following crop difficult are cot
ton and rice;
(ii) Crops that 
 are host to soil borne pests and

diseases 
 may result in a build-up of pests
and pathogens in the 
 soil which may affectthe following crop. Tobacco, for example,
leaves behind nematodes. On the other hand, 
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marigolds have a positive effect by killing
 
or suppressing nematodes; 

(iii) 	 Some crops require large amounts of soil nu
trients or soil moisture and as a result, 
the following crop may suffer shortages. For 
example, crops such as maize and cassava
 
require large amounts of nutrients, leaving

behind 	 a depleted soil. 

(iv) 	 Leguminous crops use little or no nitrogen
and sometimes even produce nitrogen which 
can be taken up by a following crop. 

In mixed and relay cropping,the above factors also apply.
However, since the different species are physically closer 
and more intimate, there are more factors that play a role. 
These factors can be summarized as follows: 

(i) 	The stature of the components of the crop 
association; 

(ii) 	 Growing habits and growing speeds; and 
(iii) 	 Thc competitive power of species. 

Because of these factors, the selection of crops and 
varieties is important in all multiple cropping systems. 

CROP 	AND VARIETY SELECTION
 
Crop varieties used in sequential cropping systems should 
be quite uniform - the individual plants should all mature 
during a set period of time. This can be achieved by
planting a hybrid variety which is photoperiod insensitive. 
The latter characteristic not only assures maturity after a 
set number of days after planting, but it also means that 
the variety can he planted at any time of the year. ['arly
maturity is another desirable characteristic. It permits a 
more intensive organization and greater flexibility, espe
cially in selecting planting times. 

Sequential croppin, of legumes and cereals is a wide
spread practice and is especially advantageous for soilfertility maintenance. Sequential and continuous cropping
of low land rice is quite common in parts of Asia without 
water 	 constraints. It is avantageous for soil management 
reasons it is difficult to cultivate puddled anaerobic 
lowland soils for upland crops and it is, therefore, diffi
cult to alternate upland ciops and lowland rice. 

Crop varieties used in mixed cropping systems should have 
a high plasticity - i.e. they should give fairly stable 
yields over a wide range of plant populations.This allows 
flexibility for varying the crop proportions without se
rious loss in yield. An example is two maize/groundnut
associations; one with low and one with high maize popula
tions. If the maize variety has a high plasticity, the 
yields of the maize will be nearly the same in the two as
sociations because the low plant population is compensated
for by higher cob weight. On the other hand, if the 
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maize variety has a low plasticity and only gives yields at
 a narrow range of populations, 
it is less suitable for
 
mixed cropping.
 

Shade tolerance is an important characteristic for short
statured plants. Shade tolerance of legume genotypes

varies and screening for the most tolerant types is there
fore always useful.
 

The most common mixed cropping associations are those of a legume and a non-legume, often 
a cereal. The outstanding

fact of the legume/non-legume association thatis usually
neither crop gives as large yield ina mixed cultures aswhen grown alone, although normally the combined yield ishigher than when either is grown as a sole crop. On thewhole, compared to pure stands, legume yields are more
depressed in an association than are those of cereals. 
This is illustrated in Table 5.1.
 

Table 5.1 
The Reduction in Yield of Legumes when grown in
 

Legume/Non-Legume Associations
 

Type of
 
Association 
 Reduction 

(%) Reference 

Maize and groundnuts 20-30 
 Syarifuddin, et al (1973)
 

Maize and mung beans 30-34 Syarifuddin, et al (1973)
 

Maize and soya beans 
 20-40 Beets (1977)
 

Castor beans and groundnuts 11-43 
 Evans and Sreedharan (1961)
 

Castor beans and soya beans 
 11-35 Evans and Sreedharan (1961)
 

Millet and beans 
 62 Paul and Joachim (1974)
 

Wheat and lentils 
 64 Papadadis (1940)
 

Setaria and pigeon peas 
 0 Krantz, et al (1976)
 

Tihe selection of the components of an association is impor
tant. Crops and varieties can be screened for suitatheirbility for growth in associations and, of course, crops
specially suited multipleto cropping can be selected andbred. The latter has not been done often and there is considerable scope for breeding varieties for specific crop
ping patterns. This would be in contrast to the presentpractice of only breeding varieties which give maximumyields under optimum "environmental and management levels
found in monoculture systems. 
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PLANT POPULATIONS AND SPATIAL ARRANGEMENTS
 
Crop yield is a function of yield per plant and number of 
plants per unit area. In commercial agriculture "the crop"

is normally a community of individual suppressed plants

(Donald, 1963). Under these conditions yield per plant is
 
relatively low, but since the number of plants per unit 
area is high, the total yield per unit area may also be 
high. The number of plants of a certain genotype that can 
be advantageously planted per unit area depends on the 
environmental resources. When only limited resources are 
available, the plant population should be low; when there 
is an abundance of resources, the optimum population can be 
high. In mixed cropping, plant populations should be opti
mum for mixed cropping patterns to be advantageous. As 
shown in Figure 5.1, the environment should be "saturated", 

+20% +40% +60% increase in total 
_ 	 el
 

IU 

0
E 
S06

04 

o 0'4 

e 5 1 EMaize Area 	 tpopulation in rice' J (plants/ha) 10/) 

o 02-	 43 71 ,o00 
(4'000 	 0 0 . 
20.000 	 'v V 7 

J 43.000 o__ _L 

o 02 04 0'6 08 I'0 

Rice yield as a fraction of its monoculture check 

Figure 5.1 	 Effect of maize population and proportion of the
 
area under rice on intercrop productivity.
 
(From IRRI, 	1973).
 

in other words, there should be a great degree of 
"pressure" on the environment. When maize and upland rice 
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were 
planted in associations, higher total yields wereobtained by associations that had a high total number ofmaize plants per hectare (20.000 and 43.000) than with alow maize 	plant population (14.000 plants/ha.) Total yield
also increased as the interplanted rice population was increased especially for the treatments with low maize popu
lations, indicating that the environment was 
not saturated
 
with the low maize population. 

As shown in Figure 5.2, when the number of plants of a 

(A) YIELD PER PLANT (B) COBS PER PLANT 
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Figure 5.2 	 The effects of plant populations on the seed yield
 
components of maize alone; Mb 2/3 Maize +

1/3 Beans; Mb 1/3 Maize + 2/3 Beans when grown in
 
a replacement series.
 
(From Willey and Osiru, 1972).
 

component 	of an association is high, the yield per plant is
lower than when there are 	 only relatively few plants. Whenmaize is grown as a sole crop, the yield per plant, numberof cobs per plant, grains per cob and weight per grain,lower than when fewermaize plants 
are 

are grown 	 in association
with beans. Since the 
fewer maize plants have more space
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available, they grow larger. In most cases, however, the
 
yield per unit area will be lower, since the increased
 
yield per plant does not fully compensate for the decreased 
number of plants. The yield of the other species in the 
association will, however, compensate for this yield loss. 
When the population of one species of an association is
reduced, and at the same time the population of the other 
crop in the association is increased, the contribution to 
the yield of the association by the first species will
decrease and the contribution of the second species will 
increase. Hence, there is a production shift from the one 
species to the other. Although there will be no effec! on
total yield when the environment is saturated; when he 
number of plants per unit area is too low to exploit iully
the resources, the total yield may change when the 
individual crop populations are changed. 

The way a given number of plants is laid out in the field 
influences the growth, development and yield of the
 
individual plants, as well 
 as the crop as a whole.
 
lquidistant spacing or square planting gives the minimum 
competitive effect on neighbours since the distance theto 
neighbours is maximized and this, theoretically, leads to 
maximum plant yield (Donald, 1963). Since competition is a
 
very inportant aspect of multiple cropping, planting 
patterns are also important. Although equidistant spacing
is not always possible for management reasons, when crops. 
are planted in rows, many patterns and configurations are 
possible. Figure 5.3 illustrates examples of desirable 
arrangements for planting a tall plant and a short plant in 
association. The crops are planted in rows for management 
reasons and the spacing of the short crop is equidistant.
 

The yield of a mixed crop is a function of all factors
discussed above and their interactions. The two main fac
tors determining the yield of an association are the pro
portion 
 of species in the mixture and the populations of 
the species. It is not possible to compare plant popula
tions of different species directly because different spe
cies have different statures which occupy different areas.
 
When optimum monoculture populations are considered, how
ever, it is possible to complare populations of different 
species by using the concept of "plant unit" which isdefined as the number of plants of a certain species that 
occupy a given land area. Crop associations can best be
discussed in terms of plant units and spatial arrangement 
or plant lay-outs. Willey amnd Osiru (1972) give a good
example of such an approach. They grew different mixtures 
of maize and beans. The optimum number of bean plants in
monocultures was twice the number of maize plants. Thus,
when forming the mixtures, one imaize plant was regarded as 
being equivalent to two bean plants. One maize plant and 
two bean plants are iegarded as 'one crop unit". When this 
system is used, the proportion of crops of which the lay
out is given in Figure 5.3.A is one-third maize and two
third beans while in Figure 5.3. B the proportions are 
reversed.
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(A) ONE-THIRD 	 TALL SPECIES (E.G. MAIZE) + TWO-THIRDS 
SHORT SPECIES (E.G. BEANS) 

* 9 0 

* 9 0 

0 
0 J o * 	 0 

(B) TWO-THIRDS TALL SPECIES + ONE-THIRD SHORT SPECIES 

0 0 * 0 
0 0 0 

o 0 
o 0 0 

0 0 * 0 0 17-C~ 

0 00 
0 0 

0 0 0 

00 

Figure 5.3 	 Diagrammatic presentation of desirable spatial

arrangements of crop 
rows of an association of a 
tall plant (o)and a short statured plant (.). 

Beets (1976) used a similar approach in studying mnaizeand soya beans in different associations, Ile postulatedthat when a maize row bordered a soya bean row, two-thirdof the space between the respective rows were used by themaize, while one-third of the area was effectively used bythe soya beans. Thus, the different proportions were obtained by 	 using a space or area approach. The plant populations,proportions and lay-out of rows are shown 
in Figure
5.4. Most combinations are mixed cropping systems whileothers, due to spatial arrangements, are less intimatemixtures and can, therefore, not be considered as mixedcropping systems, but 
are strip cropping systems.
 
The proximity of species 
 in mixed 	 cropping systemns isimportant because it affects the degree of intra- andinterspecies competition. Interspecies competition (competition between plants of different species) is greater

when plants are intimately arranged than when there
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Figure 5.4 	 Diagrammatic presentation of treatments of a mixed
 
cropping trial with maize and soya beans. The
 
in-row spa-ing for maize in all treatments is 25 cm
 
and the in-row spacing for soya beans 10 cm. Row
 
spacings of 90, 60 and 30 cm have been used (the
 
diagrammes are to scale). The + marked treatments
 
are components of a replacement series. (From
 
Beets, 1977).
 

is less contact between the species. Theoretically, the 
higher the inter/intra species competition ratio, the more
 
advantageous mixed cropping is, because plants of different
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species compete less with each other than plants of the 
same species. In practice, the yield of a mixed cropping
system is not only affected by the above but also by suchfactors as changes in micro-climate and changes in pest anddisease occurance induced by the cropping system. All of
these factors are influenced by spatial arrangement of rows 
and individual plants. 

Possible differences between obtaining mixtures by alter
nating rows of species and by mixing species within the rowhave been reported in numerous publications. lerrera andlarwood (1974), for example, found that yields of rows ofmaize planted between rice spaced at 1.4 m.tres were higher
than when the rows of maize were spaced 2.8 metres. The row arrangements of this trial are diagrammatically represented in Figure 5.5.A. In the experiment, both maize row
spacing and the number of rice rows between the maize wasvaried, thus obtaining different areas under rice. In asimilar experiment the areas under rice were varied,but the row arrangement was changed. In this 

not 
case there was no alteration of a certain number of rice rows between

single rows of maize, but two or more maize rows were planted next to each other thus obtaining "units" of maize and"units" of rice. (See Figure 5.5.B.) leastThe intimate
association was obtained by planting three rows of maize
alongside three units of rice rows; each rice unit contai
ning 5 rows (3 X 3); and the most intimate mixture was
obtained by planting two rows of rice between single rowsof maize (1/2 X 1/2) . When the row arrangements werechanged from 3 X 3 to 1/2 X 1/2, the total productivity
increased from 50 per cent to 190 per cent of the mono
culture check. maximumlence, productivity was attained 
when interspecific competition was highest. 

In contrast to the above, it has often been found that inmixtures of maize and legumes, max imum productivi ty isattained at low maize populations (Evans, 1960; Beets,

1976). This is because the widely spaced rows of maize act
 as a windbreak 
 for the legume thereby reducing transpira
tion which leads to higher yields under conditions of

slight moisture stress.
 

An other aspect of plant arrangement which may be of importance is the direction of rows (North-South or East-
West). According to Donald (1963), who reviewed the lite
rature on this subject, yields are generally greater withNorth-South rows than with East-West rows. This is likelydue to differences in the I ight regimes, with superior
lighting in rows, comparedNorth-South as with the poor
lighting on the NUrth side of East-West rows (forNorthern latitudes; South of the Equator the situation willbe reversed). Workers at IRRI (1975) and Samson liarand
wood (1975) who experimented with different row directions
of mixed cultures of maize and rice found no significant
differences between treatments. Pendleton, alet (1963)
who experimented with strip cropping systems o-6-T-T-aize and soya beans, found no significant effect on yield of either
maize or soya beans 
 from strip planting. Some interesting 
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(A) COMPARISON OF INTRA- AND INTERSPECIES CROP COMPETITION 

I 
2.8~W AREA (1) 

IN RICE r i 
0 0 0 0 

• I I *o43 

0 
 0 	 0 0 
-1 • • • e o o 771 oEA, 

0 
 0 	 0 0 
100 ooo • 

(B) 	 RICE -MAIZE INTERCROP SYSTEMS: EQUAL LAND AREAS, 
ALTERNATE PLANT ARRAGEMENT 
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Figure 5.5 Diagrammatic presentation of plant arrangements of
 
mixed cultures of maize (o) and rice (.). Arrange
ments in Figure 5A are designed to compare intra
and inter-species competition and arrangement in
 
Figure 5B are designed to compare different
 
arrangements for total productivity. (From Herrera
 
and Harwood, 1974).
 

differences in yield for individual border 
rows were noted.
 
These differences, although not statistically significant,
 
were also observed by Beets (1976). (See further Chapter
 
VII).
 

Other factors that may affect row direction are the slope

and length of the field. On land susceptible to erosion,
 
planting should be 
done along the contour, while on rectan
gular fields, planting should be done length-wise in order 
to minimize turning of machines or draft animals.
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TIME OF PLANTING
 
The time of planting of crops depends primarily onagro-climatological factors during the season, the growing
periods and growing cycles of crops. In countries of highlatitude planting dates are dictated by temperatures whilein most of the tropics, the planting date is dictated by
rainfall.
 

In multiple cropping systems, the planting time isinfluenced by the factors mentioned above and by the growthcycles of the other crops grown on the same land during the 
year. The time of planting for sequential cropping systemsgenerally depends on the moisture balance and the growthduration of the previous crop(s). The first crop in arainfed double cropping system is normally planted as soon as the moisture balance allows. This mustcrop be earlymaturing, because the second crop will tohave be planted
before the rains tail off. If the rainy season is
relatively short (5 to 6 months), the time of planting is
often critical. 

There are, however, additional factors governing the timeof planting of sequential cropping systems. For example,destructive pests or diseases sometimes occur only during
certain periods the and isof year it necessary to plant
the crop when the damage will be minimal. An irrigatedwheat/soya bean double cropping system practiced inZimbabwe illustrates which factors can be involved and howthey interact. In this country, the date of planting ofwheat is governed by two factors a) susceptibility of the crop to rust; b) sensitivity of the crop to frost. In thearea where this cropping system is practiced, temperatures
just prior to planting are relatively high (maxima of 27 'Cin April). When the wheat is planted too early, heavy
.attacks of rust can be expected since the disease is mostprevalent during hot weather. For this plantingreason, is
not done before May 15. When the planting is too late,however, flowering of the crop may coincide with early
morning frosts in July, and August. Extensive date-ofplanting trials have shown that planting in the two last
weeks of May is significantly superior to planting before or after this period. If soya beans, which are grown in summer, are planted too early, the ripening period of the 
crop coincides with the tail-end of the rainy season whichresults in crop losses 
and harvesting difficulties due toexcessive moisture. 
 Because there is little time available

for land preparation between harvesting soya beans andplanting wheat, minimum tillage techniques are employed. 
In mixed and relay cropping, the sensitivity of plants to
competition during the life-cycle of the 
species in the
association must considered.be Many crops have clearly

defined periods of high sensitivity, and stress during such
periods influences the further development and yield of the crop. Cereals are usually sensitive during tillering and most other crops are sensitive in the transition period
between vege'ative and generative development. It is 
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important to be aware of the stress periods of the species
 
used in the association and plant them so that competitive
 
effects are minimized during the stress periods of each
 
species. This can be achieved by manupulating the
 
"relative time of planting" of the components of the
 
association: e.g., species A can be planted before B,
 
simultaneously with B or after B. Generally, the earlier a
 
species is planted, relative to the other, the less
 
competition it suffers from the other species. This is
 
illustrated with two examples from IRRI (1972).
 

Five crops were relay-planted with rice at four different
 
times. In all cases but one the yields of the relay-crops 
were reduced when these crops were planted seven days later 
than the rice. As the time of planting of the relay-crop 
was delayed, the yields were reduced. The yield of maize 
(a crop which is very sensitive to competition) was less 
than one-third when the crop was planted three weeks after 
the rice, as compared to when the two crops were planted 
simultaneously. Yield reductions were smallest for cowpeas
 
and sorghum. For cowpeas this is not surprising, since it 
is well known that the crop is highly shaue tolerant.
 

In another trial, maize was planted up to 80 days after 
soya beans. The soya bean yield increased dramatically as 
the maize planting was delayed up to 20 days. With 20 to 
60 days delay the soya bean yield decreased sl ghtly and 
when the maize planting was delayed for more than 60 days, 
the soya bean yield increased again (IRRI, 1973).
 

Because the initial growth of soya beans is rather slow 
it seems beneficial to delay the planting of maize for some 
weeks. As shown in Figure 5.6, however, a delay of maize 
planting of three weeks or more will result in severe 
competition for the maize. 

Another example of associations, where relative time of 
planting influenced the yield of crops, was given by Evans 
and Sreedharan (1961). Mixtures of castor-bean with 
groundnuts and soya beans were planted. It was found that 
the absolute date-of-planting had no effect on yields of 
castor-beans in pure stands, but when intercropped with 
groundnuts or soya beans there were significant yield 
reductions for both crops at the later planting dates.
 

FERTILIZATION
 
In sequential cropping systems, the nature of a first crop
 
and the fertilizers used are likely to affect the perfor
mance of the second crop. Similarly, the first crop can
 
have either a beneficial or a detrimental effect on the 
second crop. The magnitude of the effects varies conside
rably but generally they are not great. The greatest
 
effect is on the availability of nitrogen. It is, however,
 
difficult to generalize since the residual effect of nitro
gen fertilization is affected by many variables. Benclove
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Figure 5.6 	 Effect of relative time of planting of the compo
nents of a 
maize/soya bean association. The maize
 
was planted 20 days after the soya beans and is
 
heavy shaded and suppressed.
 

(1970) found that a groundnut crop, if ploughed under after the harvest of the nuts, can return to the soil 32 kgof nitrogen and 25 kg. potassium per hect, , . Hence, ifgroundnuts and maize 
are grown iP a double cropping system,the nitrogen fertilizer for the naize following 	 groundnutscan be reduced. In Malaysia, where the bove was found,maize can only be successfully grown with heavy applications of lime and phosphate. If groundnuts follow maize,then tile legume may be able to utilize the residual effectof tile lime and phosphat2 applied to the maize. Reddi .tal (1973) found that the residual effect of nitro 1,application to rice on a succeeding soya bean cropincreased in yields from 1.3 to 1.9 tons/hectare when thenitrogen applications to the preceding rice crop increasedfrom zero to 180 kg. Nitrogen/hectare. While residualeffects are site-specific, it appears that some residualeffects can always be expected and should be considered infertilizing succeeding crops.
 
Adequately managed and fertilized sequential cropping
systems can maintain production almost indefinately. Thisis illustrated by the work of Lin, et al (1973) who doublecropped rice in Taiwan for 48 years.Average rice yieldswere constant for adequately fertilized treatments (2.5
tons/hectare/crop); 
 unfertilized 
 treatments gave also
similar yields but at 
lower levels (1.6 tons/hectare/crop).
 
In mixed cropping, fertilizer response of the 
individual
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species may change drastically because of interference from
 
the other species in the association. Since the nutrient 
requirements of the components of the association partly 
overlap, it is not sufficient to apply fertilizers accor
ding to the needs of the individual crops, or to sum the 
fertilizer requirements for the components. There are 
complicated interactions which are difficult to measure. 
The effect which an intercrop has on the main crop depends 
on characteristics of the crop such as growth cycle,
nutrient requirements and the competitive power of the 
species during certain periods in the growth cycle. This 
is illustrated by the work of Enyi (1973) who rpoorted that
 
intercropping maize with either beans or cowpeas had more 
adverse effects than pigeon peas on maize yields. This was
 
attributed to the fact that high rates of nutrient absorp
tion by the two legumes coincided with the uptake by the 
maize crop, whereas with pigeon peas, the greatest nutrient
 
demand occurred after the maize crop had been harvested. 
lHao (1972) used radio tracers to evaluate competition for 
nutrients between sugarcane and intercrops and found that 
groundnuts were ic3s affected by the sugarcane than sweet 
potato.
 

In order to determine the exact fertilizer requirements 
of associations, extensive research using sophisticated
experimental designs is necessiry. lowever, when limited 
experimental data is availablu, and an association of a 
high fertilizer demanding cereal and a low fertilizer 
responsive leguminous crop is grown, it seems justified to
 
apply the minimum requirements of the legume as a broad
casted dressing and the full requirements of the cereal as 
a side dressing.
 

IRRIGATION
 
In semi-arid regions, sequential cropping can only be prac
tised with complete irrigation. Sequential cropping has
 
little influence on the irrigation method used, although in
 
some cases overhead systems may be preferable to flood
 
irrigation, since the land preparation for flood irrigation
 
generally takes more time, which may result in excessively 
long turn-around periods. In situations of adequately 
assured water supply, maximum crop production per unit area 
is the objective. This can be achieved by planting at the 
optimum times which is often earlier than is practised by
the average farmer. Irrigation should cease well before 
maturity of the -ron, so that land preparation for the 
following crop is not delayed. Often, residual moisture 
can facilitate tijlage operations. 

The water requirements for crops grown under conditions 
of unlimited availability of water depend on evapotrans
piration and rainfall. As shown below, studies done at 
Kharagpur, India by Mittra and Pande (1972) indicate that 
total water requirements of triple cropping systems 'ary 
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considerably:
 

Cropping System 
 Water requirements in mm.
 

Rice-Rice-Rice 
 3449
 

Rice-Wheat-Rice 
 2543
 

Rice-Potato-Maize 
 2060
 

Rice-Wheat-Jute 
 1957
 

In the experiment, the moisture was partly supplied by
rain and partly by irrigation (respectively 73, 70, 69 and

76% of total requirements).
 

Where water issupply limited and seasonal in nature, itshould be used as efficiently as possible. When water can
be stored, taking into consideration storage losses due to
percolation and evaporation, the water requirements of thefirst crop need to be only tomet the extent of roughlytwo-thirds to three-quarter and water thus saved can bediverted to the subsequent crop(s). For the first crop,water 
should only be applied at critical stages in itsdevelopment. Moisture duringstress germination, floweringand grain formation or other sensitive stages, may lead tosevere reductions in yields. The next crop in the rotationshould receive at least 200-300 mm of water in order to
produce a minimum yield. Crops best suited for these circumstances are deep rooted and drought resistant ones.

In areas with a rainy season of between 120 and 150 days,rain-fed, double cropping is often not feasible due to ashortage of moisture. With small quantities of supplementary irrigation, however, double cancropping sometimesbe done by planting the second crop as soon as possibleafter the harvest of the first, at the end of the rainyseason. This crop will initially residualuse moisturestored in the soil and later some supplementary irrigationis needed. This supplementary irrigation often does nothave to exceed 200 mm. Gener'ally, one crop per year grownunder a high moisture regime will give a lower total yieldthan when two crops are grown, dividing the available water 
between them.
 

Little is known of the water requirements of mixed cropping systems. Because the evapotranspiration of croppedaarea is dependent mainly on the evaporative demand of theclimate, the quantity of water required 
to permit potential
growth and yield of any oihe 
crop or a number of crops grown
in a given area would remain nearly constant, irrespectiveof the number of species. For example, when a tall statured crop, requiring wide spacing, is grown, the evaporationfrom the soil exceeds the transpiration from the plants inthe initial stages growth. theof When tall statured cropis interplanted with a low growing species, the evapotrans
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piration of the association is made up of tile transpiration 
of the two species plus the evaporation from the soil. In 
the case of an association there will be a greater leaf 
area resulting in a higher rate of transpiration, but also 
more shading of the soil, thus reducing evaporation. 
Hence, when changing from monocultures to polycultures, 
there is a shift from evaporation from the soil to transpi
ration from the leaves with the total evapotranspiration 
remaining more or less constant. Consequently, total water 
and irrigation requiremeLts of monocultures and polycl
tures do generally not differ much. Water requirements 
during certain periods in the growing period may, however, 
be different. When the periods of high moisture require
ment of two crops coincide, and if this happens at times 
that moisture stress seriously reduces yields, it may be 
necessary to irrigate relatively large amounts of water. 

EROSION
 

The rate of erosion of a crdpped field depends on five 
factors:
 

(i) rainfall;
 
(ii) soil erodability;
 

(iii) length of slope; 
(iv) slope gradient; and 
(v) vegetative cover. 

The last factor is especially important when considering 
multiple cropping. The better the soil cover, the less tile 
erosion. The soil cover provided by different field crops 
varies. Intertilled crops tend to encourage erosion. For 
example, maize, which is one' of the most common tropical 
crops, generally provides a poor soil cover, and erosion is 
consequently often a problem. When maize is mixed-cropped 
with a second species, especially a legume, erosion hazards 
are reduced because overall soil cover is improved. 

Strip cropping is widely advocated in the United States 
to combat erosion (Brady, 1974). The strips consists of a 
number of rows of an erosion-susceptible crop alternated 
with rows of a crop that limits soil loss. The width of 
the strips depend upon the degree of slope. Practical 
widths vary from 30 metres for a slope of 5 per cent to 15 
meters for a slope of 20 per cent (Wischmuier and Smith, 
1965).
 

CROP MANAGEMENT
 

Sequential cropping systems require high standards of mana
gement. What i- particularly important in these systems is 
the length of the turn-around period (time between harvest 
and planting of subsequent crops). Short turn-around pe
riods can only be achieved if the soil condition immedia
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tely after the harvest of 
 is suitablea crop for cultivation. 
The soil should not be 
too wet or to weedy and there
should not be an excess of plant debris. Therefore,standards of 
weed management have 
to be high throughout the
life of a sequential cropping system.
 
It is, however, often not 
possible to achieve short 
turnaround periods 
without mechanization. 
 Similarly, chemical
weed control often has to be introduced in sequential

cropping systems. 
In mixed cropping, the most 
impo"tant factors that dcetermine the 
level of management are 
"weeding" and "fertilization". Whereas most mixed cropping systems practised bytropical farmers are generally badly weeded, mixed cropping
trials conducted by research workers are 
often done under a
high level of weed management, and fertilizers are almost
 

always applied.
 
Under indigenous conditions, where crops 
are inadequately
weeded, yield losses due to competition from weeds areoften greater in monocultures than in associations sincethe good soilcover provided by mixed cropping reduces theneed for weeding because weeds thenare heavily shaded andkilled under low levels of light. 
 This plant-weed competition is influenced, not 
only 
by the crop species in the
association, 
but also by fertility levels. 
 Nitrogen has
the greatest influence 
on this competition. 
 An example of
actual weed 
response interaction with 
a crop and nitrogen
level 
is shown in Figure 5.7. 
 Weed growth did not increase
significantly 
under maize 
 as the nitrogen level
increased. 
 The increase with mung beans was slight, 

was
 

groundnuts failed but
to suppress weeds 
 at high fertility
levels and 
3.4 tons/hectare of weeds 
resulted.

associations weed growth was 

In all crop

less than in comparable mono

cultures.
 
The weather, and 
especially light conditions, during
growth theperiod influences crop-weed-fertility interactions.Weet weather and low light intensitites generally reducesthe growth of 
the intercrop, but weeds (depending on thespecies) are often more 
shade tolerant, 
and in this casethe intercrop is unable 
to suppress the weeds.
 
When fertilizer responsive high 
yielding varieties are
used, crop associations generally respond to 
high levels of
management. (Palada and 
Harwood, 
1974; Beets, 1977). At
low management levels, 
 however, mixod cropping systems
generally perform 
better than 
monocultures 
because mixed
crops suppress weeds better than sole crops.
 

f'ECHAN IZATION
 
Mechanization 
 is often considered a prerequisite for
sequential cropping systems. 
 To achieve

intensities and yields per unit area, 

higher cropping
 
timely performance of
farm operations 
from land preparation to harvesting and
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Figure 5.7 	 Interaction effects of crop combinations, weed
 
control and fertilizer level on weed growth.
 
(From IRRI, 1973).
 

marketing are important. Often, intensive agriculture and
 
tight rotational schedules leave little or no time gap
 
between the crops, and operations like harvesting, post
harvest handling and land preparation must be mechanized.
 

There are 	 no special problems in mechanizing sequential 
cropping since conventional implements can be used for all
 
operations.
 

Mechanization for mixed cropping systems is difficult and
 
this is often cited as one of the main reasons against 
these systems. Mechanization is, however, often neither 
necessary nor desirable, since mixed cropping practices are
 
frequently found in areas with labour surpluses. In these
 
areas it is often desirable to use labour-intensive
 
production methods, rather than labour saving, mechanized
 
techniques. While seedbed preparation for mixed cropping
 
systems can generally be done mechanically usually cultiva
tion, spraying and harvesting can only be done manually.
 

The adoption of mixed cropping in the technologically 
advanced countries is hindered by the difficulty of 
mechanizing these systems. As agricultural machinery 
becomes more sophisticated, this disadvantage may become 
less important. In the future, it may be possible to 
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design machines with electronic ind hydraulic devices that
 
can differentiate between different plant species. 
 Such

machines could be used 
for weeding and harvesting crops

that are grown in mixtures.
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VI Plant interrelationships and 
competition 

INTRODUCTION
 
When plants are grown together in a community, they will 
affect each other. There will be "interference" and the 
result of this interference can be called "interference 
effect". (Lampeter, 1960). Interference occurs between 
plants of the same species, between plants of different 
species and also between different parts of one plant; e.g. 
between shoots and fruits of tile same plant. The following 
terminology can be used when describing interference: 

(i) Intraspecific:am
same species; 

(ii) Interspecific: 

ong 

betw

individual 

een plants 

pla

of 

nts 

dif

of 

fer

the 

ent 
species; and 

(iii) Interplant: between parts of a single plant. 

The nature and effect of interference is of great interest 
since it has bearing on almost all processes in the indi
vidual plant as well as on the "plant community" or "crop". 
Interference will frequently occur in the form of "compe
tition". Competition is a physical process. With few 
exceptions, such as the crowding of tuberous plants when 
grown too closely, an actual struggle between competing 
plants never occurs. Competition arises from the reaction 
of one plant upon the physica'l factors about it and the 
effect of the modified factors upon its competitors. Two 
plants, no matter how close, do not compete with each other 
so long as the water content, the nutrient material, the 
light and the radiation are in excess of the needs of both. 
When the immediate supply of a :ingle necessary factor 
falls below the combined demands of the plants, competition 
begins. Since the environmental resources necessary for 
growth are usually in limited supply, competition almost 
always takes place at some stage in the development of a 
plant community. The time at which competition will 
commence depends on: 

(i) the level of supply of resources; e.g. soil 
fertility, radiation, moisture balance; and
 

(ii) 	 the nature of the plant community and in 
particular the resource requirements of the 
individual plants, the number of plants per
 
unit area (plant population) and spatial
 
arrangements.
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As plant populations of monocultures are 	 increased, competition will commence earlier and be severe.will moreis more severe because the individual plants 
It 

in the community all require the 	 at thesame resources same time. Onthe 	 other hand, in mixtures, different species requiredifferent resources and 
competition 
is less likely to take
place. The potential advantage of growing species in associations therefore depends primarily on the degree of INTERcrop versus INTRA crop 	 competition (rest. competitionween plants of different and of the same species). 
bet-

This 	 isusually studied in experiments which are set up as"replacement series". 

REPLACEMENT SERIES
 
In replacement series the ofyields different species arecompared with their yields in monocultures by graduallyreplacing a species (a) by a monoculture of another species
(b). A two-phase replacement series is done in two steps 
as follows:
 

100% 	 a 66% a 
 33% a No a
 
o b 33% b b66% 100% b
 

Phase 1 Phase 2
 

Monoculture 
 Mixed 	Cultures of Monoculture

of Species a Species a and b 
 of Species b
 

If the species respond in the same way as in spacing experiments, the 	 yield curves will belinear and later 	 parabolic, or firstasymptotic, as is shown in Figure 6.1. Inthis 	case, competition between the species does not occur.The 	 two species apparently do not interfere with eachother. Although the species grow close enough to affecteach other, they seem to be indifferent to each other,which means that they occupy entirely different "spaces".(Space, defined by v.d. Bergh (1975) as the integrateeffect of all biotic factors on the growth of a species).This situation normally notdoes occur. Generally, thereis interference between the species, often in the form of"competition" but other ways of interference also occur. 

EXISTING PLANT INTERRELATIONSHIPS
 
The ways of interference have been described by many authorsand several terms have been 	 proposed. The terminology usedby v.d. Bergh (1975) is as follows:
 

(i) 	 Indifferent - or Complementary (Trenbath,
1974) Supplementary or Independent 
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Figure 6.1 Replacement series of two species a (-...) and 
b ( ). 

(Dalrymple,1971) or Neutral (Mather, 1974);
 
(ii) 	 Competition - or Mutually Harmful (Mather, 

1974); 
(iii) Hampering; and 
(iv) 	 Stimulation - or Complementary (Dalrymple,
 

1971) or Mutually Beneficial (Mather, 1974).
 

A relationship is entirely "indifferent" when the plants 
do not interfere with each other. This does not normally 
occur, but would apply to double cropping with clearly 
separate seasons, or where adequate fertility and moisture 
are available for all species. 

When two species compete, a yield increase of the one 
specie:; results in a yield decrease of the other species. 
When the yield decrease is equal to the increase there is 
"pure competition". The resource requirements of the 
species are exactly the same, or, they occupy and compete 
for exactly the same "space". 

Ilampering effects are normally the result of toxic 
secretions of one of the species in the community. Cowpeas 
is an example of a crop that secretes a substance which is 
harmful to other plants. 

Stimulation occurs when the productivity of a species is 
increased by sonic action of another species. The best 
example is the excretion of nitrogen by a leguminous plant 
and the uptake of this nitrogen by another species. Another 
example is when the micro-climate is changed by one 
species, resulting in it becoming more favourable for the 
other species. This occurs in annual windbreak cropping 
systems. 
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Relationships normally change during the 
development of a
plant community. 
 Frequently, the relationship will be indifferent 	at the early stage 
of vegetative development and
will later, as the plants grow bigger 
and their requirements of 	"space" 
increase, 	become competitive. The nature
of interference affects the growth and yields of crop

associations.
 

RELATIVE YIELDS
 
In Figure 	6.1 the yields of the 
two components of a mixture
are equal in the monocultures. In practice, it is rarelypossible 	 to find crops or genotypes that give 	 exactly thesame yield. Frequently, tho yield potential of thespecies in the association will 	

one 
only be a fraction of theyield potential of the other species. Hence, the "replacement diagrams" will look like as illustrated in Figure

6.2 . A. 

A8 

ReAOveyield
totl 

Y 
1 	 -..............................
/
 / ". 

/ / "
 ... "".
// ........................

/ / 

'..I //
 

I I 
 II
 

100% 75 50 25 0 Proporhon 100% 75 50 25 00 25 50 75 100% of species 0 25 50 75 100% 

Figure 6.2 	 "Absolute" or real yields in weight per unit area
 
of a replacement series of two species a and b

and same yields converted to "Relative" yields and
 
"Relative Yield Total" 
(-) (B).
 

For a better comparison of the peformiance of the species,
the "absolute yields" (Figure 6.2.A) can be converted intodimensionless "relative yields" 
 (Figure 6.2.3). 
 The
relative yield of the species is the quotient of its yieldin the mixture and of its yield in the monoculture. When
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two species are grown in association, the yield per unit 
area is the sum of the yields of the components of the as
sociation. It is convenient to sum the "relative yields" 
and not the "absolute yields". This sum is called the 
"Relative Yield Total" (RYT). In Figure 6.2.1B the relative 
yields of both species in the 50/5 proportion are equal to 
1 and the sum of the yields (RYT) is therefore equal to 2. 

In Figure 6.3 all types of interference together with 
"absolute yields" converted to "relative yields" are given. 
The higher relative yield totals (2.25 and 2.0) are ob
tained in figures 6.3.d when the two species stimulate each 
other: e.g. a yield increase in one species will result in 
a yield increase in another species. In figure 6.3.a the 
two zpecies do not affect each other and the Relative Yield 
Total is therefore the sum of the yields of tile two compo
nents of the mixture. In Figure 6.3.b tile two species com
pete with each other and an increase in yield of one spe
cies will therefore result in a decrease in yield of the 
other species. Ihen the yield increase is equal to the 
yield decrease, the RYT is equal to the yield of one of the 
species grown on its own; namely 1. 

The relationships between crops grown in multiple 
cropping systems can also be described in economic terms 
(Dalrymple, 1971) by using a conccpt of generalized output
interrelationships. The pure forms of these relationships 
are presented y cometrically in Figures 6.,4.A-C. The solid 
lines represent the production possibilities. The dotted 
lines indicate the varying amounts of Z which would be pro
duced as output of Y is expanded from P. to l, or a 1ove 
ment from A to B along the product possi iity-2iie. Whiei 
the production possibilities have been presented in linear 
form, in reality, tile relationships are Ilkely to be cuivi i
linear. Figure 6.4.A represents a Competitive relation
ship. llere, the output of one crop can Fe increased only 
through a drop in production of the other. Figure .4.11 
represents a Complementary relationship. lere, the output 
of one crop can be increased while tile output of the other 
crop also increases. Figure 6.4.C represents a Supple
mentar relationship. In this case, the output of one crop 
can Ue increased without having any influence on tile output
of the other. These pure forms described above are unlikely 
to be found in realit'. Combinations of each involving a 
competitive relationship are more likely to occur. This is 
illustrated in Figure 6 4.1) where the increased output of 
one crop might initiall result in some increase in output 
of the other, but beyond a certain point (B) the relation
ship becomes competitive. Th is relationship is Comple
mentary-Competitive. In Figure 6.4.1 the output of each 
crop will initially expand independently of the other, but 
beyond a certain point the relationship becomes competi
tive; later, when one crop ripens and its demands on the 
resources decreases, the relationship again becomes supple
mentary. This relationship is Supplementary- Cometitive 
and is quite common since some resources become limiting 
only beyond a certain point. This will, for example, occur 
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when moisture is abundantly available at the beginning ofthe growing period, laterbut becomes limiting and plantsstart to compete for this "input". 

COMPETITION AND PLANT GROWTH
 

Above-gtotu i terjalt 

The influence plant canopies of different species havecan on each other can be divided into: 
(i) shelter effect (reduction in wind speed); and(ii) shading effect (reduction in radiation flux).


The effects of shelter 
 and the change in micro-climate itinduces are discussed in VII.Chapter Shading effects aregenerally associated with competition for light sinceshading is frequently harmful. 
When the canopy of one component of an association is sethigher than that of another, the taller canopy (dominantspecies) intercepts the greater share of the light. If thesoil conditions are non-limiting and the shaded species isnot extremely shade-loving (which is therarely case),

photosynthetic and growth rates 
the 

be near of the shaded plants willto proportional to the radiation which they intercept (Stern and Donald, 1962; Santhirasegaram and Black,1968). The plants will adapt to a certain degree to thelow light levels but some reduction in yield usually results. The general conclusion from all experiments involving competition for light is that the component with itsleaf area higher up in thr canopy of the community is at anadvantage. According to Stern and Donald (1962) it is alsolikely that, if the leaves are horizontal, the advantage isgreater than are erectif they since horizontal leavesintercept more theof total downward light flux per unit
area of leaf than do erect leaves. Since soil fertility as
well as moisture halance becan relatively easily controlled, competition for light differs from that of nutrients or water in that there is no "common pool" fromwhich plants can draw their supplies. Light energyinstantly available and it must be instantaneously 
is 

intercepted and becannot stored. 

Bef-ow-grud ,iteatationshQp 

In the early stage of plant development, roots of individual plants will he far enough apart from each other not tointerfere with the supply of soil factors to its neighbours. However, thesince surface "Ar-a of the root systemis very large, at some stage in the development of a crop,competition for supplies may begin. When the croppingsystem consists of different species, overlapping of rootsystems of the same species within the mixture is likely to 
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begin earlier than for different species. Therefore,
 
intra-specific competition is likely to start earlier than
 
inter-specific competicion. The degree of overlap between
 
components' root systems determines the intensity of com
petition effects (Cable, 1969; Trenbath, 1975). The spa
tial distribution of :ndividual roots, as well as whole
 
rooting systems,will most likely influence the intensity of 
competition. Nelliat, et al (197,1) studied the distri
bution 	of coconut roots an ound thaL the vertical distri
bution of roots is such that the top 30 cm layer of the 
soil was practically devoid of functioning coconut roots
 
whereas pineapple roots were found to be restricted to a 
depth of about 30 cm only. 11ence, theoretically, it would
 
be possible to have a mixed cropping system of coconut and
 
pineapple without below-ground interspecific competition 
and, indeed, this crop combination is quite common. 

Water uptake produces a gradient of water content aro, nd 
the roots. As the soil around the root is dried out, water 
will flow to the depleted soil. Depending on a series of 
factors such as hydraulic conductivity and water content of 
the soil, the depletion zone for water can extend up to 25 
cm from a single root (Klute I Peters, 1969). This means 
that the depletion zone is fairly large and competition for 
water is expected to occur as soon as the depletion zones 
of roots of the different components cf a crop association 
overlap. Competition for water is therefore closely linked 
with spatial arrangements and rooting patterns (Willey, et 
l, 1976). Rooting systems seem to avoid each other to 

prevent competition. This will often result in a deeper 
penetration of roots in crop associations which means that 
more water will be available and competition will be less 
than expected (Lakhani, '976; Fisher, 1975). 

When the specie: are grown in association the following 
factors determine the nature and extent of competition for 
water and nutrients (Barley, 1970; Bowen, 1973; Andrews and 
Newman, 1970) : 

(i) 	 Root prod'uction. Early, fast penetration of 
the soil will often result in a competitive 
advantage; 

(ii) Root density;
 
(iii) 	 Proportion of the root system actively 

growing; and 
(iv) Water and nutrient uptake potential. 

According to Kawano, et al (1974), early uptake seems to be 
the key to success in competition for mobile nutrients. 
The factor 'time' also plays an imp 'tant role elsewhere, 
e.g. when the nutrient requirements of the various species 
occur at the same time, competitive effects can re expected 
to he larger than when the species take up the elements at 
different times. For example, lnui (1972) found that com
petition had a greater depressing effect on the growth of a 
cereal crop in case of an association with cowpeas than 
with pigeon peas. Since the cereal was in its reproductive 
stage at about the same time as the cowpeaa, the depressing 
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effects of this legume on the cereal. might be attributedpartly to the higher nutrient requirements of the formerand partly to the fact that the period of high nutrientabsorption by the legume coincided 	 with that of the cereal.Flowering of the pigeon peas did not take place untilcereal had been harvested, so that in this 	
the 

association theperiod of 	greatest nutrient demand occurred when the cereal
had completed its growth cycle.
 

Chang, et al 
 (1969) studied the competition for nutrientsbetween sugarcane and two 	 intercrops (swe-t potato andgroundnuts) by following the recovery of fertilizer-applied
P 	and K. Measurable effects of intercrops and fertilizerplacement on recovery patterns for P32 and Rb 86 wereobserved. As illustrated in Figure 6.5 there were nodifferences on fertilizer P uptake between sugar cane and 

(a) 	 Spatial arrangement
 
of crop association
 

Sugar cane Sweet potato 

(b) 	 Row*-3- 1 2 3 4 5 6 7 
 8 9 10
 

Placement7 of fertilizer 
E 5 

Tnird sampling 

[]Second sampling 

Ii 	 UFirst sam pling 

0E l~ 

Row --

Figure 6.5 	 Some results of a competition trial with sugar
cane and sweet potato (After Chang, et al,
 
1969).
 

sweet potato but the amount of fertilizer Rb86 (or K) uptike by sweet potato was more than 	 the uptake by stigarcane.Further, when the sugarcane was interplanted with groundnuts, the absorption of the nutrient P32 or Rb86 by sugarcane was 	 more thurn by the groundnuts. This means , they
postulated, that the groundnuts were less affected by the
interplant ing. 

In another competition study, pearl millet and pigeon 
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peas were grown in various associations and it was found 
that there was root competiLion between pearl millet plants 
having lower root cation-cxchange capacity for uptake of K 
and pigeon peas having relatively higher root cation
exchange capacity for uptake of Ca (Daftardar and Savand, 
1971). A shift in the composition of the association 
resulted in a change in competition. Gray (1953) also 
found that the competition between a graminae and a legume 
for K is directly related to the cation-exchange capacity.
 

In mixtures of components adapted to soils of different 
nutrient status, the species or genotypes adapted to low 
nutrient soils have been found to be more agressivc on such
 
soils (v. d. Bergh and Elberse, 1962). When nutrients are 
added in such situations, the competitive power of Lhe 
species will change, or, in other words, the relative 
agressiveness of a genotype in a given mixture \aries 
greatly from crop to crop in response to environm-ntal 
conditions (Trenbath, 1974). 

Competition for nitrogen is discussed separately since 
this element is more mobile, and plays a very important 
role in plant production. Nitrate in the soil is in the 
form of mobile tons and is carried passively in moving 
water. The nitrogen depletion zones will therefore be as 
large as those for water, provided the ions are taken up as 
fast as they arrive at the roots (Barley, 1970). The 
mobility of nitrogen together with a great need for it by 
most plants may lead to s2vere competition for this 
element. However, there could be one exception: when a 
leguminous plant is grown in association with a non-legume 
since leguminous plants can fix their own nitrogen from the 
air. lowever, legumes can readily use either symbiotic or 
combined nitrogen. But the amount of symbiotic nitrogen 
produced is inversely related to the amount of combined 
nitrogen available. When supplied in excess of amounts 
needed for plant growth, combined nitrogen may prevent 
symbiotic fixation (Hiinson, K. 1975). This might mean that 
legumes do compete for nitrogen when grown in association. 
The results of studies conducted by Beets (1976) which are 
discussed in Chapter VII, support this. 

From the experimental evidence available it cannot yet be 
concluded to which extent a leguminous plant competes for 
nitrogen with a non-legume with which it is planted in 
association. Neither can it be concluded that leguminous 
plats do, or do not, fix nitrogen which will later become 
available to another plant in the association. In general, 
the interrelationships are ill understood and more expe
rimental work is required. However, it can be concluded 
that the following factors are likely to affect the level 
of competition between a legume and a non-legume: 

(i) The level of available nitrogen in the soil;
 
(ii) 	The ability of the legume to fix nitrogen. 

This will depend on the species and the 
azotobactor strains in the soils; 

(iii) The light intensity; and 
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(iv) 	The time of overlap of the species in the
 
association.
 

COMPETITION AND CROPPING SYSTEMS
 
The influence different species have on each other depends
primarily on the botanical c.,aracteristics of the species.
Normally, one species will 	 suffer more than the other grown in associations. Or, one species may be more 

when
succesful than the other in securing an undue "share" of the"space", i.e., light, waterthe the or the nutrients, andas a consequence its yield per plant will be only slightly
decreased, not affected, or even increased. In which casewe have a situation of "dominance" and "suppression" or an"aggressor" and a "suppressed" or "subordinate" spccies.This relationship is shown diagramatically in Figure 6.6.Species A is the aggressor and yields 6 weight units per 

6 6 6 6 8 8 

Species A 	 Species A and B Species B 
Yield per plant 6 Yield per plant A8 Yield per plant 3 
Yield per unit areu 24 82Yield per unit area 20 Yield per unit area 12 

Figure 6.6 Diagrammatic presentation of the yield relation
ships commonly found when two species are grown
separately and in association at "normal" seed 
rates. (From Donald, 1963). 

plant and 24 weight units per unit area when grown aasmonoculture. When grown in a mixed culture, it yieldsmore (8 weight units per plant) , because the plants arewider 	 spaced and the plants of species B apparently competeless with species A than plants of species A compete witheach other. (Intra- specific competition is larger thaninter-specific competition) However,.	 species B yieldsmere in a monoculture than in a mixed culture (resp. 3 oad2 weight units) because in the latter it is suppressed by
species A. This situation often occurs with a tall and a
short plant and with a legume and a cereal.
 

Papadakis (1941) made 
 extensive comparisons of cereal/legume mixtures for grain production and he found thatcereal grain produced by a 1 hectare mixture 
the 

was 61 percent more than the gra'in produced by 1/2 hectare of the cereal grown alone. On the other hand, the grain of the leguminous plant produced by hectare of mixture1 the was 9 percent 	 less than that produced by 1/2 hectare of the legumegrown alone. The total yield was 21 per cent higher thanthe average of the yields of the two plants grown alone. 

76 



i A: 2/3 Sorghu. proportion 
(66% sorghum. 33% soya beans) N Low 

N 

4

3 - High
 
u I j I N Low
2 [vVrfV 
~ ~ 

Tall variety Short -eIy HighN level Low N level High N level Low N level 
Sorghum mooculture Tall sorghum variety Sho,- sorghum variety 

High B: 1/3 Sorghum proportion 
N L(33% sorghum, 66% soya beans) 

N 

High
 
N Low
 

> 2 -7 NHigh 

Tall variety Short varity High N level Low N level High N level Low N level 
Sorghum monoculture Tall sorghum variety Shortsorghumvariety 

Figure 6.7 	 Diagrammatic presentation of the yield relationships
 
(grain yields) found in a trial where sorghum and
 
soya beans were grown separately and in association,
 
using a tall and a short sorghum variety and two
 
levels of nitrogen topdressing (From Beets, 1976).
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Beets (1976) obtained similar results when he grew twovarietieb of sorghum together with soya beans in a two
phase replacement series (see Figure 6.7). The tworieties of sorghum vawere a short and a tall variety. Twolevels of nitrogen top-dressing--were used.-In both phasesof the replacement series, a higher soya bean yield wasobtained when the legume was grown in association with theshort sorghum variety. In the one-third soya bean proportion the yield of soya beans was lower when tile sorghumtopdressed; was25 per cent in case of the snort sorghum and 33 per cent in case of the tall sorghum variety.sorghum variety suffered more The shortfrom competition from thesoya beans than the tall variety. 

In the above experiment only two factors i.e. plantheight and nitrogen level were studied. However, otherfactors such as 
plant densities, moisture balance, 
relative
time of planting of species, of aall influence the outcome 
crop association.
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VII Agro-ecological, biological and plant
 
physical aspects
 

CLIMATE AND SOIL
 

Inttoduction 

The tropics are characterized by a rather regular climate 
with regard to solar radiation, air temperature, wind speed 
and evaporation. Annual air temperature fluctuations gene
rally have only a marginal effect on plant growth since 
temperaturcs are normally conducive for plant growth 
throughout the year. in most regions of the tropics, and 
especially in the semi-arid regions, water availability is 
the major constraint to agriculture, particularly to year
round agriculture. Therefore, cropping systems normally 
reflect local moisture conditions. When considering mois
ture availability in relation to cropping systems, the 
relevant parameters are: 

(i) seasonal rainfall regimes; 
(ii) intensity and effectiveness of rainfall;
 

(iii) variability and reliability of rainfall; and
 
(iv) evaporative demand. 

Seso~ae .AainaU.reghbne 

In the tropics, seasonal rainfall patterns can often be 
related to farming systems and problems of water supply. 
There are two broad categories: uni-modal and bi-modal 
rainfall patterns. Generally speaking, bi-modal patterns 
offer 'the largest scope for sequential cropping (under 
rainfed conditions) since there is enough moisture for more 
than one crop. Uni-modal rainfall patterns which are of 
sufficient duration (at least seven month;) to support two 
or more consecutive crops, can only be found in limited 
regions in the world. Mixed and relay cropping systems are 
often advantageous in areas with uni-modal rainfall pat
terns of relatively short duration because, in such situa
tions, it is important to grow the maximum nunimcr of crops 
when adequate moisture is available. 

In addition to the length of the rainy season(i) , the 
"severity" of the dry season is important because it deter
mines the extent to which crops can survive during the dry 
period. Generally, when there is less than 100 'mn of rain 
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per month, the dry season 
is classified as severe and most
crops cannot survive if the drought lasts longer than three 
months.
 

Areas with severe and long 
 dry seasons and relativelyshort uni-modal rainfall patterns are found mostly innorthern and southern Africa and 
the Indian sub-continent.
Moving from these regions towards the equator there are 
areas with: 

(i) a single rainy andseason a single dry sea
son;

(ii) a bi-modal rainy season separated by a rela
tively more pronounced dry season; and
(iii) a bi-modal rainfall pattern with no severe
dry season around the equator. 

Intensity and effectvenes of 4ain6at 

In the tropics, a high proportion of rainfall occurslarge storms of high This 
in

intensity. characteristic isimportant for both soil erosion and the effectiveness ofrainfall. 
 Effective rainfall in agricultural terms is that

portion 
root 

of the water entering the soil and remaining withinrange. Effective rainfall is lower than total 
rainfall

because of water losses due 
to:
 

(i) deep perco: ation; 
(ii) run-off;

(iii) evaporation; and
(iv) low waterholding capacity of the soil. 

All these factors are, to some extent,influenced by cropping systems and crop management. There is a 
 significantinteraction between cropping systems and effectiveness ofrainfall. Multiple cropping systems provide cogood soilver which reduces run-off and evaporation. Both the effectiveness of rainfall and water-use efficiency are, therefore, often better with well designed multiple croppingsystems than with monocultures with longer periods of partial soil cover. This is illustrated by work done at theIndian Agricultural Research Institute (1972) where fieldinfiltration rates fourof multiple cropping systems weremeasured in situ. As illustrated in Figure 7.1, 
 it was
found thafthe infiltration rates increased as the cropping
intensity and soilthe cover increased.
 

High infiltration 
 rates not only increase the water-useefficiency but also result in less erosion because there is 
less run-off.
 

Downpours of high intensity can cause mechanical damageto plants, especially during those periods when the crop issensitive to damage (e.g. tobacco when it is almost ripeand cotton when the bolls have opened). On the other hand,low intensity rainfall of long duration is usually accompanied by prolonged periods of high relative moisture contentof the air. This condition encourages the development of 
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Figure 7.1 Field infiltration rates of four multiple cropping 
systems in India.
 
(a) Double cropping of maize and wheat;
 
(x) Triple cropping of maize, mung beans and
 

wheat without cultivation and
 
(o) the same system with cultivation;
 
(6) Relay-cropping with mung beans, maize, toria
 

and wheat.
 
(From Indian Agric. Res. Inst., 1972)
 

fungal and other diseases. When planning cropping systems,
 
the intensity of rainfall during different seasons should,
 
thereforo, be taken into account to help choose suitable
 
crops anJ planting dates.
 

Variability and rePtiabiebty o6 tainf6a 

In areas with marked seasonal rainfall patterns, variabi
lity and reliability at the start and finish of the rainy 
period are particularly importan" since the first deter
mines planting dates and the latter determines whether 
early or late maturing varieties should be used. Reliable 
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rainfall is defined as 
a specified amount of rainfall with
 
a specified minimum probability of occurrence.
 

The amount of reliable rainfall in the pre-rainy periodis small in many areas. 
This period is, however, important,
since earl), planting is normally advantageous. It is,therefore, desirable that the probability of receivingminimum amount of rain in this isperiod known. The mini-
a 

mum amount that is necessary to "start" the season variesfrom crop to crop and area to area. The best criterion todefine the start of the season is whether the amountrain during this period is sufficient 
of 

to support plant
growth.
 

The 'road concept of "effective planting rain" canused to roughly indicate the start of the 
be 

season. "Aneffective planting rain" and the "effective start of the
season" 
can be defined as follows:
 

(i) the rain wets the top 5 cm of the 
soil to
 
field capacity; and


(ii) no day of zero available moisture 
occurs in

the 10 days following the planting rain.
 

Evapomatve domand 

Potential evaporation is more constant from year 
to year
than rainfall because of the small 
variation in determinants such as solar radiation. Both rainfall and evaporation determine the availability of water which is themain factor governing cropping systems in the tropics.Cropping systems however,can, influence the actual evapotranspiration of the different components of the cropping
systems and the soil evaporation/crop transpiration ratio,
and hence consumptive water-use. Water consumption 
 of acrop is defined as the 
sum of the water evaporated from the
ground surface and that transpired by the crop canopy during the growing period. inundated fields not covered by
crop, vegetation, or other soil cover, have a high 
a 

rate of
evaporation, especially during periods of high radiationintensity and strong winds. 
 When a crop covers the soil,
evaporation is reduced. Hence, plantthe transpiration/
soil evaporation ratio is a function of leaf area which, in
turn, depends on the cropping system. As this 
ratio increases, efficiency of water-use increases and conditions for 
plant growth impreve. The influence of cropping systems onevaporation and micro-climate are, however, not usually
highly significant.
 

WATER AND CROPPING SYSTEMS
 

PeRiod oj wate4 av .4 abbLfty 

"Availability of 
.ater" and especially "non-availability of
 

82
 



water" or "drought" should be expressed in terms of plant
 
response to the moisture balance. 
 Generally, definitions
 
of availability of water which cover only rainfall are not
 
satisfactory because plant growth, the ultimate objective,

is not included as a criterion of moisture availability.

Different environments can be compared in terms of plant

growth potential. Also, both the suitability of an environ
ment for crop production and the relative importance of
 
different factors of a particular environment on crop

growth can be assessed. In tropical agriculture "availabi
lity of moisture" is usually the most important criterion
 
for crop production. When moisture is related to crop

growth and production, there is a significant correlation
 
between individual parameters such as total seasonal rain
fall, frequency and length of drought, date of planting,

and humidity and temperature. These correlations alone,
 
however, offer little prospect of assessing the suitability

of a cropping system to a particular environment, or, of
 
estimating the long-term production of a particular crop
ping system in a specific environment, or, the relative
 
merits of different crops in a particular environment. It
 
is necessary to combine these individual parameters. The
 
combination of the different ways of expressing moisture in
 
terms of plant requirements (rainfall, drought, transpira
tion, evaporation) into the single concept of "moisture
 
balance", will give better correlation with cropping sys
tems performance than can be obtained when an attempt is
 
made to correlate the separate factors with plant produc
tion. Cochem6 (1968) gives an example of describing the
 
"moisture balance" and "availability of water periods" of a
 
semi-arid area in West Africa. Curves reprt'senting R (rain
fall) , E. (Potential Evapotranspiration) were plotted to
gether with fragments of curves representing Et/10 and 
Et/2. (See Figure 7.2). The two points of intersection 
R= /2 define the boundaries of a period called "humid", 
during which there is a water surplus. The first two 
R=Et/2 points delimit a "moist" period. A third defines the 
end of the "moist + reserve period", when up to 100 mm of 
water are stored in the soil at the end of the humid 
period. The length of this period depends on soil moisture
 
storage characteristics. Two intermediate periods can also
 
be recognized, before and after the humid
one one period,

which identify the moist period. The period for land pre
paration covers the period from R=E t/10 to the beginning of
 
the moist period. 

When periods of "water availability" are described as 
above, a cropping calendar can be designed. When doing so 
the first point to consider is the length of the period for 
land preparation. The slope of the rainfall curve in this
 
period will differ in varioas locations. This is important
 
because the length of the period for preparation is direct
ly related to the slope of the rainfall curve - the 
steeper

the curve the shorter is the time available for prepara
tion. The shorter this period, the larger the machinery
pool or the bigger the labour force required, which, may be 
a constraint. The seriousness of this constraint may be 
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Figure 7.2 	 Graphical comparison of rainfall R with Potential
 
Evapotranspiration (E ). E /2 and E /10 define
 
preparatory, intermediate, oist, motst + reserve
 
(res.) and humid periods.
 
(From Cochem&, 1968).
 

related to the 
structure and texture of the soil.Generally,

light reddish 
soils are 	easier to work than heavy tropical

black earths, especially when soil moisture conditions are
 
not ideal. Thus, they generally require less labour and/or

mechanization.
 

At the beginning of the moist period, when Et/2=R, actual
 
evapotranspiration of partially bare soil 
is about one-half
 
of potential evapotranspiration. Because water does not 
limit crop grnwth, this time is suitable for sowing. The 
length of the "humid" and "moist + reserve period" deter
mines the most suitable cropping system. If the latter 
period is 	less than about 90 
days, 	sole and mixed cropping

should be pra'.ticed. If it is between 90 and 160 
days,

relay cropping is the most appropriate and if it exceeds
 
160 days, sequential cropping is possible.
 

The next point to consider is matching the growth and
 
biological characteristics of the individual crops and
 
cropping systems. The major relevant biological characte
ristics are:
 

(i) length of growing cycle(s) of the crop(s);

(ii) 	 occurence of periods of stnsitivity to
 

drought during the growing cycle and over
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all water requirements during the growing
 
period;
 

(iii) 	 sensitivity to wetness during the growing
 
cycle, (e.g. many crops should be harvested
 
in a dry period; when early maturing ground
nuts ripen in a moist period, "sprouting in
 
the field" will lower yields); and
 

(iv) 	 sensitivity to pests and diseases (many
 
crops are more sensitive to pest and disea
ses during periods of extreme drought or
 
wetness; e.g., sorghum is more sensitive to
 
fungi during wet than dry periods).
 

When these climatic and biological factors are taken into
 
consideration, suitable crop species and cropping systems
 
can be 	selected.
 

Actuawtva-teA use 

Water consumption of crops depends on plant characteristics
 
and varies between varieties and environments. Kung (1971)

estimated the average total water consumption for a number
 
of crops in some Asian countries as follows:
 

Water
 
Consumption Growing Total Water
 
per month Period Consumption
 

Lowland 	Rice 150 - 200 mm 5 months 
 750 - 1000 mm
 

Maize 85 - 100 mm 4 months 350 - 400 mm
 

Groundnuts 80 - 100 mm 5 months 400 - 500 mm
 

Soya beans 75 - 100 mm 3.4 months 300 - 350 mm
 

Because water consumption for individual crops differs, it
 
is important to consider this factor when matching crops
 
and environments.
 

The next issue to be considered is the total water con
sumption of a multiple cropping system. Will the water
 
consumption of a double 
cropping system of, for example,

rice and soya beans, be the sum of the consumption of the 
individual crops or will it be less or more? Similarly,
what are the water requirements for a mixed cropping sys
tem? Few experiments addressing these issues have yet been
 
undertaken. However, 
since multiple cropping systems pro
vide better soil cover, less evaporation would be expected

than for monocultures. 
 Better soil cover also results in 
less run-off. The moisture retained in these ways can be 
used by the crops. Hence, it can be postulated that while 
water-use in the form of transpiration of multiple cropping 
systems is higher than in monocultures, evaporation and 
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run-off losses are less. Consequently, the environment may

have more moisture available (with equal inputs) for multi
ple cropping systems than for sole crops. This is illustra
ted by the work of Beets (1976) who measured the moisture 
content of soils at successive depths under a maize mono
culture and a maize-soya bean asscciation. lie found that 
at all times and at all soil depths - with one exception in
each case - the soil of the association was dryer than the
monoculture soil indicating higher water-use by the asso
ciation. 	 (See Figure 7.3) If the season is dry, and mois-

OAT( or R(OOD,.G 
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Figure 7.3 	Measuring of soil wetness by nylon block resist
ances at successive depths in the soil under a
 
maize monoculture (--) and a maize/soya bean
 
mixed cropping system (---) at six occassions
 
during the growing period. (Beets, 1976)
 

ture limits crop growth, the association could suffer more
from moisture stress than the monoculture (subject to
inter- and intra-plant competition and rooting patterns).
When water is in abundance, however, and this was the case

in the season these crops were grown, the increased moist
ure-use increased growth and yields. In the experiment,
only at one date and at two depths was the soil of the
maize monoculture drier than the soil of the association.
This could possibly be explained by the fact that weeding
had taken place just yrior to this moisture measurement and
that the stirring of soil increased the soil surface, which
resulted in a higher evaporation from the stirred,uncovered
topsoil of the maize monoculture than from the unstirred
soil covered (by soya beans) under the association. In
other words, the water evaporated by the soil in the mono
culture was "lost water".
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.trought and ropping sy4enL 

Crops differ in their reaction to moisture stress or
 
drought, and a cropping system that is drought resistant in
 
one environment may be quite unable to tolerate a less se
vere 	drought typical cf a different environment. Important

factors that affect the drought resistance of cropping 
systems are:
 

(i) 	soil fertility;
 
(ii) root development;
 

(iii) plant population;
 
(iv) shading or sheltering;
 
(v) 	sensitivity of crops to drought at different
 

stages; and
 
(vi) time of planting.
 

High soil fertility normally anhances plant growth which
 
generally means good root development. The better the root
 
system the more easily the plant can extract water and the
 
less 	susceptible it is to drought. In mixed cropping, root
 
systems are often better developed than in monoculture sys
tems which means that mixed cropping systems could be more 
drought resistant. (Subject to inter- and intra-plant com
petition).
 

Mixed cropping systems can also be less subject to damage

from drought because the absolute plant population of the
 
individual components of the association is lower than for
 
monocultures. With lower plant populations there is more
 
water available per plant and the risk of moisture stress
 
is reduced. This is supported by Andrews (1973) who found
 
that sorghum grown in association with cowpeas was less
 
susceptible to moisture stress than sole cropped sorghum

planted at a high plant population. This resulted from two
 
factors: (i) the sorghum plant population was lower in the
 
association than in the sole culture; and (ii) the sorghum
 
was 	 deeper rooted than the cowpeas and therefore did not 
suffer from moisture competition from the cowpeas.
 

One component of a crop association sometimes changes the 
micro-climate for the other component through shade or 
shelter reducing the evaporative demands of a crop which 
then needs less water to maintain turgor pressure. In such
 
systems, the sheltered species suffers less from drought.
 

The quantitative importance of drought in crop production

depends on the time and stage of development when the 
drought has the greatest impact on yield. Some crops have 
an all-round resistance to drought while others are rela
tively resistant only during certain stages of development.

Maize, for example, is quite drought resistant in the seed.
 
ling stage since the plant is protected by the first leaves
 
which envelop it. Later, however, during the flowering
 
(tasseling) stage the crop is very sensitive to drought.

This also applies to most other cereal crops. Soya beans
 
and most ,ther legumes are sensitive to moisture stress
 
during the pod formation and pod filling stages.
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In the design of cropping systems, it is essential to
know the sensitivity of crops to drought and to define the
quantitative effects 
of water deficiencies during the dif
ferent stages of crop development on yield. Planting dates
should be chosen in such 
a manner that the periods of water
deficiency coincide with periods of drought tolerance. When
 
crops are planted in association, 
relative planting dates

should be chosen so that the critical stages of the diffe
rent species do not coincide.
 

LIGHT AND CROPPING SYSTEMS
 

SqtaA ad~ation distbut~on 

Solar radiation distribution is closely related to 
rainfall

in the tropics. Although radiation maps are useful guides

for assessing the agro-climatic potential of different
 
regions, radiation is a less critical factor than rainfall.
 
Radiation levels are highest in the 
dry zones of the
tropics (up to 200 kcal/sqcm/year in the Sahara). These
levels are not excessively high for agriculture per se, but
since 
they are almost invariably accompanied by unavail

ability of water, they are of use
little for agriculture.

In most of the areas 
of the tropics with more moisture, the
annual radiation 
varies from 130 to 170 kcal/sqcm/year

which is considerably higher than for temperate climates

(80 to 140 kcal/sqcm/year). Because 
high radiation levels
 
are 
accompanied by high temperatures this further enhances
 
the agricultural potential of 
the tropics.
 

In most areas, especially those with pronounced 
wet and
dry seasons, there is a marked 
annual variation in radia
tion receipt. 
 Because dry season radiation is always

higher than in the wet season, yield potentials are also

higher. Since the availability of water is normally low
during this period, plant growth is 
retarded. If,however,

irrigation is available, yields of most crops 
are higher in
the dry season than in the wet season. In case of rice

there can be a difference of about 20 
per cent.
 

Lea6 aAea and tgLht intemception 

Whether crops 
are able to use high radiation and light

levels depends on the inherent ability of species and on

the Leaf Area Index (LAI). 
 As the number of leaves and
their size increases, light absorption and the rate of dry

matter production also increase. The optimum LAI 
depends

on the crop species, the season and 
the light intensity. A
higher LAI will generally lead to more photosynthesis and,

therefore, the ideal foliar development of a crop would

hypothetically be immediate
the attainment of the optimum

LAI upon crop emergence. Relay cropping systems approach
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this ideal somewhat since the canopy of such systems is
 
formed of 	plants of different species which are in diffe
rent stages of development. At a given stage the LAI of
 
species A 	may be optimum or just below optimum, while the
 
LAI of species B, which has just emerged, is low. The LAI
 
for the two species together may, however, be optimum and
 
the two species will be able to capture most of the light
 
effectively. At a later stage, the LAI of species A will
 
be reduced from optimum to nil (when the crop is harvested)
 
but the foliage of species B will rapidly replace it.
 

In mixed cropping systems the situation is similar since
 
the combined leaf area of the species in the association is
 
normally 	larger than in monocultures and the build-up of
 
the LAI is more rapid. This is supported by work under
taken at 	IRRI (1975) where LAI's, photosynthetic efficien
cies, and dry matter accumulation of maize and rice mono
 
and mixed cultures were measured. The maximum LAI for
 
maize was reached six weeks after seeding and the maximum
 
LAI for rice was reached twelve weeks after seeding, or,
 
after the 	maize was harvested. (See Figure 7.4). The maxi

10 	 Rice alone 

'/
 
iI Maize and Rice\ 

4 ,//
 
//
 Maize alone 

2-	 (60 000 plants ha 

0 2 4 6 8 10 12 14 16 
Weeks after seeding 

Figure 7.4 	 Total leaf area index of a rice/maize crop
 
association (V), a monoculture of rice (0) and
 
a monoculture of maize at 60.000 plants/ha (0)
 
over the growing period (After IRRI, 1975).
 

mum LAI for the a.sociation was between these dates. Maize 
alone had a relatively low leaf area duration (leaf area 
integrated over time) , while rice alone had a considerably 
higher leaf area duration. A, a result, the total dry 
matter production and grain yield of the a'sociations was 
higher than those of either crop grown as monocultures. 
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With mixed communities, not only the combined LAI is important, but 
also the extent 
to which each species in the
association contributes to 
the LAI. It is further important
to know how much mutual overshading takes place by thespecies since a high LAI for 
a tall species may lead to
excessive overshading of the lower species. Beets (1976)
studied this in mixed cropping systems of maize and soyabeans by measuring the "canopy cover" which is closely
related to LAI. Figure 7.5 
shows how the "per cent canopy
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Figure 7.5 Percentage canopy cover in 
one monoculture of
 
maize (M), one monoculture of soya be;ns (S), 
and
 
two mixed cultures of maize and soya beans 
(A and
 
F) (Beets, 1976).
 

cover" varies in space in monocultures (M) with a plant population of 
44,444 plants per hectare and rows spaced 90 cm
apart. Naturally, the canopy 
cover is highest just above
the rows. At the time the measurements shown in Figure 7.5 were taken (five weeks after planting), the canopy coverjust above the row was 100 per cent and the percentage
cover gradually dropped to 20 per cent at the mid-pointbetween two 
rows. Mixed cropping system A consisted of analteration of maize and 
soya bean rows spaced 60 cm. The
pattern of cover provided by 
the maize is similar to the
pattern of 
the maize monoculture (MI. Ninety 
per cent of

the soil above the row of soya beans was covered but this cover quickly dropped to nil 
at about 20 
cm from the middle
of the soya bean row. There was no overshading of soya
beans by the maize. In system F (three rows of soye beansbetween single rows of maize) the maize overshades the soya
beans. As the LAI oL the maize increases, so does overshading. The more ir.cimate the association, the greater the
rate at which this overshading takes place, and the greater
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Figure 7.6 	 Percentage soya bean canopy cover as percentage
 
of total canopy cover (maize + soya beans) in
 
four mixed cultures. (Beets, 1976).
 

the proportion of the soya beans which is overshaded. This 
is illustrated in Figure 7.6 where the soya bean canopy 
cover is plotted as a percentage of the total canopy cover 
(waize + soya beans), from planting to physiological matu
rity. In the monoculture system the canopy cover increases 
to 100 per cent. In all mixed cropping systems, the soya
bean covers increases initially, but from the seventh week 
after sowing all covers decrease,except for the system with 
only a small proportion of maize. The decrease in covei is 
due to overshading of maize and is greatest for the most 
intimate system. The yield results of the trial show that 
the yield performance of the mixed cropping system was 

91
 



negatively correlated with the degree of overshading of the
 
soya beans. Treatment G, where 
the soya beans were hardly

overshaded, performed best with 
a Land Equivalent Ratio of
 
1:39. There was also a positive correlation between degree

of overshading and lodging of the soya beans-in system G

there was little or no lodging and the soya bean yield in
 
system F was reduced because of severe lodging.
 
A reduced radiation level not only caL;es lodging, but
 

also leads to changes in the physiological processes of the

plant. Generally, shaded plants tend to grow taller 
and
 
more spindly than solitary plants which results in an 
un
favourable grain/straw ratio. In monocultures grown with
 
high plant populations, mutual overshading of leaves and

lodging can be severe. On the other hand, when a tall crop

is grown with lower populations in association with a low
 
statured crop, the tall crop suffers 
less from intra-speci
fic shading. Inter-specific shading does not occur since
 
the shorter species is unable to affect the light environ
ment of its neighbours. Under these conditions, plants do
 
not need to grow tall to compete for sunlight and lodging

of tall species is reduced.
 
Andrews (1973) found that neither millet 
nor maize grown


in association lodged as the crops would normally do when
 
grown as sole crops. Pendleton (1963) and Beets (1976)

found that maize grown in strip cropping systems lodged

less than in monoculture systems. Soya beans, the shorter
 
species in the strip cropping system did, however, suffer
 
from lodging.
 

Peant a.Arangeinent and Zight interception
 

Shading normally decreases yield either by reducing photo
synthesis or by contributing to lodging. In order to mini
mize the reduction in light to a single plant, it seems
 
necessary to the between
maximize distance individual
 
plants. This can be done by using equidistant planting

patterns which minimize the competitive effects of neigh
bouring plants, thus maximizing yields. Donald (1963)

showed that equidistant spacing gives highest yields in

monoculture crops. Since the 
effects of plant competition

play a greater 
role in mixed cultures than in monoculture
 
the effect of planting patt,;rn in the former is pronounced.

In mixed cropping systems based on manual labour, it is
 
feasible to plant crops in an equidistant pattern. As me
chanization increases, however, and particularly in relay

cropping systems, row cultures may be needed for managemenc
 
reasons.
 

When row planting is used, row and row
spacing direction
 
are important points to consider. The effect of varying

the row spacing is relatively simple. Generally, the clo
ser the rows, the more the pattern approaches the "ideal" 
equidistant pattern. 

Row direction may also be of importance in multiple crop
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ping systems. While few experiments have been done, the
 
little evidence available shows that yields are greater
 
from crops planted in north-south rows. This is not sur
prising since the light regimes in rows varies as the bear
ing of the row is changed. These effects seem greatest in
 
strip 	cropping systems since differences in light regimes 
are more pronounced in such systems. Pendleton et al 
(1963) as well as Beets (1976) found that in strip crop
ping systems of maize and soya beans, the yields for the 
north soya bean rows in a strip planted east-west were 
considerably higher than for the south rows. Also, the 
yields for the east row in the north-south planting excee
ded those for the west rows. 

The row direction may also influence the photomorphogenic
 
processes in mixed cropping systems.
 

The effects of plant arrangement and row direction may be
 
summarized as follows:
 

(i) 	both inter- and intra-plant competition can
 
be influenced;
 

(ii) 	 the light regime may be influenced through 
differences in light interception and sha
ding; and 

(iii) 	 the moisture regime may be influenced
 
through differences in evaporative demands.
 

CROPPING SYSTEMS AND MICRO-CLIMATE
 

Intoduc.tion
 

The effects different crop species grown in association 
have on each other is often not direct but, rather, occurs 
because one specie changes the crop environment or micro
climate in such a way that giowing conditions for the other 
species become more (or less) favourable. The environmen
tal factors generally affected are light intensity and 
moisture availability. Light intensity directly affects 
the plant photosynthetic rate. The availability of water 
can also affect the photosynthetic rate because water is an 
essential component in the photosynthetic reaction. A 
shortage of soil moisture or atmospheric water causes 
stress on the plant and affects the efficiency of its pho
tosynthetic reaction. The most direct influence of water 
availability on photosynthesis is its control of the stoma
tal aperture. As stomatas close, resistance to the 
diffusion of carbon dioxide increases.
 

Moss (1965) speculated on the influence of soil moisture
 
stress and atmospheric demand on photosynthesis at varying
 
light intensities as is illustrated in Figure 7.7.
 

When the soil moisture stress is increased, the optimum
 
photosynthesis rate is reached at lower light intensities.
 
At low soil moisture stress and with little atmospheric
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Figure 7.7 Expected effects of soil 
moisture stress (SMT)

and atmospheric stress of water upon photo
synthesis at different light intensities.
 
(After Moss, 1965).
 

evaporative 
demand, photosynthesis continues 
to rise at
high light intensities.
 

Shade and cropping sy.6tern6 

In many multiple cropping systems 
"shade" is an essential
component. Baldy 
(1963) reasoned that the 
many-layered
mixed communiries traditionally grown in desert oases (e.g.date palm + apricot + vegetables) may use water more efficiently in biomass production than pure stands because the
micro-climate 
may be favourably influenced by effects of
shading and windbreaking. 
 The upper storey creates a
favourable micro-climate for the storey below, and the crop
chosen for each successive lower storey is more mesophiytic,
more shade tolerant and lightless demanding than thelayers above. Another example was 
given by workers at IRRI
(1974) who thatfound upland rice cannot only successfullybe grown under coconut trees, but the may
that rice
actually benefit 
from the shade provided, especially in
areas with high radiation levels and droughts (Figure 7.8).
When water is a limiting factor, 
on cloudy days the plant's
stomata of both shaded and unshaded rice remain open.
the unshaded 
plants, however, on sunny days, 
For
 

the stomata
remain open only in the morning and close in the afternoon.
Hence, a large portion of the solar energy is wasted whenthe crop is under water stress on sunny days.
 

Shelter and ctopping systow 

Shelter effects are best known from multiple cropping sys
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Figure 7.8 	Photosynthesis on . sunny day and on a cloudy day
 
by a well watered crop (-) and a crop under water
 
stress (---). (From IRRI, 1974).
 

tems with annual windbreaks. The reason for the effects of
 
windbreaks can be classified ip two categories:
 

(i) the wind has a direct effect on plant growth
 
and yield (e.g. winds may cause mechanical 
damage to the plants); and 

(ii) 	 plant yields increase as an indirect effect 
of wind, through changes in the micro
climate, mainly on the lee side of tie wind
break.
 

Windbreaks provide a mechanism to manipulate crop envi
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ronments in order to improve plant growth 
and water-usa

efficiency. Windbreaks reduce 
the wind 	speed on the lee

side of a 	windbreak 
(see Figure 7.9) and evaporation from
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Figure 7.9 	 Some micro-meteorological and plant-water measure
ments as a function of soya bean row number, north
 
of a maize windbreak, together with measurements
 
in an open field for an August day in the corn belt
 
of the U.S.A. The day on which the measurements
 
were taken was characterized by water stress.
 
(After Radke and Hagstrom, 1970).
 

the soil. Hence, under dry conditions, the soil in the
sheltered area dries more slowly than soil exposed to dry
ing winds. This slower evaporation aund drying in sheltered
soil improves the conditions for seed germination (Rosen
berg, 1966). Plants behind 
a windbreak respond to the

shelter with greater turgidity and wider stomatal 
aperture

in the leaves. Since wind speeds 
are slower in sheltered
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areas, less water is required for transpiration. Further,
 
when conditions become dryer, plants in open fields close
 
their stumata more quickly than sheltered plants because
 
their roots are unable to provide sufficient moisture for
 
evaporation. This happens because plants under water
 
stress react by partially closing their stomata until in
ternal plant water deficits are relieved. The delay or
 
avoidance of wilting in sheltered areas suggests that more
 
efficient photosynthesis contributes to greater yields.
 
Plants in sheltered areas grow taller and more water is
 
normally consumed by these more vigorously growing plants.
 
The fact that yields are generally greater in sheltered
 
areas suggests that the protection leads to improved water
use efficiency.
 

Windbreaks are planted to modify the micro-climate. In
 
many mixed and relay cropping systems, however, the micro
climate is also changed, sometimes inadvertently, by some 
action of one of the components of the association. This 
is illustrated by the "mulching acting" of the low statured 
component of a crop association. In this context mulching 
is defined as the application o.r creation of any soil cover 
that constitutes a barrier to the transfer of heat or 
vapor. Crop mulches reduce soil evaporation and tempera
ture fluctuations in the soil. Hence, the soil micro
climate for the other crop in the association is changed, 
often beneficially. 

PESTS 	AND DISEASES INMULTIPLE CROPPING
 

IntAoduction
 

When considering the incidence of pests and diseases in
 
multiple cropping systems, there are two widely contrasting
 
possibilities:
 

(i) 	Multiple cropping provides a longer period
 
of plant life which is likely to increase
 
insect and disease problems. More intensive
 
cropping could change pest problems by crea
ting a more favourable environment for pests
 
and diseases by increased disturbance of the
 
ecosystem; and
 

(ii) 	 Crop diversity may lead to greater pest sta
bility and the longer period of plant life
 
may allow nnturally occurring biocontrol
 
agents to sustain higher population levels.
 
(1.itsinger and Moody, 1976).
 

In multiple cropping systems,pests are a concern through
out the entire cropping period. The pests of the various 
crops do not only affect one crop. In sequential cropping 
systems the pests of one crop might be influenced by the 
previous crop while in mixed cropping systems, the pests of 
one crop might be influenced by the other component of the 
association.
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For each species there is 
a range of pest 
and disease
susceptibility which has 
to be taken into consideration in
selecting the components of the cropping system. 
 Generally, it is advantageous to combine pest or disease susceptible species with resistant species to 
reduce the absolute
 
effects of 
the disease.
 

Crop rotation and di.seases 

The need for crop rotation is well known. Generally, the
alteration of crop species decreases 
the incidence of pests
and diseases. When making a crop 
rotation programme, crops
should be selected which have the fewest pests in common.Crops which 
are botanically related have 
many pests and
diseases in 
common and should not, therefore, be planted at
the same time or in the same sequence. Crops which belongto 
the family of the Solanacea (i.e. tomatoes, potatoes and
tobacco) are highly susceptible to nematodes, and many
cultivars of these crops suffer from fungal diseases and 
insect pests.
 

Litsinger and Moody (1976) give examples of cropping patterns in Southeast Asia with crops which are botanicallyrelated and unrelated. 
 (See Figure 7.10). In pattern I,
 
May Jun. Jul. Aug. Sep. Oct. Nov.SI I II I I 

Dec. 
I 

Jan. Feb. Mar.I I 

Pattern 

Upland rice Mung beans Cowpeas Fallow]
and
 

Green maize 

rice / MaizeUplandUpland (glutinous) Cowpeas FallowGreen 
maize 

Figure 7.10 
Two possible cropping patterns for Southeast
 
Asia with botanically related and unrelated
 
crops in rotation (After Litsinger and
 
Moody, 1976).
 

pest problems would be 
expected from cowpeas following mung
beans since they are 
both leguminous crops, attract similar
pests and have similar growth habits. 
 In pattern II, glutinous maize and cowpeas are not related, 
have different
growth habits and 
attract different pests. 
In this pattern,
however, pests could be 
transferred from the green maize to
the glutinous maize. 
 Since pest problems are normally
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greater with legumes than with maize, the second rotation 
is preferable. 

From a pest ecology point of view, a rotation of a legume

and a cereal usually has many advantages, and rotations 
such as wheat and soya beans, maize and common beans, and 
rice and mung beans are widely practised. Sequential crop
ping of maize can generally be practised without too m:ny 
pest and disease problems and sequential cropping o rice 
is also widely practised. If a pest or disease breaks out, 
however, it is often necessary to introduce another crop.
Heavy outbreaks of the brown planthoper (Nilaparvata III
gens) has made continuous cropping of rice uLesirablc in 
some parts of Asia.
 

In contrast to maize and rice, crops such as tobacco and 
cotton should not be planted too frequently on the same 
land. Because pests and diseases seriously affect cotton 
production it should not be double cropped. Also, since 
cotton has many polyphagous insects, the other crops in a 
cotton rotation should be carefully selected. 

Life cycles of pests and diseases are often synchronized 
with those of the host plants and are frequently determined 
by climatological and ecological conditions. Therefore, a 
pest can often only thrive wben the host plant i!- in a cer
tain stage of development. When the host planc moves to 
another stage of development, the pest often searches for 
another host. If there is ao such host, the pest popula
tion decreases, or, if the period without an adequate host 
is long enough, disappears. 

Crop aAAangement, peant denmity and pn.t 

Under natural conditions, the density of plant species is 
generally low since the species are grown in association 
with many other species. In a tropical rainforest, for 
example, more than 100 species per hectare are distributed 
more or less at random. This factor limits the incidence 
of monophagous pests. 

On the other hand, under cultivation, plant densities of 
single species are much higher, and, in extreme cases, 
large areas are completely covered by one genotype with 
little genetic variability (e.g., large monoculture fields 
of maize or wheat of hybrid varieties planted at respect
ively 60,000 and I million plants per hectare). When a 
pest or disease breaks out at such densities, it spreads 
very rapidly. Because of this, it may be postulated that 
mixed cultures would experience slower rates of disease and 
pest transmission. Indeed, several autnors have reported 
that there are fewer pest problems in mixed cropping than 
in sole cropping (Aiyer,1949; Batma, 1962; Trenbath, 1974). 

When two or more species of which only one is a host to a 
certain pest or disease are planted in association, the 
presence of non-host plants acts as a barrier to the spread
of the pathogen. IRRI (1975) found that the incidence of 
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maize borer was significantly lower in maize/groundnut

tercropping systems than in monoculture systcins. 

in-

The Frin

cipal effect of intercropping was in reducing the reinfes
tation potential of the maize borer (See Table 7.1). 
The
 

Table 7.1 
Effect of Row Spacing and Intercropping of
 

Maize on Maize Borer Incidence
 

Egg masses at 46 Pupal cases at 86
 
Cropping System days after seeding2 days after seeding2
 no. 
per no. per m- no. per no. per m
 

50 plants 50 plants
 

Maize in mixed culture
 

at 20,000 pl./ha.
 

maize + groundnuts 2 0.08 
 26 1.04
 

maize alone 
 8 0.32 32 1.28
 

Maize in mixed culture
 
at 40,000 pl./ha.
 

maize + groundnuts 5 37
0.40 2.96
 

maize alone 
 11 1.14 57 6.84
 

Maize alone
 
at 60,000 pl./ha. 17 74
2.04 8.88
 

Source: IRRI Annual Report, 1975.
 

number of pupal 
cases per unit area was eight times greater

when maize was grown as a sole crop than when intercropped
with groundnuts. IRRI (1975) 
also found that the incidence
 
of downy mildew 
was lower in maize/rice associations than 
in monoculture checks. Infestation was less at low maize 
populations (20,000 plants/ha intercropped with rice) than
 
at high maize populations (30,00u plants/ha). It was con
cluded that tile reduction could have played a major role in

preventing an increase in the incidence of mildew over a 
large area. 

Tall plants may hide short plants in an association and,
hence, protect the adjacent host. An example of this can
be found in Indonesia where tall and short early varieties 
of rice are grown in association in.order to hide the short
 
variety and prevent birds from devastating the crop.
 

Many pests and diseases thrive best under certain weather
 
conditions. Sometimes, planting 
can only be done at a
 
certain time of the year since otherwise the crops would be
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devastated. For example, at ICRISAT in India, delayed
 
planting of sorghum increases shootfly risk. In Zimbabwe,
 
wheat should not be planted before May 15th because during
 
the wari weather preceding this date, the rust risk is much
 
higher than when the crop is planted during cool weather. 
When the planting date of one cropJ in a multiple cropping 
system is governed by pests -,nd diseases, the planting date
 
of other crops in the system is also affected. 
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V11I Evaluation and productivityof 
different systems 

INTRODUCTION
 
Evaluations of the productivity of cropping systems or of
 
different crops should be 
done in quantitative terms. It is
relatively easy to compare the productivity of crops and 
agricultural systems that produce similar products and use 
similar resources. 
 if the product (e.g. crude protein,car
bohydrates), and the 
resources used(e.g., fertilizer, land,

tractor fuel) can be defined, the evaluation can be based 
on total production and We amount of resources used. 

Before the productivity of a cropping system can be
assessed, the basis upon which the yield will be measured 
must be decided. For monocultures, the most usual express
ion is some measure of night per unit of land 
(e.g. kg/ha,

lb/acre). 
 In multiple cropping systems, however, because 
of the different species, direct comparisons cannot be made
 
and the productivity can only be assessed using a common 
denominator.
 

The productivity of a multiple cropping systcm can best
be evaluated using the yields of monocultures of the 
species in the system as the common denominator. W.?n this
approach is used, the monocultures must be grown at optimum 
plant densities since yields are a function of plant
density. The optimum plant density, in turn, depends on
agronomic and environmental conditions. Because associa
tions of species can change the crop environment, an envi
ronment, which is sub-optimum for one species, must be 
exploited to the maximum degree if the crop is grown in 
association with one or more other species.
 

Multiple cropping evaluation demands techniques by which 
many types of crops and crop sequences can be tested under
 
varying environments. Most statistical procedures deve
loped for evaluating agricultural systems are primarily

designed for monocultures. Because these procedures gene
rally do not meet the requirements for the evaluation of 
multiple cropping systems, other methods have to be deve
loped.
 

LAND EQUIVALENT RATIO
 
The Land Equivalent Ratio (LER) (Harwood, 1973) is used to 
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evaluate the productivity of mixed cropping systems. It is
 
defined as: the total land required using monocultures to
 
give total production of the same crops equal to that of
 
one hectare of mixed crop. It is calculated by determining

the ratio of the yield of a crop in a mixture with its
 
yield in a monoculture. Figure 8.1 illustrates this
 

Mixed culture Monocultures 
Crop A + B oooooooooooooo 

00000 aaaao 0OO000 aoaaaa 

B B B B B oaa 0.6 aa Monoculture 
aauooaoooaaoa 
B B B B B 

a 
000a 

HA 
aaaa 

Crop A 
aaaaaaoaaaaaaaa 
 aaaaa
 

aaaaaaoaaaaaaa
B B 

aaa HA aao
 
B B B
 

aaaa aaaaaa B B B B B B B B
 
B B B B B BBB BBB
 
aaaaaaaaaaaaa 0.7 B Monoculture
 
B B B B B B B 0 B B MCrop B
 

B BB 	 B BB
 

B B B B B 	BBB
 

Figu,-2 8.1 	 Diagrammatic presentation of the Land Equivalent
 
Ratio concept.
 

concept. In this example, a cereal is mixed cropped with a
 
legume. When optimum plant densities were used, the yield

of the cereal in the mixed cropping system was 8.0 t/ha and
 
the yield of the legume was 2.0 t/ha.The monoculture yields
 
were 11.4 t/ha for the cereal and 3.3 t/ha for the legume.

The ratios of multiple cropping to monoculture yields were
 
thus 0.7 for the cereal and 0.6 for the legume. The Land
 
Equivalent Ratio is defined as the sum of these two ratios,
 
in this case 1.3. Total productivity is thus 30 per cent
 
higher, or in other words, to produce the same amount of
 
legume and cereal in monocultures, 30 per cent more land
 
would be required.
 

The data presented in Figure 8.1 can also be represented
 
as illustrated in Figure 8.2. The diagonal lines A-A and
 
B-B labelled with percentage figures show the relative
 
advantages in productivity over the monoculture check
 
(Lines of equal LER) and the line 0 0 represents the base
 
yield.
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Figure 8.2 	 Relation between the yields of crop A and B given
 
in Figure 8.1.
 

In the example illustrated in Figure 8.2 only one mixed 
culture was evaluated and compared with monocultures of the 
crops in the association. However, generally, comparisons 
of several mixed cultures with each other are needed. In 
such cases comparisons with monocultures are the basis for 
the evaluation. Application of these techniques are illus
trated in Table 8.1 and Figure 8.3. The yield figures in 
Table 8.1 were obtained from nine experimental plots.Seven 
plots were assigned to mixed cultures of two species in 
different proportions, and two to monocultures; one for 
each species. Some of the crop combinations were in the 
form of a replacement series (see Chapter VI).The propor
tion of soya beans was lowest in associatien A (25 per 
cent) and increased to 75 per cent in association G. Figure
8.3 illustrates the yields of Table 8.1 in graphical form. 
The highest LER (1.40) was obtained for the associations 
with the highest proportion of soya beans. 

MULTIPLE CROPPING INDEX
 
The intensity of land-use can be expressed by the Multiple 
Cropping Index which is calculated by dividing total crop 
area by total cultivated land area and multiplying by 100 
(Wang, 1975) . 
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Table 8.1 Grain Yield of Maize and Soya Beans 
Grown together at different popula
tions and spatial arrangements and 
in Monocultures 

Maize Plant 
Population 

Soya Beans 
Plant 

Population 
Maize 
Yield 

Soya Bean 
Yield as 

Maize 
Yield 
Fraction 

Soya Beans 
Yield 

as Fraction 

Land 
Equivalent 

Ratio 
Treatment per Hectare per Hectare (t/ha) (t/ha) of Monoculture of Monoculture 

A B (A + B) 

M 44.444 - 6,2 1,00 

A 33.333 83.333 5,5 0,3 0,88 0,23 1,11 
B 29,620 74.074 4,9 0,4 0,79 0,30 1,09 

C 30.476 76.190 4,7 0,5 0,75 0,38 1,13 

D 29.630 148.148 4,5 0,5 0,72 0,38 1,10 

E 22.222 166.666 4,5 0,6 0,72 0,46 1,18 

F 26.666 266.666 4,3 0,7 0,69 0,53 1,22 

G 11.111 249.999 2,1 1,4 0,33 1,07 1,40 

S b 333.333 - 1,3 - 1,00 -

a/ Maize monoculture check.
 
U/ Soya bean monoculture check.
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Figure 8.3 	 Relation between yields of maize and soya beans
 
in seven multiple cropping systems (From Beets,
 
1976).
 

Multiple Cropping Index (MCI) = Crop Area x 100 per cent 

Cultivated Area 

The higher the multiple croppiag index, the more crops areplanted and harvested from the same. piece of land duringone year. This implies that both 	 land and labour are moreintensively utilized that
and 
 some costs (e.g., soil
preparation, weeding) are lower per unit of output. 

INPUT AND 	OUTPUT
 
In general terms,efficiency (E) can be described 
as an output (0) per unit of some input (I) (Spedding, 1973). Alge
braically 	this can 
be represented as:
 

0E = 

I 
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The output 0 may be measured in weight, money, energy or 
protein while the input I may be expressed in terms of land 
area used, energy, labour, fuel, fertilizer or any other 
resource utilized, including time. Time, land area and energy 
are normally important inputs in multiple cropping since 
they are scarce resources. Labour on the other hand is of 
less importance in measuring efficiency where family labour 
is used and where there are no alternative employment 
opportunities. Energy can be divided into "solar energy"
used for photosynthesis and "added energy" (e.g., soil, 
electricity, farm machinery, fertilizers). 

It is theoretically possible to compute the total energy 
used per unit of agricultural product and the energy value 
of the final crop product, and thus calculate the 
efficiency of a production system. By using a book-keeping

approach a balance can be made of energy input and output. 
Although this approach has received a great deal of 
attention during the past decade, the methodology is still 
not fully developed and this approach cannot, as yet, be 
adopted as a standard method for evaluating cropping 
systems. 

The above dealt with "added energy" and the energy con
tained in the harvested product. Another factor to consi
der is the efficiency of solar energy use. By measuring 
total photosynthesis per unit area of land it would 
theoretically be possible to deduce the "productivity" of a 
cropping system. Photosynthesis is closely related to leaf 
area and measurement of leaf area index, canopy cover and 
light transmission of canopies has, in some cases, been a 
valuable tool in assessing productivity. These methods, 
however, only help to explain differenccs and cannot be 
used as standard measures of productivity. 

ENERGY AND PROTEIN PRODUCTION
 
Productivity can be assessed in terms of efficiency of
 
energy and protein production per unit area of land per 
unit of time. It is sufficient to consider only energy and
 
protein since these factors are of primary importance in 
most diets. Energy and protein must be considered 
separately since food crops contain both in different 
quantities and proportions. The balance between energy, 
protein and the constituent amino acids of the proteins
must also be considered. The amino acids "lysine" and
"methionine" are particularly important in tropical diets 
since lysine is often the major limiting amino acid in 
maize, which is a major staple crop, while methionine is 
the limiting amino acid in all sources of leaf protein.
 

There are several ways of measuring the energy and 
protein production of cropping systems. All depend on the 
use of the product (e.g. consumption by humans and animals 
of various kinds). The diagram in Figure 8.4 outlines the 
procedures which are generally followed. The yields of the 
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Figure 8.4 Diagrammatic presentation of a method of evalua
ting multiple cropping systems by converting 
yields to "energy". 

crops 
are translated into their constituents which are then
summed and converted to energy. 
 The Gross Energy does not,

however, necessarily represent the "Value" of the yield of
 a cropping system. 
The quality of the proteins varies from
 
product to product 
and a combination of two 
 or more

products in a particular proportion may have higher "biolo
gical value" than would be expected from the Gross Energy

Yield. This is illustrated in the histogram in Figure 8.5

which compares the yields 
of three mixed cropping systems

(two systems with maize and soya beans 
and one with maize
 
and groundnuts). In the maize/soya beans systems, on the

basis of mass or energy, the maize monocultures gave 
the
highest yields followed by the maize/soya mixed crop and
 
the soya monocultures. In terms 
of Fat (Ether extract),

Crude Protein and ?ethionine, the highest yield 
was given

by the maize/soya mixed crop. 
 In terms of Lysine, one soya

monoculture check 
gave a higher yield than the corresponding mixed culture. -In another systE.,1 (No. 2) the mixed
culture gave the greatest yield in terms of energy mass
crude protein and methionine. From the point of view ofFat and Lysine, however, the groundnut monoculture provided

the highest yield with the maize/groundnut mixed crop a 
close second.
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Groundnuts.
 

Figure 8.5 	 Comparison of the yields of three multiple cropping
 
systems and their monoculture checks in terms of
 
Mass, Energy, Fat, Protein, Lysine and Methionine
 
(Beets, 1976).
 



Tarhalkar (1975) 
also 
found that mixed cropping systems
provide produce of higher nutritivehe found value. In particularthat cereal legume mixtures contain proteins ofsuperior nutritive value than monocultures as they usuallysupplement the deficient amino acids. Mixed cropping ofsorghum with soya beans and groundnuts increased the Lysineyield up to 
219 ind 76 per cent respectively. 
This benefit
of mixed cropping is of special importance in withareas
protein deficient diets.
ing countries and 

Such areas exist in most developit is in these areas that multiple crop
ping often has 
greatest potential.
 

EVALUATION INECONOMIC TERMS
 
Although yields can be expressed in monetary terms, severaldifficulties are usually encountered with this approach.First, this method is only appropriate in areas where acash economy exists. Second, the ofprices produceinputs often fluctuate seasonally and usually 

and 
the ratiobetween them is not constant. The diagram in Figureillustrates 8.6how the yields of a multiple cropping systemcan be compared with the yield of a monoculture. The multiculture consists of two crops (a cereal (A) and a legume(B)) and the monoculture with which the multiculturecompared can be either crop A or crop B. 

is 
When this evaluation system is used, labour is considered as one of the"variable costs" 

using 
and given a monetary value which candone "labour days" as an input and 

be 
establishing aprice for one labour day. areasIn where labourand paid wages, this is relatively simple. In 

is hired 
casesfamily labour whereis used or where hired labourers are paid inkind rather cash,than expressing the value of labour inmonetary terms becomes difficult. This theis situation

most of the tropical farming systems. 
in
 

In most instances output is expressed 
 in terms of GrossProfits. If sufficient information is available on "overhead expenditures" (e.g. interest, capital repayment,depreciation), it is preferable to compare the Net Profitsof the cropping systems being evaluated.
 
However, when 
 using this approach there are severaldifficulties caused by seasonal price fluctuations. If thecereal yield say, timesis, four the yield of the legumeand the legume price is four times the cereal price, thegross income of the two monocultures would be equal. Thegross income of tihe mixtures of the two crops would bedirectly related 
to the relative yield total 
 (see also
Chapter VI) As. soon as the ratio of cereal and legume

prices changes, the relative returns from mixturehaving the thegreatest component of the crop which price israised will be relatively more advantageous. Figure 8.7illustrates 
the relative returns of 
a two phase replacementseries at four price ratios and four levels of plant population. 
 The monoculture yields of maize and soya beans and
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Figure 8.7 	 Economic evaluation of three mixed cropping systems

and two monoculture checks of maize and soya beans
 
at three different price levels.(From Beets, 1977).
 

for three mixed 
cultures 	in different proportions are
shown. Graphs b, c and d give 
the evaluation of the yields
of graph a in three different manners;namely,using the prevailing prices, 
with and 	without 
deducting the fertilizer
 cost and graph d using an inflated 
price for soya beans.
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These graphs clearly illustrate the sensitivity of the
 
results of the economic evaluation to the assumptions made
 
about prices. Given the volatile nature of prices and the
 
difficulty in forecasting them accurately, this suggests
 
that the results of economic evaluations must be viewed
 
with caution.
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IX Selection and design of suitable 
multiple cropping systems 

THE ENVIRONMENT
 
Plant growth and performance in cropping systems are subject to environmental and management condicions. 
 The en
vironment is a function of all those factors 
related to
land and climate, (e.g., topography, structure and texture
of soil, rainfall and available moisture). Management is
related to human activities (e.g., the method and time of
planting, weeding). In this chapter, the environmental 
factors are considered first, then the management or human
factors, and lastly the two are evaluated together in thedesign of cropping systems. Two illustrative examples have
been used in this chapter, one from Africa (Salisbury, Zim
babwe) and one from Southeast Asia (Luzon, Philippines). 

Prior to designing cropping systems in an area where 
farming is already practised, the existing cropping systems
and the cropping environment must be understood and des
cribed. (See also Chapter X). Environmental classifica
tions are normally based on rainfall, but in regions with awide range of altitudes, they may also be based on tempe
rature regimes. In other cases soil texture and topogra
phic position are used as main parameters of the classifi
cation system. A useful 
 start in environmental classifi
cation is a simple climatic diagram as shown in Figure 9.1.
The basic data givcn in this diagram is by itself not
sufficient for cropping systems design. 
 From this elemen
tary information, however, some broad conclusions can be
drawn: although Nairobi (East Africa) 
is situated near the
 
equator, temperatures are too low to support rice cultiva
tion. 
 Further, the site has a relatively long hi-modal 
rainfall and the annual precipitation is reasonably welldistributed. From tLis information alone, however, it
cannot be determined whether the climate is suitable for
other crops (e.g., coffee, and pyrethrum). In order to
draw such conclusions, more information is required (e.g.,
minimum and maximum day and night temperatures, duration of
 
sunshine, and cloudiness).
 

The climatic diagram of Salisbury (Zimbabwe, Figure 9.2)
is quite different from that of Nairobi and the following
broad conclusioln may be drawn: Although the altitude of 
Salisbury is lower than that of Nairobi (1,460 versus 1,820

m) , a higher latitude makes the temperatures of Salisbury
much lower for half the year. From May to October, tempe
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Figure 9.1 	 Climate diagram of Nairobi, Kenya.
 
Index: 	 a) Altitude in meters.
 

b) Mean annual temperature in °C.
 
c) Mean annual precipitation in mm.
 
d) 	For rainfall of greater than 100 mm
 

per month the scale is reduced to
 
1/10 (blackened).
 

e) Curve for mean monthly temperature.
 
f) Curve for mean monthly rainfall.
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h) Rainy Season (lines).
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Figure 9.2 	 Climate diagram of Salisbury, Zimbabwe.
 
(For Index see Figure 9.1.)
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ratures are too low for tropical and most sub-tropical
crops. Temperatures 
and rainfall seem sufficiently high
between November and April to support the growth of subtropical crops such 
as maize, millets and groundnuts. The
dry season is so 
severe, however, that it 
is unlikely that
any crop can 
be grown during this period. More information
 
on factors determining the moisture balance (e.g., evaporation, dependability of rainfall.) 
is, therefore, required
to design cropping systems which make optimum 
use of the
 
environment.
 

RanfaC patteAn and moistwe balance 

Figure 9.3 gives more detailed information on Rainfall,
 

Salisbury 
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Figure 9.3 
Rainfall ( - ), Potential Evapotranspiration 
-.--. ) and Actual Evapotranspiration (

for Salisbury. (After Donovan, 1961). 

Potential and Actual Evapotranspiration of Salisbury. Because 
of the dry season, the agricultural potential (under
rain-fed conditions) of the 
area depends largely on the
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length of the rainy season and the distribution of the rain
 
during this period. The season lasts five to six months 
and for a period of at least 130 days the rainfall exceeds
 
the Actual Evapotranspiration by a considerable amount. 
Since the growing periods of most crops do not excecd 130 
days this suggests a satisfactory crop climate. Under 
rain-fed condition , the cropping system should be designed 
so that the entir. (moisture) season is fully utilized. 
This can be done by selecting late maturing crop varieties 
which have long growing periods and by planting them as 
early as possible. Under these circumstances, mixed crop
ping often better utilizes the season than monocultures. 

For most Southeast Asian countries, rainfall data is 
usually available. Other macro-climatical parameters such 
as evaporation, temperatures, and relative humidities have, 
unfortunately, seldom been recorded for more than a decade. 
The agro-climatic classifications for evaluating cropping 
system potentials in Southeast Asia are, therefore, usually 
based on rainfall patterns or profiles. The International 
Rice Research Institute published a classification based on 
rainfall profiles in 1974 which recognizes eight climatic 
zones (See Figure 9.4). In this classification a wet month 
was defined as a month that receives over 200 mm rain and a 
pronounced dry season was defined as a period with at least 
two to three months with less than 100 mm rain per month. 
These amounts are based on two assumptions: 

(i) 	 Losses due to evaporation are generally about 
100 mm per month; and 

(ii) Losses clue to percolation and seepage are
 
generally about 100 mm per month. 

Another important environmental criterion is the number of 
consecutive wet months. If there are less than five conse
cutive wet months the potential for sequential cropping 
(under rain-fed conditions) is limited. Zone II of the 
classification, which includes areas with five to nine 
consecutive wet months, is of major interest for multiple 
cropping. In this zone, year-round rain-fed cropping is 
possible and because of the high rainfall during the height 
of the rains at least one crop will normally be rice grown 
under flooded conditions.
 

Radiation 

In large areas of tropical America and Africa the agro
climate is determined by altitude, i.e., low mean annual 
temperatures associated with high altitudes. This I 
illustrated by Salisbury which is located approximately 18 
south of the equator at an altitude of 1460 m. The mean 
monthly temperatures drop significantly after April. (See 
Figure 9.2). From May to August there is virtually no 
cloud cover which results in relatively high maximum day 
temperatures and low night temperatures. During July early 
morning frosts occur and double cropping of tropical crops 
is, therefore, not possible. It is, however, possible to 
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Figure 9.4 
 Southeast Asian climatic zones as differentiated
 
by rainfall pattern. (After IRRI, 1974).
 

grow temperate crops during 
the colder weather.
 
In tropical high rainfall areas, 
cloud cover frequently
limits yields during the rainy season 
and because of higher
light levels, greater rice yields are usually obtained with


irrigation in 
the dry season.
 
Radiation 
is not normally 
of great imFortance in the
lowland tropics. 
 Only when the cropping potential of an
area within different altitudes 
is considered does 
radiation become important for cropping systems selection.
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Topography and soit type
 

Cropping systems are closely associated with physiographic

units, soil types, and soil fertility. On the basis of
 
these parameters, zones can be defined as follows:
 

(i) Coastal plains;
 
(ii) Sloping land;
 

(iii) Hilly land;
 
(iv) Rocky areas; and
 
(v) Terraces.
 

Coastal plains are often used for lowland rice and estate
 
crops such as sugarcane. Terraces are frequently used for
 
vegetables and fruit trees. Rocky areas are normally unfit
 
for cultivation except for tree crops and sloping areas are
 
generally well suited to field crops such as maize and soya

beans. When slopes are steep (over 15%) shifting cultiva
tion is common. Irrigation is generally practised in coas
tal plains.
 

CROPPING SYSTEMS DESIGN AND PHYSICAL ENVIRONMENT
 
In Africa, where annual precipitation is over 600 mm, crop
ping systems are generally maize based. The information in
 
Figures 9.2 and 9.3 suggests that maize is suitable to
 
Salisbury. The shape of the rainfall curve indicates that 
the start of the season and the planting date of the crop
depend on the start of the rains at the beginning of Novem
ber. By the end of November moisture conditions are favou
rable as is shown in Figure 9.5.a. Moisture conditions
 
become again less favourable when there is no rain for more
 
than one week and mid-season droughts in January often
 
reduce yields. When the rains tail off in March, growing

conditions gradually deteriorate and an early stop of the
 
season will reduce yields. By May the moisture balance is
 
unfavourable for all plant growth although wheat or barley
 
can be grown when irrigation is available. These crops are
 
planted in mid-May and with complete irrigation the mois
ture balance is constantly favourable until the end of the
 
growing season. "Early rains" may, however, hamper harves
ting. Without irrigation, crops can only be grown from
 
October to April, for example, relay cropping of maize and
 
beans as illustrated in Pattern III. Maize is planted as
 
early as possible and is widely spaced allowing beans to be
 
relay-interplanted after the maize reaches maturity.
 

In tropical Asia, where precipitation is over 1,500 mm/ 
annum with at least 200 mm/month rainfall for three conse
cutive months, cropping systems are generally based on 
rice. Zone II - 3 of Figure 9.4 can be used to illustrate 
which cropping systems are appropriate for this rainfall 
pattern. In this zone there are five to nine cnnsecutive 
wet months and at least two months of less than 100 mm 
rain. This is, for example, found in parts of Central and 
East Java, southern Thailand,eastern and southeast Thailand 

119
 



Geiieral conditions Rain fed With irrigation
for crop growth 

High-------

(a) Moisture Med Early rains
balance 	 Jhampering 

Low [harvesting Mid season druught 

(b) Radiation Med Ibalance rosl / 
Low [ sk Overcast weather 

Risk of blight, rust 
High[ Risk of bacterial and cobrots Risk of 

Pest and 
c ) disease 

risk 
Med [
Low 

stable rt --

I I I 

sem rust 
'X 

Jul Sep Nov Jan Mar May Jul 

(d) Cropping I Wh eat_o 
Month 

Maize -
system Maize 

II" y /_ Soya beans _/ 

Ul Maize /7 

/I Fin ermilet 
SBamba nuts 

Figure 	9.5 Schematic presentation showing conditions for plant

growth taking into consideration: Moisture Balance,

Radiation Balance, Level 
of Pest and Diseases risk.
 
Cropping Systems that can fit the agro-climatologi
cal conditions of Salisbury, Zimbabwe are given

under (d).
 

southern Burma and of the
parts Philippines. Because low
temperatures do not restrict plant growth, when the moisture balance is favourable, year-round cropping can be
practised using 
a wide variety of crops. Since rice needs
 more water than other crops, and because it is the onlycrop that tolerates flooding, only rice is grown at thepeak of the rains. Upland crops can be planted at the beginning and/or end of the rains to utilize uesidual moisture and higher light intensities during the dry season.(See Figure 9.6-I). Mixed cropping systems such as, for
example, maize and groundnuttts often best utilize the 
end of
 
the rainy season. (See Figure 9.6-11).
 
System 
III shows a combination of a double and relay
cropping system whereby transplanted rice is established as
early as possible. The rice is followed by cowpeas using
minimum tillage techniques and cucurbits 
are relay-planted


later. One to two months of rain have to thoroughly soak
the soil 
and some free water has to accummulate in order 
to
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Figure 9.6 	 Rainfall pattern of Southeast Asian climatic zone
 
11-3 (after IRRI, 1974) and five cropping ;ystems
 
that fit the rainfall pattern.
 

facilitate puddling of lowland rice soils. Dry seeding of
 
rice on unpuddled soil, on the other hand,allows establish
ment of rice with the first rains in May. Using early ma
turing varieties, a second crop of transplanted rice can be
 
grown and 	 after maturity of the second rice crop the field 
can be drained and planted with a crop like sweet potatoes 
by using the residual moisture. This system is shown in 
Figure 9.6-IV. System V represents a triple cropping system 
of rice. This system might be preferable to a rotation of 
rice and upland crops in areas with heavy soil and peren
nial irrigation as the soil does not have to be changed 
from paddy to upland structure, a difficult process espe
cially with heavy soils.
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Mechanization and labour 
For intensive cropping there should generally either be anabundant supply of labour or a high level of mechanization.
In sequential cropping 
 systems, however, labour 
cannot
always be substituted for mechanical power. One example of
this is intensive rice-based cropping systems
soils. on heavy
 
derable 

With such systems land preparation requires considraft power and since
preparation is normally only 

the period available for landtwo to four weeks, this operation often needs to be mechanized.available Not only is the timefor land prenaration for the first crop critical,but also the "turn-around period" is critical.context it should, In thishowever, be noted that minimumtechniques tillagemay be a suitable alternative for mechanized
soil tillage.
 

The turn-around period for doublethe croppingmaize-wheat and soya-barley shown in 
systems of 

two Figure 9.S is betweenweeks and two months. Because many Farmers prefer the 
this period is critical,

soya bean system since thishas a shorter growing period than maize and 
crop 

longer allows forturn-around aperiod. Althoughnot labour availability isnormally a limiting factor in Zimbabwe, farmers generally feel that double cropping systems onlyat high levels are possibleof mechanization. They reasonseedbed preparation using that good
animalbour prior to the first 

draft power or manual larains is impossible. Landration is postponed until the first rains 
prepa

the planting which postponesof the first crop and shortens the turn-aroundperiods of subsequent crops.

With the agricultural implements presently
mixed available,cropping is difficult to mechanize.cropping Because mixedsystems are labour intensive, they can only bepractised in 
areas with 
an abundance of labour.mixed cropping has Sin-emany important advantages,desirable to either it appearsadapt existing farm implementscropping sytems or to design 

to mixed
appropriate new machinery.With the widespread use of hydraulic devices and theduction of electronics introin farm mechanization,versatile machines can be 

complex and now designed. In future, itshould be possible to 
develop machines capable of operating
efficienly in mixed crop stands. Untilping then, mixed cropwill continue to 
be associated with low level 
technology farming requiring high labour inputs.
 

IMigation 

Irrigation and 
multiple cropping 
are
and closely associated,
according 
to Chao (1975), there is 
a significant statistical relationship between the two in Asia. Althoughirrigation facilitates multiple cropping, the 
relationship
works both ways since multiple cropping may be necessary to
justify investments in irrigation. 
 The latter seems be
especially relevant in Africa. to 

In many semi-arid areas of
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this continent, little or no multiple cropping is presently

practised but construction of irrigation works would enable
 
this. Since rivers are often far apart, large dams and 
canals have to be buiit and irrigation in these areas is, 
therefore, expensive. Investments are only justified if 
rates of return are high. Consequently, irrigation projects
 
are only profitable with intensive year-round cropping. In
 
the example given in Figure 9.5, no crops at all were grown
 
during the dry season prior to irrigation. The construction 
of irrigation works was a capital-intensive venture, and 
the type of farming which followed the irrigation develop
ment had, therefore, to be commercial. 

In the example for Asia given in Figure 9.6 the situation 
is quite different. Firstly, the rainfall pattern is much 
more favourable than in Salisbury and crops can be grown
for most of the )ear without irrigation. Secondly, many 
areas in Asia are already partly irrigated and the intro
duction of irrigation is not normally as expensive as in 
Africa. When irrigation facilities are improved, cropping 
patterns are unlikely to change drastically; instead of one
 
rice crop per year, more rice crops can be planted. Hence,
the pattern will change from a main crop of rice during the 
peak of the rains followed by an upland crop to sequential
rice cropping, possibly with one upland crop, although
frequently continuous cropping of rice is preferred. 

Partially irrigated areas in the tropics offer great 
potential for increasing multiple cropping. Other crops 
can be added to the main crop to make better use of avai
lable water in a growing season lengthened slightly by
irrigation. In the example in Figure 9.5 the radiation 
balance is favourable for crop growth approximately three 
months before the moisture balance becomes favourable;
(August against November) . When crops such as late matu
ring maize and groundnuts are established with partial or 
supplementary irrigation one month prior to the start of 
tile rainy season, the yields of these crops are generally
20 to 40 per cent higher than when planting is done under 
rain-fed conditions. When planting of these crops is done 
early, not only are yields higher, but since crops can be 
harvested earlier, turn-around periods are also shortened. 
This is a great advantage in the double cropping system of 
wheat gnd maize shown in Figure 9.5.d-I. 

In the examples in Figure 9.6, the transplanted rice can
 
always be planted "on time" when partial irrigation is 
available. Consequently, the main rice crop is harvested
 
before the end c. the rains and moisture conditions are 
likely to be more favourable for an upland crop following 
the rice. 

CROPPING SYSTEMS DESIGN AND THE SOCIAL ENVIRONMENT
 
After technological changes necessary for the successful 
implementation of a new production system have been des
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cribed, the question of: "can society manage the degree oforganization required for the implementation theof tech
nological changes"?, arises. In communities where irrigation is already in use, it is possible to build on existing
social structures. 
 In areas where irrigation is unknown, 
a
great deal of "social engineering" is required.
 

Cropping systems and of
I II Figure 9.5, for example,require high oflevels technology and organization. Theyinvolve full-scale irrigation, high yielding varieties andhigh degree of mechanization.a It is unlikely that thesedouble cropping systems could be easily introduced intosubsistence agriculture Africa.in On the other hand, thechanges involved in switching from the presently widespread
system II of Figure 9.6 to System V are less drastic and itwould, therefore, be easier to introduce. Both systemsinvolve rice, and growing rain-fed rice ain subsistencesystem is not very different from growing irrigated rice ina semi-commercial farming system. Further, mixed croppingis widespread in subsistence system.,', and the change from,for example, a mixed cropping syste, finger andof millet
bambara nuts (Figure 9.5.d-IV) to a relay cropping systemof maize and common beans, with high yielding varieties,proper spacings and fertilizers (Figure 9.5.d-III) should 
encounter relatively few problems.
 

CROP HUSBANDRY
 

TLtlage and Land preparation 

In most cropping systems, the time span during which cropscan be planted to obtain maximum yield quiteis short.This is particularly true with sequential cropping systems,
and the success or failure of such 
systems often depends on
the speed with which seedbed preparation can be carried out. Introduction of minimum and no-tillage techniques and
 use of chemical 
 weed controls has facilitated multiple
cropping systems in areas where they could not be usedbefore on ofaccount insufficient time for land preparation. At present, minimum and no-tillage techniques are
successfully employed in many multiple cropping systems andyields are equal to or higher than those obtained withconventionaJ tillage techniques. For example, Lewis andPhillips (1976) reported that no-tillage double croppedsoya bean yields were generally equal or superior to yieldsof the same varieties grown by conventional methods inKentucky, U.S.A.. Magbanua, et al (1977) found that manysequential cropping systems were successful with minimum or 
no-tillage in Asia.
 

The rainfall pattern usually has a pronounced effect onboth the method of tillage and the speed of operations.Under arid conditions, soils 
are normally hard and difficult to work, especially in semi-arid 
areas with heavy
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soils. In Zimbabwe, for example, tillage is often delayed 
until the first rains soften the soil. Although extremely 
wet conditions usually hamper tillage, there is one impor
tant exception: land preparation for paddy. In fact, 
abundant rainfall often shortens the turn-around period for 
rice-based systems. (Magbanua, (t al 1977). 

A problem with tillage in multiple cropping systems is 
that operations are sometimes hindered by the presence of 
crop debris from a previous crop. This, how-ver, also has 
the advantage that continuous soil cover improves the soil 
structure which, in turn, facilitates tillage. 

Cops and varifes 

The dietary requirements of the farm family are an import
ant consideration for crop selection in subsistence farming 
systems. In Africa, for example, soya beans are unknown to 
most farmers and the cropping system proposed in Figure 
9.5.d-I would, therefore, be difficult to introduce. On 
the other hand, soya beans are widely used in Asia and the 
Far East and the crop could be grown on both small 
subsistence and large-scale commercial farms. 

In mixed cropping systems, there is usually a certain 
optimum proportion of the species in the mixture. This 
may, to some extent, be determined by diet" ry requirements 
(Tarhalkar, et al, 1975) , economics or agronomic conside
rations. Andrews (1973) and Beets (1976) examined some 
agronomic factors and found that for groundnuts to be 
successfully grown in mixed stands, either very low popu
lation of the other crop or crops with a much longer growth
cycle planted after the groundnuts are well established are 
required. In Zimbabwe, the system illustrated in Figure 
9.5.d-I is preferred to system 1I for economic reasons, 
i.e., the gross incomes from maize + wheat are higher than 
those for barley + soya beans (System II). 

In Asia and in some parts of West Africa, rice is a
"prestige crop" and this crop is planted even in marginal 
conditions. On the other hand, in Eastern and Southern 
Africa maize is the preferred crop. Farmers' preferences, 
which are often traditional, also strongly influence crop 
selection.
 

The selection of appropriate varieties is important for 
multiple cropping systems. Use of early maturing varieties 
is often a prerequisite for multiple cropping (Frances, 
et al, 1975; Wang, et al, 1975; Tarhalkar et al, 1975) in 
order to grow as many crops as possible during the year. 
In Zimbabwe, for example, late maturing varieties of maize 
give higher yields than early maturing ones but, for crop
ping System I of Figure 9.5.d, a short maturing variety 
must be used since the turn-around period would be too 
short if a late maturing variety were used. In Southeast 
Asia, System IV of Figure 9.6, can only be used when the 
transplanted rice crop is early maturing. In this system,
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the second rice crop is planted in the middle of the rainy
season rather than at the beginning as is normally the case. 
 When late maturing rice varieties are used, the crop

suffers from drought at 
the end of the rainy season.
 

When the Southeast Asian cropping systems Figureof 9.6 are considered the relevant characteristics of crops and
varieties can be summarized as follows: 
Maize: This crop can be grown for dry grain, green cornand sometimes for fodder. When the crop is grown drygrain it should ripen during a period the 

for 
when monthlyrainfall is less than 100 mm. Maize varieties grown for green corn should provide soft, palatable cobs. Forharvest during months with over 200 nm/month, green maizeis preferable to dry grain maize because the harvest of green corn is not hindered by high rainfall. In view ofthis, the highest yields of dry grain maize can be obtainedwhen the crop is planted in September-October while goodyields of green maize require planting in May. Further,

early October plantings can serve as fodder for cattleduring the February to May dry season. Early maturingvarieties are better than late maturing ones because theymake the best use of the moisture season. Finally,varieties that are down), mildew tolerant are advantageous
for May planting because of the higher downy mildewincidence in season. statured

with erect leaves are generally best for 


the rainy Short varieties 
mixed croppingsince they let more light through to the lower statured 

intercrop.
 
Rice: Dry seeded and upland rice be more
can quicklyestablished than transplanted lowland rice. The yield
potential of rice undergrown irrigated lowland conditionsis, iowever, generally higher than dry seeded and uplandrice. Further, rice can generally be planted under uplandconditions only when the monthly rainfall is over 200 mn.Upland rice varieties should be deep rooted, as they willthen be more tolerant to moisture stress. Since there are
only few months have 200 ofthat over mm rainfall, early

maturing upland rice varieties are preferable to late
maturing ones. In view of this, all rice varieties givehighest yields under rainfed conditions when they areplanted with first inthe rains April-May; June-July
planting of upland rice is not desirable. 
Mung beans: Mung beans, a typical upland crop, cannot grown uring the height of the rains since the crop 

be
issusceptible to water logging and cannot be harvested whenwet. Therefore, this crop should be planted at the end ofthe rainy season, preferably around November. Late
planting, however, increases the risk of moisture stress
 

which reduces yields.
 
Groundnuts: 
 Early maturing varieties generally have loweryield potential than late maturing varieties, but the
former often betterfit into cropping patterns. The plantsgenerally tolerate heavy rains at the beginning of thegrowing period but 
after pod formation excessive rainfall
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induces diseases and physiological problems. To prevent
 
sprouting and rotting in the field, the monthly rainfall 
should be less than 100 mm at harvest time. The crop tole
rates some shading and is, therefore, often used in mixed
 
cropping systems. In view of the above, groundnuts can 
best be planted around November.
 

Cow eas: This is a versatile crop which can be grown for 
s, can be harvested green as a vegetable and for 

fodder. It tolerates both heavy rains and drought but gives 
higher yields when grown under relatively high levels of 
light intensity during October-December. 

Cucurbits: Because all cucurbits are sensitive to exces
sive moisture the), are a typical dry season crop. Further, 
because initial growth is slow, this crop is well suited to 
intercropping and relay cropping systems. Planting is best
 
done in November-December. 

Sweet Potatoes: This crop tolerates heavy rain and over
shading during the first ti:,i mcths of its growing period. 
When the crop is relay-planted, the shade of a high statu
red crop is beneficial. After tubers have formed, exces
sive wetness leads to rotting. Because the crop is quite 
versatile in tolerating varying degrees of moisture it can 
best be planted from September to November. 

There are significant interactions between cropping sys
tems and varieties and different varieties are needed for 
different systems. When a crop is grown in a multiple 
cropping system, its yield potential may not be reached be
cause an early maturing variety has to be planted in order
 
to fit the time dimension of the entire system. Although 
the yield potential of individual crops may not be reached,
 
the productivity of the combined crops in the systems is 
usually higher than the yield of monocultures with high 
yield potentials. Lastly, genetic improvement of crops in 
most countries has traditionally been concentrated on mono
cultures. When selecting varieties for multiple cropping, 
it is preferable to use a variety that has been found 
suitable to multiple cropping, or, a variety that has been 
specially bred for these systems.
 

Planting tbne and patteAn 

Because of changing environmental parameters, the yield
 
potential of most crops varies with planting dates. Opti
mum planting times for crops in the Southeast Asian systems
 
illustrated in Figure 9.6 range from one to three months.
 

In Figure 9.5, the situation is entirely different. The 
climate of Zimbabwe is much "harsher" than that of South
east Asia and drought and low temperatures restrict the 
flexibility of planting period. Optimum planting periods 
for these systems are, therefore, shorter. 

Unger and Stewart (1976) , using a double cropping system 
of grain sorghum and sunflowers planted after wheat in the 
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southern U.S.A., found that there is adequate time for initial seedbed preparation when the growing season is long.Planting times, however, are critical for the establishmentof the second crop, since delays in planting may reduce
yields through frost damage, failure of day-length-sensi
tive plants to mature, droughts, insects and diseases.
Frost is of particular importance since the average harvesting time for irrigated winter wheat is late June,makingthe first of July a reasonable planting date for the second crop. A medium-early maturing grain such as sorghum, planted on the first of July would mature before frost in mostyears; late maturing varieties would not escape frost. 

lildebrand (1976) described an 
interesting multiple crop
ping system developed for E!1Salvador, shown in Figure 9.7in which the use of double or twin rows of maize allowedthe open space between the rows to be used for other cropswithout reducing the maize population. With irrigation,the system produced two full maize crops in one calendar 
year.
 

SoiR type and frnerLy eve 

Soil conditions (e.g., structure, drainage, water holding
capacity) influence cropping Forsystems. example, planting dates of all cropping systems of Figure 9.5 are influenced by the extent to which soil can be tilled. InSalisbury, the heavy soil is too hard to be tilled inSeptember-October. On heavy soils high in montmorillonitecontent (see the example for Southeast Asia in Figure 9.6)lowland rice-based systems are the only feasible alternatives during the peak of the monsuon, since the soil canthen not be tilled and maintained in an upland condition.
 

In both Salisbury, 
 Zimbabwe and Luzon, Philippines thewater storage capacity of the soils influences the lengthof the moisture season and thus crop selection for thelater part of the season. When it is low, drought tolerant crops such as sorghum and cowpeas are preferable to maize 
and groundnuts. 

In subsistence agriculture, where cash ini:uts are scarce,native soil fertility is an important determinant for cropping systems since year-round cropping, especially of cereal crops, requires high inputs of external nutrients.
When fertilizers cannot be obtained, systems such as thedouble cropping of maize and wheat barleyor and soya beansshown in Figure 9.5, or the double cropping systems of riceand maize and the triple croppin2 of rice as illustrated inFigure 9.6 cLnnot be used. On low fertility soils, themixed cropping system of finger millet and bambara nuts ofFigure 9.S.d will perform better than the high nutrientdemanding relay cropping system of mai ze and common beans
(System III). 
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Figure 9.7 Diagrammatic presentation of a multiple cropping
 
system in El Salvador (After Mildebrand, 1976).
 



In ielay and mixed cropping systems, plant 
interactions
 are significant and complex 
but to date, little scientific
work has been clone in this field and there is as yet noclear understanding of the 
nature 
of these interactions.
Until more research is done, it 
 seems advisable
fertilize associations to
which have a cereal majorcomponent as aon the basis of the requirements of the cerealwith slight modifications and allowances for the othercrop(s) in the association, 
for example, extra phosphate


for leguminous crops.
 
Fertility management for sequential cropping shoulddiffer significantly from 

not
sole cropping systems. Althougha preceding crop in 
a sequential cropping system influences
the fertilizer requirements of 
 the following crop,interactions 
between crops 
are unlikely to of
be greater
significance than in 
sole crop rotations.
 

The double cropping system maizeof and wheat of Figure9.5 can only be practised when both crops receive
relatively high applications of fertilizers. 
 When the
native nutrient status of the 
soil is medium, a maize
yielding seven tonnes of dry grain per 
crop
 

ha requires
fertilizers providing the following amounts of major
nutrients per hectare: 
 80-120 kgN; 45-70 
kg P20 5 ; 35-55 kg
K20. The requirements of wheat are similar or somewhathigher. The risk of applying high levels of nutrients towheat is small since the crop is grown unier complete irrigation and crop failures are, therefore, rare. The total
fertilizer requirements of system II (soya beans and barley) are lower since soya 
beans require less nutrients. In
Zimbabwe, soya beans grown 
in association with a cereal
sometimes not fertilized at 
are
 

all since the residual fertilizer meets the nutrient demands of legume.the System V inFigure 9.6, 
a triple cropping system of rice,

est has the highfertilizer requirements of the 
systems given for Luzon.
The requirements of the double cropping system of rice with
the relay-planted sweet potato (System IV) also has highnutrient demands. These systems are only successful whennutrients can be supplied. 
 In case of System V, complete
irrigation during 
the dry season is a
also prerequisite.
System III, one rice crop 
with cowpeas 
and a relay planted
crop of cucurbits, is best suited for low equilibrium farming since the cowpeas have a good nutrient uptake ability
and reasonable yields under low levels soil
of fertility.
Cucurbits generally respond 
to fertilizer applications and
chemical fertilizers can be successfully substituted for
organic manures.
 

Pest and disease controt 

In sequential cropping, alternation. of crop species is important - the sequence should be chosen so that the cropshave the fewest pests in common. (See Figure 7.10). Therefore, cropping System II (double cropping of soya beans andbarley) of Figure 9.5 is preferable to System I (maize and 
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wheat). Furthermore, when crops are relay planted or plan
ted in mixtures, it is advantageous to mix species of dif
ferent botanical families to further reduce the potential
 
damage from pests and diseases.
 

Havesting and marketing 

The speed at which crops can be harvested has important 
bearings on cropping systems. The double cropping systems 
illus':rated in Figure 9.5, for example, can only be prac
tised when crops are rapidly harvested since turn-around 
periods should be short. When harvesting crops grown in 
sequential cropping systems, crop residues should be left 
behind in an organized manner because irregular patterns 
may obstruct tillage and planting operations for the fol
lowing crop.
 

Harvesting relay cropping systems can le difficult be
cause the field is often not easily accessible and care
 
should be taken that the remaining component of the system 
is not damaged. The spatial arrangement of crops in relay
 
cropping systems should, therefore, allow for maximum 
accessibility. Consequently, twin rows are superior to
 
equidistant spacing.
 

Harvesting mixed cropping systems has the same problems 
as relay cropping systems. If crops grown mature simulta
neously, harvesting is facilitated. Associations of maize 
and groundnuts, maize and rice, sorghum and soya beans and 
finger millet are examples of systems in which the compo
nents can sometimes be harvested simultaneously. Pigeon 
peas, which have long growing periods, is an example of a 
crop which is normally harvested later than other crop(s)
in the system. 

Strip cropping systems are usually mechanized and the 
width of the strips should, therefore, facilitate machinery 
operation. A practical width of strips 's a multiple of 
the width of the harvesting machine. An advantage of strip 
cropping a low statured crop with maize is that the maize 
lodges less than in pure stands. If the maize does lodge,
however, harvesting of the low statured crop is more diffi
cult than if this crop were grown in monocultures. 

The efficiency of marketing systems is also an important 
factor. When products cannot be readily marketed, crops 
such as cassava, maize and sweet potato are advantageous. 
Harvesting can be delayed since these crops can be stored 
in the field. This, however, lengthens turn-around pe
riods. When delivery to markets is slow, the cash flow of 
the farm is disrupted which may make the purchase of inputs 
for the following crops difficult.
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SUMMARY 
In the selection and design of a cropping system for a gi
ven region, the physical and human environments are theprime factors to consider. The most important factor influencing the physical environment is moisture balance.
When the physical environment is described in quantitative
terms and when the environmental requirements of crops areknown, the two can be matched. The level of technology andthe availability of economic resources are also important
variables, particularly the level of mechanization and 
availability of irrigation.
 

Some cropping systems may require high levels of mechanization and can only be introduced when irrigation isavailable. When a -ropping system can be practised frompoint of view of physical environment and level of technology attainable, agronomic management determines the success
of the system. There is a significant interaction betweentillage practises and cropping systems and in sequential
cropping systems tillage can be a constraint.
 

Soil fertility is often a limiting factor in 
 sequentialcropping systems. While there are interactions between
cropping systems and pest and disease management, generally
this factor is not of dominant importance. 
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X Research
 

INTRODUCTION
 
Until recently, the western 
world, where most advanced
 
scientific techniques were developed, paid little attention
 
to 
research on multiple cropping systems, rather the focus
 
was on monocultures. Fimilarly, cropping systems research
 
in the tropics was concentrated on monocultures grown under
 
relatively high levels of technology.
 

Indigenous cropping systems used by farmers in the tro
pics are frequently based on multiple cropping with low
 
levels of technology. It has been increasingly recognized

that such systems in the tropics are inherently different
 
from western systems. These systems are often more super
ior in the environment in which they are practised and are
 
frequently in balance with the technical 
(i.e. biological

and physical) and human (i.e. social and economic) elements
 
of the environment. Research on tropical cropping should
 
address all elements of the systems and can, therefore, be
 
based on a "systems approach" in which each cropping system

is studied in toto.
 

CROPPING SYSTEMS RESEARCH
 
The objective of cropping systems research 
is to improve

the use of a given quality and quantity of physical re
sources by increasing the efficiency of their utilization
 
in crop production (Zandstra, 1977). The framework illus
trated in Figure 10.1 outlines 
 interdisciplinaryan 
approach for cropping systems research based on the above 
objective. 

A framework 6ot cropp~ng ystems %eeach 

The first step in the design of new systems is assessing

quantitatively 
the physical and biological environment
 
(e.g. land appraisal studies, definition of ecological and
 
climatic zones, soil surveys). On this basis, a number of
 
potential cropping systems can be designed by drawing on
 
the skills of soil scientists, agronomists and farm manage
ment specialists.
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Figure 10.1 A framework for cropping systems research in the
 
tropics. 
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Concurrently, the farmer's present environment (e.g., 
current production methods, constraints) should be under
stood. The prevailing cropping systems should be described 
in a detailed and quantitative manner. This work can best 
be carried out by a multidisciplinary team of social 
scientists, extension specialists and agriculturalists.
Many components of the support system (e.g., availability 
of credit, fertilizers, pesticides) can be described in 
quantitative terms. Data on the distribution of these 
components, availability and quality of extension services, 
product prices and other factors are usually difficult to 
express in quantitative terms. It is also important to 
assess the political eivironment since the efficiency of 
the infrastructural support system depends largely on poli
tical decisions. Assessing the present and future politi
cal environment is difficult, and erroneous judgements in 
this regard are often responsible for development failures. 

The next major step is to compare potential with prevai
ling systems. Using the knowledge gathered from socio-eco
nomic conditions and the support system, the differences 
between potential cropping systems and those prevailing 
should be explained.
 

Using the knowledge thus obtained, the feasibility of the 
potential cropping systems should be evaluated, and those
which seem most relevant should be tested under research 
station conditions. When the results of the testing are 
known, changes can be made, and the performance of the 
various systems tested should be compared with the existing
cropping systems. At this stage, potential cropping 
systems can be classified according to the degree of tech
nology needed and compared to the technology presently
available to the farmer. Proposed cropping systems can 
only be successfull/ adopted when the level of technology
required is in harmony with the level of technology 
presently in use. 

When sufficient knowledge has been obtained about the 
croj)ping systems performance under controlled research 
station conditions, promising systems should be tested in 
an environment which resembles more closely practical
farming conditions. This can be done on land rented from a 
farmer, with some assistance provided by the farmer, under 
the rigid control of research wirkers. Extension workers 
should also be involved at this stage. The penultimate 
step is to have the systems practised by farmers with the 
aid and guidance of extension workers. During this stage,
good contact between farmers, extension officers and 
research workers is important. 

The final step is to implement recommended systems with 
appropriate infrastructural support. When it is impossible 
to meet the necessary level of structural support, the 
improved system will probably fail under practical farming
conditions. Since it is difficult to predict what level of
 
support can be attained, it is advisable to consider seve
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ral assumed levels of infrastructural support when

designing the research programme. At higher levels, it can
be assumed that the infrastructural support system is suchthat there is a possibility of substantially changing

farming methods. If, at the observation phase, the
infrastructural support 
system is poorly developed, more

low-level technology systems should be designed. In
absolute terms, low and intermediate level practices have

potentially lower than
pay-offs advanced level practices,

but in terms of relevance, the first approach is less
 
likely to fail.
 

Cropping systems research along these lines will onlyproduce useful results if undertaken by a multidisciplinary
research team. This does not necessarily mean that a large
number of scientists have to be involved. One agricultura
list, for example, can participate in assessment of thenatural resources, studying the existing cropping systemsand planning and carrying out field trials. In general,
versatile people are required, not necessarily highly

specialized, but with extensive 
 and broad experience.

Scientists who meet this requirement can be permanently
employed on the project and have the overall responsibi
lity. If necessary, they can be assisted from time to 
time

by specialists (e.g., soil scientists, plant breeders,

entomologists, anthropologists).
 

Feedback and monitoring 

It is important that new systems developed by agricultural
researchers are capable of infinite repetition. That is to
 
say, the essence of a viable system is that it does not
harm the physical environment, for example, by allowing
soil erosion. However, new systems cannot really be

expected to be indefinitely applicable in exactly tile 
same

form because long-term unpredictable biological effects may
occur, particularly if they are introduced over a wide area
 
- through encouragement of new 
epidemic pests and diseases,

for example. Further, the new system could manyhave sideeffects, e.g. it could induce changes in input and outputprices, perhaps in social behavior through changing work 
patterns, or alterations in employer-employee relations.
 
Cropping systems research, therefore, needs to be a
continuous process and feedback 
on necessary changes does
 

not cease a few years after recommendr-1 systems have been
implemented. To contrary, will tothe feedbich have
continuous and increases in importance as 

be 
the biological


and socio-economic environment 
 in which the system ispractised changes. Another important factor is that new
technology always becomes available for testing. This, in
 
turn, calls for further research, leading to further
 
improved systems.
 

The test of relevance for a cropping system, therefore,
 
goes far beyond adapting it to the physical environment
 
alone. Adaptation to the human environment is equally
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important. The complex interactions between 'cropping
 
systems performance' and 'total environment' can best be
 
monitored by multidisciplinary research teams consisting of
 
both technical and social scientists. However, compre
hensive studies of all the parameters involved are not
 
always feasible, and often an intuitive knowledge of
 
interacting factors will have to suffice.
 

AGRONOMIC EXPERIMENTS WITH MIXED CROPPING SYSTEMS
 
Mixed cropping systems are the most intimate multiple crop
ping systems, and interference between crops is greatest.
 
The physical and biological processes taking place in these
 
systems usually also occur, to a lesser degree, in other
 
multiple cropping systems.
 

Mixed 	cropping systems have high yield potential and are
 
of interest from an agricultural research point of view.
 
Since 	research on these systems is quite recent, an outline
 
of some of the major aspects of mixed cropping experiments
 
is discussed below.
 

Objectivu
 

The main objective of trials with mixed cropping systems is
 
generally to examine the benefits of certain crop mixtures
 
over "other" cropping systems. Initially, these "other"
 
cropping systems are monocultures of the species grown in
 
the association. Later, when sufficient information is
 
available on the advantages of crop mixtures over
 
monoculture stands, different mixed cropping systems can be
 
compared.
 

The objectives of such trials are:
 

(i) 	to compare the efficiency of several spatial
 
arrangements of intercrop rows;
 

(ii) 	 to investigate and develop a range of alter
native intensive cropping patterns across
 
the variability of water and soil conditions
 
of the study area;
 

(iii) 	 to obtain insights into the degree of inter
 
and intra-crop competition; and
 

(iv) 	 to compare resource-use, costs and returns
 
of mixed cropping systems.
 

VaA'able tVeatments
 

For most mixed cropping trials a monoculture check is
 
essential. To compare mixed cropping treatments with their
 
monoculture check, it is sometimes necessary to have more
 
than one monoculture check per trial. The monoculture
 
checks should have certain plant populations and the sole
 
stands should be grown at given levels of technology. In
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many of the experiments reported, mixtures have been
achieved by adding together the 	 plant populations used inthe pure stand treatments (Agboola and Fayemi, 1971; Evans,1960). One major disadvantage of this method is that thetotal population of the mixtures is then greater than thatof the monocultnre stands, which often means that plantpopulations in the monoculture stand notare sufficientlyhigh to achieve maximum productivity. The mixtures maythen 	give an apparent yield benefit simply because they 
arethe only treatments which have total plant populations highenough to obtain maximum yield potential. Ideally thepopulation pressure of all treatments in a mixed croppingtrial should be equally high " ich can be achieved byplanting the crops in a "replacement series". When usingthis approach, total population pressure remains constantand, at the same time, it is possible to create a range ofmixtures with different proportions. Most of the pioneerwork on competition done by de Wit and v.d. Bergh (1975)used the replacement series technique. Willey and Osiru(1972) used this technique when conducing mixed croppingtrials with maize and beans and with sorghum and beans asdid 	 Beets (1976) with mixtures of maize and 	 soya beans,maize and groundnuts and sorghum and 
soya 	beans. An example of treatments designed using 
this approach is given in
 
Figure 5.4.
 

Expernnetae des.go 

Most statistical procedures 
 developed for agricultural
research are primarily meant for experiments involving sole crops. Mixed cropping and multiple cropping, however,requires the simultaneous testing and evaluation of several crops. Thus, techniques are required under which manycrops and crop combinations can be tested under varyingconditions. Three issuesmajor arise: 

(i) 	because crop combinations have interactions 
among themselves, multi-factor experiments
involving large numbers of treatments are 
advantageous;


(ii) because 
crops differ in their requirements
(e.g., spacing, fertilizer level, weeding)and since they have to be planted together
in one experiment, large experimental errors
 
can be expected; and


(iii) because economic data are important for

trial evaluation, the design of the trail 
should allow thefor measurement of these 
data. 

Workers at IRRI (1974) described a modified factorial
design to test 
63 multiple cropping systems (composed of
three crops grown pure or
in stands, intercropped at
different durations 
of overlap, and uader 
seven planting
arrangements of maize) tested under three fertilizer levels
and four weedcontrol 
levels. Although over 750 treatment
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combinations were possible only 256 were tested. Half of
these were replicated while the rest were not. Trials ofthis size cannot often be carried out and, under most 
conditions, the number of levels of fertilizer application,

weed control, etc. are restricted to one or two. 

Randomized blcck designs are frequently used thefor
experiments. For example, Sooksathan and larwood (1976)
used this design to test three treatments of maize in pure
stand, two treatmenrs of rice/maize intercrop and a rice
monoculture check. (1974) the design toDalal used measure
the effects of intercropping maize with pigeon peas ancti
Beets (1977) used it to compare various maize/soya bean
mixtures with monocultures of these crops. Other designs
which are frequently used are the split-plot design (Liboon
et al, 1975; Sooksathan and l1arwood, 1976; Beets, 1976),
and-tfl factorial design (Evans, 1960). 

Measurement of economic data is often important in rea
ching conclusions. Although this usually requires rather
larger ptot sizes than necessary for measurement of agro
nomic data replication is not usually necessary. Thus, 
more than one plot (without replication) could be used for
the collection of economic, management and agronomic data
and smaller plots (with replications) for detailed agrono
mic data. 

AGRONOMIC RESEARCH ON OTHER MULTIPLE CROPPING SYSTEMS
 

The approach used for research on relay cropping systems
hardly differs from that of mixed cropping. Relative plant
populations, proportions, degi'ee of inter- and intra-crop
competition also play important roles. 

Micro-cl imatological factors are generally important in
strip cropping and annual windbreak systems. Research on
such systems has frequently been concentrated on these 
aspects. Work done in this field by Radke and JHagstrom
(1976) and Rosenberg (1973) is among the most advanced
research work on multiple cropping systems. Economic as
pects are important in sequential cropping systems, parti
cularly the effects of interactions between cropping sys
tems and turn-around periods. 

SURVEY OF RESEARCH ON MULTIPLE CROPPING SYSTFMS
 
Until recently, limited systematic research has been

carried out to improve or develop whole agricultural
production systems which are adjusted to the specific agro
ecological and socio-economic conditions of regions or
countries in the Tropics. At present, sufficient attention 
is rarely given to the working conditions of the small
farmer. This, however, is slowly changing and interest in 
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multiple cropping and whole agricultural production systems

is increasing.
 

Although conditions 
in Asia, Africa and Latin America can
 
vary considerably, there 
are also remarkable similarities
 
in the working conditions on small farms, 
the performance

of mul.tiple cropping systems 
and their advantages over
 
other methods of agricultural production. Therefore, 
a
 
more 	 international approach to research 
 on multiple

cropping systems could be rewarding. Because the character
 
of this research involves multidisciplinary research 
teams
 
consisting of 
rather large numbers of technical and social

scientists, the major international centres are generally
 
best equipped for this approach.
 

Although at 
present most of the research is carried out
 
in Asia, in Africa, several institutes also conduct
 
experiments while interest in the field is very recent in

Latin America. 
 The work being done in various countries
 
and regions is summaried below:
 

Taman
 

Multiple cropping has been 
a special feature of agricultu
ral research and development in Taiwan. For several
 
decades comprehensive 
research has been conducted on many

aspects of multiple cropping systems. Breeding and
 
selection of varieties specially suited for these systems

has been of particular interest and 
 many excellent
 
varieties have been developed.
 

The most important factors requiring further 
investiga
tion were listed by ASPAC (1974) as follows:
 

(i) Adjustment of growing periods of rice 
to
 
reduce typhoon daina e: In Taiwan, double
 
cropping of rice is important and more
 
research will have to be carried out 
to de
termine optimum transplanting times, taking
into consideration agro-ecological factors 
and the seasonal threat of typhoons;

(ii) Shortening growing periods: Although many
 
varieties have already been specially 
bred
 
for multiple cropping systems, much work in
 
this field still remains to be done. Most
 
cropping systems in the country are based on
 
double cropping of rice and planting of
 
non-rice crops must be arranged to fit
 
between the two rice crops. Consequently,
the breeding and introduction of varieties 
with short growing periods has become 
necessary. In many other parts of the world 
this is equally important; and
 

(iii) 	 Adaptation to mechanizaion: Socio-economic
 
conditions in Taiwan havea 
 changed quite

drastically in recent 
decades; industriali
zation has been 
 rapid and labour has
 

140
 



gradually been withdrawn from the rural
 
sector. Labour shortages are becoming an
 
important factor in Taiwanese agriculture
 
and multiple cropping systems which can be
 
mechanized are now required.
 

The PMZppine 

An international multiple cropping research programme was
 
initiated at the International Rice Research Institute in 
the Philippines in the 1960s. The cropping systems pro
gramme of the Institute employs the resource utilization 
approach to develop more efficient and productive cropping
 
patterns for Southeast Asian rice farmers. Rice- based
 
systems and mixed cropping research are the dominant areas 
of research. 

Agronomic work includes studies on plant interrelation
ships, plant populations, and efficiency of light and
 
fertilizer use. Pioneer work has also been (lone in the 
field of insect relationships a-nd wced/crop interactions. 

In more recent years, research on the technological 
components required for adequate management of cropping
patterns has been undertaken. The programme has also 
examined the adaptation of cropping patterns to site 
variables such as soil, climate, landscape and the availa
bility of labour and power. This involves large numbers of
 
off-station experiments and is likely to increase the un
derstanding of the factors that hinder agricultural deve
lopment in the region. 

The 	 research areas which require furhter strenghtening 
include:
 

(i) An adequate description of the environmental
 
factors influencing cropping systems 
performance; 

(ii) 	A methodology to analyze and interpret the
 
biological performance of cropping patterns
 
as a function of the physical environment;
 

(iii) 	 The development of cropping systems perfor
mance criteria; 

(iv) Evaluation of component technology under
 
different environmental conditions, with 
particular emphasis on the creation of a 
wide array of varietal alternatives, crop
establishment methods and insect and weed 
management techniques;


(v) 	 A clear understanding of the researcher
farmer test situation which is necessary to 
efficiently combine the farmer's experience
and the researcher's expertise; and 

(vi) 	 A critical evaluation of the institutional 
requirements for cropping systems research. 

Because only a small number of varieties are available 
which 	 are particularly suited to mixed cropping, agrono
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mic research on 
will 

variety testing, brooding and selection
continue to play an important role. Some of thecharacteristics which ofare special importance includeshade, drought tolerance, short growing period and re

sistance to pests and diseases.
 

Ind A& 

India has the second largest multiple-cropped area in theworld (Mao, 1975) and there is considerable interest inresearch in this field. Many research papers havepublished but few in-depth studies been 
been 

lave done. Basic
research on the interrelationships between crops, theinter/intra competition ratio and the water-use efficiencyof crop associations needs to done. on abe Although,
country-wide basis, sequential cropping systems 
are likely
to be able to make a greater contribution toward food 
production than mixed and relay cropping systems, Srivastava(1972) states that relatively little reseach has been don
in this field.
 

The fields in which additional research is needed 
include: 

(i) Water household as a whole, particularly
methods of adjusting cropping patterns to 
water regimes and vice-versa;

(ii) Location-specific soil management techniques
and practices in relation 
 to cropping 
sequences;


(iii) The production-economics of various cropping
 
sequences under differing agro-climatolo
gical conditions; and


(iv) The organizational structures, procedures

and management practices required to meet 
the needs of the expanding agricultural
technology.
 

ICRISAT: 
 The farming systems research programme has been
prominent in operation thethe of International Cropslesearch Institute for the Semi Arid Tropics (ICRISAT)since it was established in 1973. The set-up of the programme to of Theis similar that IRRI. programme covers abroad field, and is based on "production factor research"and "resource utilization research". The ofscope agrono
mic research involves the following areas:
 

(i) Relay and sequential cropping studies;
(ii) Intercropping investigations;


(iii) Genotype evaluation trials;

(iv) Weed management systems; and 

(v) Methods to improve technology.
 
Considerable basic research is being carried 
out and the
Institute has made a considerable 
amount of information
available on multiple cropping systems {or the semi-arid 

tropics.
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Afirca 

In Africa research emphasis has been on monocultures rather 
than on mixed cropping systems. In 1934 Leakey stated that 
more priority should be given to research on indigenous 
methods of food production than on cash crops. Although, 
papers on mixed cropping by Evans (1960, 1962) and Grimes 
(1963) are now frequently quoted, at the time they were 
published, there was little interest and no follow-up. 
Willey and Osiru (1972) published excellent work on mixed 
cropping in Uganda but there has been no follow up on this 
work. Since 1964, socio-economic studies of traditional 
farming systems have been carried out at the Institute of 
Agricultural Research in Semaru, Nigeria including mixed 
cropping. (Norman, 1968, 1973, 1974; Baker, 1974; Andrews, 
1972, 1975).
 

Sequential cropping systems have not played important
roles in Africa. It seems possible that this is beczqe in 
those areas where double cropping could be practised popu
lation pressures are generally quite low and the infras
tructure and level of technolog.y are not sufficiently deve
loped. On the other hand, in the semi-arid and arid region,, 
in Africa,where population pressures are relatively higi
and food scarcity common, sequential cropping can only be 
carried out when sophisticated irrigation systems ain 
installed. 

Topcat meica 

Until quite recently, limited systematic research on 
multiple cropping has been carried out in Latin America. 
Present interest is associated with the conce rn Latin 
American governments show for the small farmer (Pinchinat 
et al, 1976). 

Working in Columbia, Gomez (1968) experimented with 
double cropping systems of maize and soya beans. Lepiz 
(1971) published data from mixed cropping trials of maize 
and beans, conducted in Mexico. lildebrand and French 
(1974) did interesting work on an integrated system based 
on a combination of mixed and relay cropping in El Salvador 
and Flor and Frances (1975) worked on mixed cropping 
systems of maize and beans in Columbia. 

More comprehensive studies of farming systems have been 
initiated by the Tropical Crops and Soil Department of 
Turrialba, Costa Rica. The research results indicate that 
under South American conditions, multiple cropping systems 
are generally more efficient than monocropping systems. 
These research efforts are, however, recent and conse
quently few of the results of experimental work have been 
implemented. 
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FUTURE RESEARCH NEEDS
 
The research information currently available indicates that
multiple cropping systems are 
often superior to monoculture
systems. The reasons for this 
are not yet fully understood
because multiple cropping systems 
ar.e complicated and
date only limited systematic research has 

to 
been undertaken.Many agriculturalists 
 now believe that improving the
productivity of multiple cropping 
 systems rather
attempting to replace 

than
 
them with capital- and energy-intensive monoculture technologies 
should be the research strategy for the future. During 
the past decade researchers
have begun 
to follow farmers' innovations and adapting
farmers' techniques 
rather than developing new techniques.


This a positive trend.
 
There is uniform agreement that multiple cropping systems
can only be completely understood when an 
interdisciplinary


effort among scientists is This
used. would not only
include interaction among 
technical scientists (e.g., plant
breeders, soil scientists, crop scientists) 
 but also
between this and
group social 
and economic scientists.
Only by using this approach can multiple cropping systemsbe fully understood and efficiently used to bring about 
a
significant increase in world food production.
 
In particular basic
the interrelationships between
species planted in multiple cropping systems must be better
understood. Basic 
studies 
are needed on root competition,
how differeat species extract moisture and nutrients, andhow the other components of the association are affected.
 
in view uf the energy crisis and the high costs ofchemical fertilizers, it is now extremely important thatthe whole question of the nitrogen cycle be betterunderstood. Research needs to 
be undertaken on whether the
nitrogen released by leguminuous crops can be taken up by 
a
non-leguminuous species in an 
association. Answers to
and similar questions can only be found by using sophisti-

this 

cated and detailed research. 
The technical research which is needed can be summarized 

as follows: 
(i) determination of the inter/intra crop compe

tition ratios for different crop associa
tions;


(ii) selection of 
and breeding of crop varieties
 
which are particularly suited multiple
to 

cropping:

(a) improved architecture of some crops to

reduce intercrop competition , (erect
leaves, low stature, etc.);

(b) earlier maturing varietites;
 
cultivars
(c) new which are adapted

different temperature 
to 

and photoperiod

conditions especially 
 for sequential

cropping systems;


(d) shade tolerant varieties for mixed and
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relay 	cropping systems.
 
(iii) 	 determination of the optimum time of
 

planting for crops grown in multiple crop
ping systems in specific environments;
 

(iv) 	 determination of optimum row spacings,
 
absolute and relative plant population
 
densities and level of weeding;
 

(v) understanding of the placement, timing,
 
rates and allocations of chemical
 
fertilizers more fully;
 

(vi) 	 examination of multiple cropping systems as
 
a whole and determination of the most
 
efficient patterns for maximizing the
 
utilization of solar radiation, water and
 
nutrients;
 

(vii) measurement of differences in the mic.o
climate induced by certain actions of
 
components of crop associations and learning
 
how to manipulate these to best advantage;
 

(viii) 	identification of the interactions between
 
cropping systems and pest incidence; and
 

(ix) 	 development of machinery appropriate for
 
multiple cropping systems, particular for
 
mixed cropping systems.
 

Advances in one discipline are likely to affect practices
 
of other disciplines. In the same way changes of farmers'
 
attitudes and practical farming will affect research. It
 
is, therefore, important that communication between all
 
parties involved in agricultural development, from policy
 
makers to researchers to extension workers to farmers, b3
 
improved and that an interdisciplinary approach be used to
 
the maximum extent possible when research on multiple
 
cropping is undertaken.
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