Chapter 2

LITERATURE REVIEW

2.1 Why intercropping (?7)

Interecropping 1is commonly practiced 1in the tropics
gspecially by small =scale, subsistence farmers (Francis,
1989; Vandermeer, 18889; Willey 1878). It is considered to
be an important farm practice since it offers the
possibility of vyield advantages relative to sole cropping,
either through vield stability and/or improved yvields
(Willey, 18793}. Major contributors to yield advantages
inciude: better use of growth resources (Tfenbath, 1886 and

better control of weeds, pests, or diseagses (Willey, 1879).

A comprehensive review by Willey (1878) states that
vield advantage in intercropping normally occurs because
component crops differ in their use of growth resources in
siich & way that when they are grown in combination they are
able to complement each other and so make better overall use
of resources than when grown separately. In terms of
competition, this means that in =some way the component crops
are not competing for exactly the same overall resources and
thus inter-crop competition is less than intra-crop

competition.



2.2 Indices used in evaluating intercrop advantage

Variocus indices =are beling used to evaluate interecrop
advantage. In this review, only three indeces, Land
Equivalent Ratio, Relative Yield Total, and Area-x-Tine
Eguivalency Ratio, are congidered since they are the most

commonly used.
Land eguivalent ratio (LER)

The  measurement frequently used te Jjudge the
effectiveness of an intercrop is the land equivalent ratio
{(LER)Y (Trenbath, 19786; Vandermeer, 1888; Willey, 18789). It
is  an index of combined vyield for evaluating the
effectiveness of all forms of intercropping (Ofori and

Stern, 1887a).

LER is defined as the total land area required under
sole cropping to give the yields obtained in the intercrop
mixture. It 1is expressed LER = (Yil/Ymi} + (YiZ2/¥YmZ)
where, Y is the yield per unit area, Yml and YmZ are sole
crop vields of the component crops 1 and 2, and Yil and YiZ

are intercrop vields (Hiebsch and MeCollum, 1887).

When LER iz egual or lesser than 1, there 1is no

advantage to intercropping in comparison with sole cropping.
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When LER is greater than 1; a larger area 1is needed to
produce the same yvields of sole crop of each component than
with an intercropping mixture (Ofori and Stern, 188%7a), and
the implication 1is that the magnitude of LER guantifies tbg
increase of biological efficiency achieved by intercropping

{Hiebsch and MeCollum, 1987).
Relative yield total (RYT)

RYT is uzed to evaluste intercrop advantage in
replacement desisgn. Total plant density of the mixture
must equal total plant density of pure stands of the mixture

components (Hiebsch and MeCollum, 1887).

The mixture vield of & component crop expressed &s a
proportion of its yield as = sole'crop igs the relative yield
of the e¢crop (Trenbath, 18976). The sum of the relative
vields of component crops igs called the relative yield total
(RYT). When RYT iz egual or less than 1, there 1is no
intercrop advantage (Ofori and Stern, 1987a). Only when RYT
ia greater than one can mixed cropping give a yield benefit,

because in part the species occupy different spaces.
Area-x—~-time equivalency ratio (ATER)

The area-x-time equivalency ratio was proposed by



Hiebsech and MceCollum (198?} as a modification of LER. This
takes into account the duration of the crop, that is, the
time it occupies from planting to harvesting. It is an
index used to evaluate effectiveness of intercropping sat
constant plant density. Plant population of each species in
monoculture 1s =ssigned a density of 1.0; each component in
the mixture is planted at &a given Fraction of its
monoeulture population; and the sum of the fractions for all
species in the mixture equals 1.8 (Hiebsch and McCollunm,

19875 .

ATER is preferably used to ‘evaluate +the intercrop
advantage when component. Ccrops do differ in maturity
periods. ATER, then, defines yield as a function of both
land area and time. It 1is calculsted (Ofori and Stern,
1887a) as: ATER = (Liti + Liti)/T where, Li and Li are
relative yields or partial.LER's of component crops i and j,
ti and tJ are the durations (days) for crops i and j, and T

is the duration (days) of the whole intercrop system.

ﬁhen the ATER is more than 1, there is an intercrop
advantage. For example, sn ATER of 1.3 means itr would
require 1.3 ha-daye of monoculture production to produce the
same guantities of the same commodities as 1 ha-day of

intercrop production (Wade and Sanchez, 19843.



2.3 Relative time of sowing component crops

Probably the msin way that complementarity in
intercropping can ocecur is when the growth patterns of the
compenent cropgs differ in time <o that the crops make their
major demands on resources at different times (Willey 1879).
This type of complementarity is said to give better temporsl

use of resources.

As Ofori and Stern (1987a) stated, the relative time of
sowing component c¢rops is a management variable that can be
manipulated in cereal-legume intercrop systems. Willey
(1879 and Marandu (1977) also supported that varyving the
time of sowing of the component crops may be a way to
improve vield advantage because it imoroves land
productivity and wminimizes competition for growth-limiting

factors in intercropping.

The effects of stasggered sowing on  yield advantages
merit some consideration and these have been examined in =a
number of studies. Some results revealed no effects, others
positive effects to the intercrop system. OFfori and Stern
(1987b) concluded from a masize - cowpea intercrop systens
that staggered sowing of coﬁponent cCrops at.intervals of 10
or 21 days were of no =advantage over sowing them

simultanecusly.



However, Nnko and Dote (13882) found that the highest
cereal gdrain vield for both maize and millet (3,212 g/plot
and 2,290 g/plot, respectively) were achieved by sowing
sovbean one week later compared with zimultaneous sowing, or
sowing soyvbean one or two weeks earlier than maize or
millet. They conecluded that sowing both 1egume and cereal
at the same time (as commonly practiced} inevitably leads to
lower cereal vyield than would be obtained under cereal
monoculture. Sowing the legume earlier than the cereal

produced even lower ceresl yield.

Staggered sowing may be one way of ensuring yield
advantage in intercrop system since temporal use of
resources of component crops differ, inter and intra-crop

competiton is minimal for growth-limiting factors.

Despite reports on yield advantages of various cereal-
legume intercropping studies, only a few had been reported
on vield =advsntages of intercropping upland rice with
legumes . A recent study in India (Mandal et al., 1939C) had
shown upland rice to be less competitive in intercrop with
legumes such as rice bean and blackgram. The total yield of

upland rice and blackgram in the intercrop was only 89% of

the highest monocrop (rice) yield. When the sowing of
blackgram was delayed 30 days after sowing rice, the
depression in total yield was lessened by only 2%. The



suthors suggested that the deferred sowing of the legume

lessened the competition from the legume on rice by
diverting demand for nutrients, water, etc. at different
periods.

Important practical points here are that when temporal
differences are increased by staggered s=sowing, this
increases the total growing peried; that +there maybe a
potential for greater yield advantages:; thst an earlier sown
crop becomes more competitive and & later sown one less
competitive than when they are sown simultaneously
(Willey,1979). Harper (1877) alsco supported that the
earlier sown component crop ususally becomes more aggressive

than when both crops are sown simnltaneocusly.
2.4 Nitrogen economy of the intercrop system

The legume component of an intercrqp system, because of
its ability to fix N2 from the air, is a potential source of
s0il N (LaRue and Patterson, 1881). Howevesr, this
contribution depends upon the effectiveness of the N-fixing
system, the legume may either increase the soil N status
through fixation, or in the absence of an effective N-

fixing system, it may compete for soil N (Trenbath, 1876).

2.4.1 N2 fixation by the legume component
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Peoples and Herridge (1890) stated that the levels of
fixation depend on water supply, inoculation, crop

management practices, including applications of fertilizer

B, and so0il ¥ fertility. There ig an inverse relationship
between the level of plant-available s0il N and the
proportion of N derived from Ffixation (PLfix). The

contribution of N2 fixation to the total nitrogen per plant
igs increased by moderate levels of combined N (so0il and
fertilizer N}, but declines‘at high levels, reflecting the
" depression of N2 fixation caused by the high levels of
either soil or fertilizer N (Marschner, 1886). Levels of
fixation achieved by crops in the field may be high, but are

not always sufficient to offset the harvested seed.

The quantity of N2 fixed by the legume component in
cereal-legume intercropping dependg on the species,
morphology, density of legume in the intercrop mixture, the
type of crop management and the competitive abilities of the
component‘ crops (Dferi and Stern, 1987a; Peoples and

Herridge, 1980).

Differences 1in the COmpetitive abilities of the
component crops for soil N can result in a stimulation of NZ
fixation and ultimately lead to an incressed N yield in the

intercrop relative to the 1legume and cereal monocrops
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(Rerkasem and Rerkasem, 1888; Rerkasem et al., 1988).

Legumes of indeterminate growth with = climbing habit

are gZenerally more efficient (Ofori and Stern, 1887a) and
more sucecessful (Peoples and Herridge, 1990) than
determinate types in terms of N2 fixation. KRerkasem et al.

(1988) concluded +that the proportion of legume N derived
from NZ fixation was higher 1in rice bean grown in
sssociation with maize than when grown as a sole crop. The
suthors concluded further that the stimulation of symbiotic
sctivity and suppression of uptake of so0il N by rice bean
contributed +to an increase in total crop N in maize-rice

bean intercrop.

However, with =zhorter bushy type legumes like groundnut
when intercropped with tall cereals like malize, its vield
and N2 fixation activity were reduced due to shading by tall

maize crops_(Nambiar et al., 1883).

2.4.2 Nitrogen transferx

Many commonly occuring 1intercrop systems involve a
nodulating legume, and total intercrop yields are better
relative to their monocnlturazl components (Trenbath, 1876).
1t is suspected that nitrogen is somehow involved. Evidence

in the literasture snggests that the N2 fixed by the

iz



intercrop legume may be available to the associated cereal
in the current growing season (Agboola and Fayemi, 1872) or
as @ residual for the benefit of a2 succeeding cereal crop
(Ofori and Stern, 18987a). Both form=s of N tranzfer are
considered to be important and could improve the N economy

of various legume-based intercrop systems.

The degree to which N from intercrop legume may benefit
a cereal crop depends on the quantity and concentration of
the legume N, microbial degradation (mineralization) of the
legume residues, utilization of these residues, and the
amount of N2 fixed by the legume (Henzell and Vallis, 1877
and Herridge, 1982 quoted from Ofori and Stern, 198%a).
When the guantities of N involved in plant growth, in N2
fixzstion and in seed are calculated for_food legume creps,
it iz apparent that the net N balance is often low and in

some instances negative (Peoples and Herridge, 1980).
2.4.3 Residual N of leguminous crops

The total amount of N in a legume crop comes either
from N2 fixation or fromvuptake of mineral H from the soil
l(Peoples ~and Herridge, 1980). The -intercrop legume nay
acerue N to the soil and this may not become svallable until
after the gZrowing season, improving soil fertility to

benefit a subsequent ceresl crop (O0fori and Stern, 1887a).
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Reported benefits of tropical cCrop legumes to
subsequent cereal cropese are consistent and substantial and
may persist for several reasons (Peoples and Herridge,
1980, regardless of whether the legume was grown in
monoculture or intercropped. From a comprehensive review
made by Peoples and Herridge (19803, improvements in ceresl
vield represent around 30% to 350 ¥ increases over yvields in

cereal~cereal cropping seguences.

Peoples and Herridge (1980) also pointed out that the
potential for legume leaves to contribute N to a subsequent
crop can be considerable since they represent the single
largest source of veéetative N remsining in the residuoe
tra=zh, and because their high N content and low C:N ratio

favor mineralization.

To maximize the contribution of legume N to a following
crop, it 1s necessary tﬁ maximize total samount of N in
legume crop, the proportion of N derived from NZ fixation,
the proportions of legume N mineralized and the efficiency

of utilization of +this minersl N (Feoples and Herridge,

18490). Unfortunately, it is not always possible to optimize
these factors. However, the quantity of N and N
contcentration in the legume material returned are likely to

be higher than when seed is removed from a food legume.
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