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ABSTRACT

Cassava, a long season wide spaced crop is slow in its initial growth and development and
therefore, intercropping of a short duration crop may increase the biological efficiency as a whole.
Intercropping in cassava is a widely followed practice in the humid and sub-humid tropics. In Latin
America and Africa, cassava is most commonly associated with an early maturing grain crop such as
maize or legumes. Normally, green covers are planted with cassava for a variety of purposes such as
cultural weed control, fertility management and moisture conservation and forage production. Results
have shown that intercropping in cassa-va did not affect the growth and yield of tubers significantly,
but increased the biological efficiency of the intercropping system as a whole by way of better
nutrient efficiency and better weed control. Intercropping in cassava could also fetch additional

income and since cassava being a wide spaced and initial slow growing crop, could provide ways to

Cassava (Manihot esculenta Crantz.),
commonly known as tapioca in India, is a stable
food of more than 300 million people all over
the world and is grown in as many as 90
countries. It also serves as an important raw
material for several industries. Among cassava
growing countries, India ranks fifteenth in area,
but it is the ninth largest producer of cassava
with a production capacity of 6.7 million tonnes
from an area of 0.24 million hectares (2005).
However, India tops in productivity with 27.9 t
ha-1, which is the highest in the world
(Unnikrishnan et al, 2006). In India, Kerala is
the state accounting for 43.6 per cent of the
cultivated area and 36.4 per cent of production.
Tamil Nadu is the second largest in area (95,000
ha) but, first in produc-tion (3.22 million
tonnes) accounting for 40.0 and 48.7 per cent
of states share, respectively, but tops in
produc-tivity (33.6 t ha-1).

Cassava, a long season wide spaced
crop is slow in its initial growth and
development and therefore, intercropping a
short duration crop may increase the biological
efficiency as a whole. Intercropping in cassava
is a widely followed practice in the humid and
sub-humid tropics. In Latin America and Africa,
cassava is most commonly associated with an
early maturing grain crop such as maize or

legumes. Normally, green covers are planted
with cassava for a variety of purposes such as
cultural weed control, fertility management and
moisture conservation and forage production
(Leihner, 1980). But, the area under
intercropping of cassava is negligible especially
in India and research work on intercropping is
also scanty.

Importance of intercropping

Intercropping of two or more crop
species with contrasting growth habits is a time-
honoured practice and the potential advantages
recognized are summarized by Mutsaers et al.
(1993). According to them intercropping leads
to better use of physical resources (solar
radiation, mineral nutrients and water), provide
high labour productivity than sole cropping and
reduces risk as compared with sole cropping.

Light use efficiency in intercropping
can be expected when crops with differential
response to light are grown together. Efficient
use of light by intercrop canopy has been
recorded in intercropping experiments
(Natarajan and Willey, 1980). They also
observed a high water use efficiency in
intercrop-ping, attributable to the reduction in
evaporation loss from inter-row space by
intercrop canopy. There is also better weed
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control in intercrop-ping; often assignable to
the high population pressure of the component
crops (Shetty and Rao, 1981).

Last, but not the least is the yield
advantage in intercrop-ping, which could be
considered as a consequence of greater uptake
and utilization of nutrients as observed by
Natarajan and Willey (1980). In legume and
non-legume association, the nutrient use
efficiency is greater because of the ability of
the legume to fix atmospheric N and made
available later to associated non-legume, thus
resulting in higher yield of non-legume than its
sole crop yield (Nair et al., 1992).

Intercropping in cassava

Intercropping in cassava is gaining
importance in most of the countries of
developing world, where the pressure on scarce
cultivable land is ever increasing. In addition
to the increased productivity there were many
more reasons to practice intercropping systems
in different parts of the world (Andrews and
Kassam, 1976; Willey, 1979). Intercropping
cassava with short duration crops was found
feasible (Okigbo and Greenland, 1976;
Prabhakar and Nair, 1984). They have
attempted to grow various leguminous
(groundnut, cowpea, soybean etc.) and non-
leguminous (maize, sunflower, upland rice etc.)
crops besides vegetable crops (onion, french
bean etc.).

According to Kawano and Thung
(1982), cassava can be planted in association
with short duration crops like faba beans,
cowpea etc, and that cassava genotypes of less
vegetative vigour could be preferred for such
associations. Leihner (1984) estimated that
approximately 40 per cent of cassava cultivated
in Latin America and 50 per cent in Africa is
intercropped. In Africa, about 50 per cent of
cassava is reported to be under mixed cropping
(Okigbo and Greenland, 1976). After surveying
two cassava-growing states of India, namely,

Tamil Nadu and Kerala, Ramanathan et al.
(1990) reported that intercropping in cassava
was a common practice in Tamil Nadu,
where-as, mixed cropping involving tuber crops
and this crop rotation was widely followed in
Kerala.

Being a long duration crop, tapioca
offered scope for accom-modating intercrops
in between rows, reduced the risk of
depend-ence on a single crop, provided early
and additional income and hence useful for
small and subsistence farmers (Thamburaj,
1991). Cassava, a long duration crop has slow
initial growth and during this phase utilization
of light, nutrients, moisture etc. by cassava is
meagre. Therefore to increase the efficiency of
utilization of resources i.e. land, water and solar
radiation, intercropping system are suggested
(Mutsaers et al., 1993).

Intercropping cassava with maize

Cassava / maize intercropping seemed
to be the most popular and productive bispecific
mixture grown in Tropical Africa, Asia and Latin
America. In Nigeria, Ikeorgu and Odu-rukwe
(1990) opined that cassava / maize intercrops
were highly productive, and this could further
be improved by inclusion of groundnut.
Hartojo and Widodo (1991) reported that
hybrid maize could be intercropped with
cassava without affecting the cassava yield in
Indonesia. Olasantan et al. (1994) concluded
that intercropping cassava with early maturing
maize under optimum availability of soil
nutrients, particularly N can maintain high
mixture productivity.

Intercropping cassava with legumes

Several grain legumes like Cowpea
(Vigna unguiculata), Mung bean (Vigna
radiata), Soybean (Glycine max), Groundnut
(Arachis hypogaea) and Pigeonpea (Cajanus
cajan) have been tried as intercrops in cassava
by several workers (Sasidhar and Sadanandan,
1976; Pillai et al., 1986). The inclusion of a
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legume in the multiple cropping systems with
cassava was suggested out of two important
considerations. First, being a legume crop it will
fix atmospheric N and thereby promote soil
fertility. Secondly, cassava tuber is very low in
protein and inclusion of a pulse crop is quite
significant from the point of view of balanced
nutrition (Sasidhar and Sadanandan, 1976).

Leihner (1983) reported that cassava
a long duration tuber crop is commonly
intercropped with legumes in the tropics. Two
rows of intercrops were considered the best
system (Charoenrath, 1983). Pillai et al. (1986)
reported that cassava could be inter-cropped
with cowpea, greengram, blackgram or
groundnut in the early stages. Though different
cassava based intercropping systems are
prevalent among farmers, cassava legume
association has the advantage of improving the
nutrient status of the farm family, enriching the
soil by means of legume effect adding to
fertilizer use efficiency (Bhattacharya and
Singh, 1988).

According to Tsay et al. (1988) and
Fukai et al. (1990) cassava/legume
intercropping could be more productive than
sole cropping of individual species particularly
when wide row cassava was intercropped with
a short duration crop, as the associated legume
matured before competition developed
between the two species and that cassava had
time to recover from the ad-verse effect of
legume. According to Thamburaj (1991)
suitable intercrops identified in cassava for
Tamil Nadu conditions have been bellary
onion, groundnut, cowpea and blackgram. Nair
et al. (1992) reported that intercropping cassava
with groundnut, french bean and vegetable
cowpea were found to be most promising in
Kerala, while onion, tomato were most
profitable in Tamil Nadu.

Effect of intercropping on growth attributes

Higher plant height and more number
of leaves were observed by Sheela and

Mohammed Kunju (1988), Thamburaj and
Muthukrishnan (1991) and Prabhakar and Nair
(1992) in sole crop than in inter-cropped
cassava. Ramanujam and Lakshmi (1984) and
Prabhakar and Nair (1992) noticed that at the
harvest stage, leaves, stem and tuber accounted
for about 16, 25 and 59 per cent of total DMP,
respectively, both in sole and intercropped
cassava. Increase in plant height after second,
third and fourth month after planting was
reported by Anilkumar and Sasidhar (1987) in
cassava when intercropped with groundnut.
However, when intercropped with cowpea
maximum reduction in plant height of cassava
was noticed, due to the smothering effect of
the luxuri-ant vegetative growth of cowpea
before the fifth month, after which this effect
was lessened. Kuruvilla Varughese et al. (1988)
observed that the height of the main crop was
reduced by cowpea and groundnut throughout
the growth period. These two crops were also
casual in reducing number of leaves of cassava,
but the effect reached significant only during
the early stage of the growth.

Total dry matter of intercropped
cassava was always lesser than that of sole
cassava (Tsay and Wilson, 1989). As intercrop,
yam affected cassava lesser than maize
(Moreno, 1990). Thamburaj (1991) found that
the growth of tapioca picked up after three and
half months and after five months there was
no difference in the growth of sole or
intercropped cassava.

According to Prabhakar and Nair
(1992), the setback in cassava growth during
its early stage was due to competition with
associated groundnut for light and applied
nutrients. However, there was no difference in
biomass production between sole cassava and
cassava + groundnut under irrigated
conditions. In another study, Balakrishnan and
Thamburaj (1993) recorded the maximum
height of cassava when intercropped with
balckgram suggesting that the plant height of
cassava was also influenced by the intercrop.



182 AGRICUTURAL REVIEWS

Olasantan et al. (1995) reported that inclusion
of maize with cassava increased plant height,
reduced LAI and decreased nutrient uptake in
cassava. Intercropping of cassava with
Flemingia led to an increase in quantity of
drymatter.  The highest dry matter yield was
obtained when cassava intercropped with
Flemingia (Nago Tien Dung et al., 2005).

Anilkumar and Sasidhar (1987)
observed lower values of LAI, when
intercropped with cowpea. According to them,
the smothering effect of cowpea which was
evident in the form of yellowing of older leaves
of cassava in intercropped plots. Intercropping
might have reduced the leaf area duration in
addition to the number of functional leaves
thereby causing a reduction in leaf area index.
However, such significant difference in LAI was
not observed by them after fifth month of
planting. According to Ghosh et al. (1989)
intercropping influenced the mean LAI of
cassava and the effect was more pronounced
in intercropped stands of cassava with
groundnut and cowpea. Ayyasamy (1994)
reported that LAI of cassava, groundnut and
sesamum increased with increase in number
of irrigation and it was not altered due to sole
or comrade crop in groundnut and sesame.

Yield of tubers

Intercropping with maize

Abit (1979) found that intercropping
sorghum or maize did not affect the yield of
cassava when both crops were planted at the
same time or when the cereals were planted
one or two weeks later.  In case of cassava +
maize, high N status stimulated maize growth,
which might reduce the cassava yield if maize
vigour exceeded a threshold level (Kang and
Wilson, 1981).

Villamayor Junior and Destriza (1982)
found that one hill of sweet maize between
cassavas did not significantly affect the yield of
cassava. In Costa Rico, Ikeorgu et al. (1989)

reported that cassava / maize intercropping
system yielded highest calories ha-1 day-1.
Ikeorgu and Odurukwe (1990) reported that
cassava yields were not reduced in cassava/
maize and cassava/groundnut bispecific
mixture. According to Ezumah (1990), a maize
population of 40 to 80 per cent did not
significantly reduce the yield of intercropped
cassava. Ezumah et al. (1990) reported a
decline in cassava root yield under
intercropping with maize at high population
(1,00,000 plants ha-1). Hartojo and Widodo
(1991) opined that hybrid maize could be
intercropped with cassava without affecting
cassava yield.  Olasantan et al. (1997)
concluded that the main factor limit-ing the total
yield in a cassava-maize intercropping system
is the depression of the early cassava growth
by vigorous maize component, which reduces
the amount of assimilate allocated to cassava
roots.

Intercropping with legumes

Yield aspects

In India, intercropping cassava with
groundnut was found more lucrative than
monocropping, but resulted in reduction of
cassava yields (Thamburaj and Muthukrishnan,
1991; Mohankumar and Hrishi, 1979;
Prabhakar and Nair, 1984).

Sheela (1981) concluded that the yield
was not affected by growing groundnut as
intercrop in cassava. Leihner (1980) reported
that planting stylo between cassava, produced
root yields similar to or higher than those
obtained without stylo undersowing. Anilkumar
et al. (1990) recorded higher tuber yield under
paired row cassava + fodder cowpea
intercropping system compared to pure stand
of cassava at normal planting. Mestra (1990)
reported that the highest tuber yield was
obtained in sole cassava and the lowest in
associated cropping. Thamburaj and
Muthukrish-nan (1991) observed that the yield
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of tapioca tubers was not affected
comparatively when bellary onion was raised
as an inter-crop, the reduction in yield was
negligible.  Neither spatial arrangement of
cassava nor change in plant density of
intercropped groundnut had any substantial
effect on tuber yield of cassava (Prabhakar and
Nair, 1992).

According to Villamayor Junior et al.
(1992), the long-term trial with legume
intercropping showed significant yield
differ-ences in the first crop; highest and lowest
yields were obtained when cassava was
monocropped and intercropped with Cajanus
cajan, respectively. Karnik et al. (1993)
experimented and found that monocul-ture of
cassava gave significantly higher tuber yield
followed by cassava + cowpea. No significant
difference in yield of cassava was reported
when intercropped with cowpea (Savithri and
Alexander, 1995).

Nago Tien Dung et al (2005) reported
that Intercropping with Flemingia reduced the
yield of foliar and root in the first year, but
increased in the second year.  This agrees with
the findings of Nguyen Phuc Tien et al. (2003).

Weed control

Leihner (1980) postulated that cassava
with legume, ensured better coverage of soil
surface, which diminished light penetra-tion,
thus reduced weed growth without other weed
control meas-ures. The sole practice of
intercropping beans with cassava reduced the
total weed dry weights to 47 per cent at 90
DAP.

In maize + cassava intercropping
system, Akobundu (1980) obtained the highest
total food energy and the lowest weed dry
weight with a total plant density of 30,000 ha-
1. However, ac-cording to Ossom (1986), a
total plant density of 50,000 ha-1 markedly
reduced the weed infestation. Zuofa et al.
(1992) also suggested the use of groundnut or

cowpea or melon as smother crop in cassava
+ maize intercropping system wherein the best
weed control, highest yields and LER were
recorded with a total plant density of 50,000
ha-1. Olasantan et al. (1994) concluded that
intercropping cassava and early-maturing maize
under optimum availability of soil nutrients,
particularly N, could give good weed control
and main-tain high mixture productivity.

Land equivalent ratio (LER)

Kang and Wilson (1981) reported an
LER of 1.42 to 1.79 in cassava + maize
intercropping. LER increased with increased N
levels at 20,000/40,000 plants ha-1. Higher
LER of cassava + maize intercropping was
reported by many workers. An LER of 1.36 to
1.84 by Ezumah and Lawson (1983), 1.73 to
2.11 by Ikeorgu et al. (1984), 1.63 to 1.91 by
Ezumah (1988) and 1.16 to 1.69 by Osiru and
Hahn (1988) were recorded.

In cassava + cowpea combination
higher LER values were also reported by many
investigators. Mason et al. (1986) reported an
LER of 1.48 to 1.56 at 9,300/1,11,100 plants
ha-1; 1.50 to 1.73 by Mba and Ezumah (1985),
2.02 by Ezumah (1986) at different densities
and row patterns. A small but real biological
advantage of growing cassava in association
with maize or grain legumes, with an average
mean LER of 1.19 and 1.11, respectively, was
reported by Mutsaers et al. (1993).

Yield differences between mono and
intercropped cassava depended on time of
harvest.  They were large at the beginning and
zone at final harvest.  Land equivalent ratios
were mostly > 1.5 indicating that a maize /
cassava mixed crop protected or unprotected,
considerably increased the productivity per unit
area of land.

Economic aspects

Intercropping is considered as an
income augmenting measure from cassava
field. Eventhough intercrops reduced the yield
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of cassava, the reduction was compensated by
the intercrop yield and further increased the
net profit to the farmer (Mohankumar and
Hrishi, 1974). According to Andrews and
Kassam (1976) and Okigbo and Greenland
(1976), higher gross return and dietary
requirements were achieved under
intercrop-ping than sole cropping.

The economic analysis of various
intercropping systems in tapioca has revealed
that the performance of groundnut as intercrop
was the most profitable one (Singh and Mandal,
1970; Sintupra-ma et al., 1973; Sheela, 1981;
Anilkumar and Sasidhar, 1987 and CTCRI,
1988). Evengelio and Posas (1983) found that
under intercropping system maximum
economic benefits were obtained when root
crops and legumes were planted at the same
time. According to Asokan et al. (1985), in a
cassava + legume intercropping, cowpea might
be the most remunerative intercrop in high
rainfall oxisol of central Kerala. Ghosh et al.
(1987) obtained the highest net return from the
crop combination of cassava plus french bean
or cowpea.

Asokan and Sreedharan (1987)
observed the highest income under cassava +
groundnut + red gram (BCR-1.94) followed
by cassava + groundnut (BCR-1.86) and
cassava + cowpea (BCR-1.83) than sole
cassava. Intercrops like greengram, cowpea,
blackgram or groundnut gave an additional
income without adversely affecting the yield of
main crop and also recorded higher profit than
sole cassava (Kuruvilla Varughese et al.,1988).
Ghosh et al., (1989) report-ed that cassava in
combination with seasonal intercrops provided
the highest net returns than as a pure crop;
cowpea as a ground tier crop was more
profitable when compared with groundnut.
Sheela and Mohammed Kunju (1990) found
that groundnut intercrop was found to be
significantly superior to cowpea giving the
mean net return of Rs.11, 863 ha-1.

Meera bai et al. (1992) reported that
paired row planting of cassava+ cowpea
recorded the highest net income of Rs.11,335
ha-1 followed by uniform planting of cassava
+ cowpea (Rs.10,433 ha-1). The
corresponding cost benefit ratio (BCR) was
Rs.1.65 and 1.60, respectively, per rupee
invested suggesting that cassava cowpea
intercropping was more efficient than cassava
groundnut association.

Interplanting cassava with other crops
such as upland rice, maize and legumes
increased the gross income by 33 per cent
compared to monoculture cassava (Wargiono
et al., 1992). The study conducted by
Prabhakar and Nair (1992) revealed that by
practicing cassava groundnut intercropping
system it was possible to achieve 27 to 32 per
cent more monetary benefit under rainfed
condition and 15 to 60 per cent with
supplementary irrigation than sole cropping of
cassava.

Soil fertility: Searle et al. (1981) have reported
that intercropping with groundnut was
beneficial to soil. According to Burgos (1980)
advantages of intercropping cassava with other
crops were felt in many ways like reduction in
run off and soil losses, and conservation of
physical properties and maintenance of soil
fertility. Leihner (1980) reported that stylo, as
a companion crop in cassava besides
smothering the weeds, was able to supply N
equiva-lent to 20 kg urea ha-1 for unfertilized
stylo and 160 kg urea ha-1 for fertilized stylo.
Prabhakar and Pillai (1984) found that
intercropping helped to reduce soil erosion,
leaching nutrient, depletion of soil fertility and
check the growth of weeds than pure crop of
cassava.

Swaify et al. (1988) found that the use
of legumes as ground cover reduced runoff and
soil losses in maize. Similar beneficial effects
were also gained from intercropping legumes
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with cassa-va. Besides providing protection
against runoff and erosion, legume
intercropping also enhanced grain yields in
succeeding crops due to nutritional
contributions from their residues.

Intercrops produced large amount of
residues which, when returned to the soil as
mulch, would improve crop production and soil
productivity (Wargiono and Tuherkin, 1987).
The NPK content of soil was improved due to
raising of legumes (Thamburaj, 1991).
Olasantan et al. (1995) reported that soil fertility
espe-cially N was lower in cassava + maize
intercropping than in cassava grown alone.
Compared with monoculture of cassava or
Flemingia intercropping them resulted in

decreased soil erosion was reported by Nago
Tien Dung et al. (2005).  Similar findings were
reported by Dung (2002) who showed that the
root yield of cassava intercropped with two and
three rows of peanut compared to cassava in
monoculture. In Flemingia + cassava
intercropping system (Nago Tien Dung et al.
2005) recorded decrease in organic matter and
nitrogen in the plots with cassava for roots and
cassava for foliage.

The foregoing review brings out that
intercropping in cassa-va could fetch additional
income and since cassava being a wide spaced
and initial slow growing crop, could provide
ways to accommodate certain specific intercrop
for yield and economic advantages.
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