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Abstract. In India tropical root and tuber crops
namely cassava, greater yam, lesser yam,
elephant foot yam, taro, tannia and arrowroot
are mostly cultivated in association with
plantation crops like coconut, arecanut,
coffee, rubber and banana.  Intercropping the
root and tubers with tree crops both at the
immature and mature phases is a common
practice especially in small and medium sized
land holdings, in order to augment the net
income and employment opportunities. In
such farms, the produce from the perennials
generates the cash income, while the starchy
root and tubers partially meet the food
requirements of the farm family and the feed
needs of farm animals. Research during the
past two decades in India had brought out
the agronomic and economic advantages of
the cropping systems involving tropical root
and tubers and the plantation crops. In this
paper the opportunities, challenges and future
research needs of cropping/farming systems
involving tropical tuber crops and perennials
are critically evaluated.

Introduction

Cultivation of tropical root/tuber crops viz.
cassava, yams, edible aroids and sweetpotato
in the interspaces of perennial plantations
(coconut, arecanut, rubber, coffee, banana
etc.) is a common practice throughout the
humid tropics. In the coconut and arecanut
gardens of South India, cassava, yams and
edible aroids are preferred as intercrops
(Nayar, 1995). In Sri Lanka and Philippines also
cassava is grown as intercrop in coconut
plantations (Liyanage and Dassanayake,

1993). Rubber plantations of India are
intercropped with cassava, yams and edible
aroids during the immature phase (Mathew et
al., 1978) whereas in Malaysia cassava is
grown as intercrop in rubber estates (Leihner,
1983). In juvenile robusta coffee plantations,
elephant foot yam, greater yam and ginger
are grown in the interspaces (Nayar, 1976).
Intercropping banana orchards with yams and
edible aroids is also a profitable practice
(Nayar and Nair, 1992).

According to one school of thought these
perennial plantation crops cum annual root/
tuber crop systems had developed due to the
human population pressure on arable land,
especially in the tropics. On the contrary such
systems are more efficient for the optimum
utilization of resources viz., land, water, solar
radiation and other inputs. The root and tuber
crops other than sweetpotato have longer
duration than cereals and are adapted to the
same ecological conditions suitable for
plantation crops. In plantation crops cum root
and tuber crops farming systems the main
crop provide the cash income for the farmer,
while the intercropped root and tubers
partially meet the food requirements of the
farm family and the livestock.

Though intercropping in plantations is an
age-old practice, in India, systematic research
had been taking place only during the last
two decades, mainly to refine the system and
enhance productivity. Willey (1979) had
postulated three different situations under
intercropping. (i) Intercropping must give the
full yield of the main crop and some yield of
the companion crop (ii) The combined yield
of the crops must exceed the higher sole crop
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yield (iii) Combined intercrop yields must
exceed the combined sole crop yields. In
cropping systems research involving the
plantation crops and root/tubers, only the first
situation is considered. In this paper the
salient research achievements and future
research needs of cropping / farming systems
involving tropical root/tubers and perennials
are critically evaluated.

Resource use in plantation crops.  Most of
the plantation crops occupy the land for
several decades and utilize the natural
resources only to a very limited extent
producing less than 10% of the potential dry
matter production in the tropics (Nelliat et al.,
1974). Roots of coconut trees planted at the
recommended spacing of 7.5 x 7.5 m effectively
use only 25% of the land and the canopy
intercepts about 40 to 50% of the solar
radiation at mature stage. (Nair and
Balakrishnan, 1976). Arecanut palms spaced
at 2.7 x 2.7 m exploit only 50% of the land and
about 50 to 75% of the solar radiation (Nelliat,
1979). In other perennial crops also (rubber,
robusta coffee, banana etc.) which are planted
at wider spacing, resources like land and solar
radiation are not fully utilized. In addition to
land and solar radiation one of the most
important requirements for intensive cropping
is water. In general, the water requirement of
crops by and large depends on the
evaporative demand of the climate of the
location. So the quantity of water required
tofacilitate production of single crop or a
number of crops in a particular location would
remain almost same. Analysis of the above
features of plantation crops clearly suggests
the agronomic and economic advantages of
raising compatible crops in the interspaces.
Strengths and weaknesses of root and tubers
as intercrops

The desirable traits for crops  suitable for
growing  in the interspaces of plantation crops
have been suggested by Allen (1955) and
Hartley (1977).  Such crops should be shade
tolerant, should not overgrow the main crop,
and should not host the same pests and
diseases of the main crop. The cultural

operations for the intercrop should not
damage the main crop or promote soil erosion,
its economic life should not exceed that of
the main crop, and should be adapted to the
same ecological conditions. In addition, the
produce should have good storability and be
marketable.

On critical evaluation of the characteristics
of the root and tubers, it may be observed
that root and tuber crops especially edible
aroids and arrowroot are shade tolerant, most
are shorter in stature and are comparatively
tolerant to pests and diseases and do not
harbour common pests and diseases.  The root
and tuber crops are adapted to the same
ecological conditions as that of plantation
crops and have shorter duration, their
produce have fairly good storability and all
of them have demand in local markets.
However, their export potential and scope for
value addition is limited and their production
involve land disturbance, which may promote
soil erosion especially in sloppy terrain.

Efects of intercropping with root
and tubers on plantation crops

The long-term implications of intercropping
with root and tubers in coconut and arecanut
plantations were studied in detail.
Intercropping experiments in coconut stands
with tubers revealed that raising tuber crops
had no adverse effect on the main crop of
coconut provided the same intercrop was not
grown in the same land every year and both
the intercrop and main crop were manured
separately and adequately.  Five to fifteen per
cent increase in yield of coconut palms were
obtained when cassava, elephant foot yam,
greater yam, lesser yam and taro were grown
in rotation (Varghese et al., 1978). A number
of field experiments were conducted in
different locations to assess the effects of
intercropping with root and tubers in arecanut
gardens. The experimental evidences in
general indicated that intercropping in
arecanut gardens was not harmful to the main
crop (Muralidharan and Nayar, 1979). The
influence of intercropping tuber crops on the
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growth and development of robusta coffee
was studied by Nayar (1976) and reported that
intercropping with elephant foot yam
promoted the growth of coffee plants. The
effects  of raising tuber crops viz. elephant
foot yam, greater yam, lesser yam, tannia and
white yam on growth, yield attributes and
yield of banana var.Nendran (Musa AAB) and
banana var Robusta (Musa AAA) were
investigated in detail and found that the above
parameters were not adversely affected due
to intercropping. (Nayar and Suja, 1996; Nayar
and Suja, 1998; Nayar et al., 2000).

Performance of root and tubers as
intercrops in plantations

The performance of root and tubers as
intercrops in coconut, arecanut, coffee, rubber
and banana plantations were evaluated in
detail. Research to standardize the agronomic
practices including soil fertility management
was also undertaken especially for production
of roots and tubers in association with
coconut palms.

Productivity of root and tubers in association
with coconut palms. The compatibility of
tuberous crops viz. cassava (Manihot
esculenta), elephant foot yam
(Amorphophallus paeoniifolius), greater yam
(Dioscorea alata), lesser yam (Dioscorea
esculenta), sweetpotato (Ipomoea batatas),

tannia (Xanthosoma sagittifolium), taro
(Colocasia esculenta) and Chinese potato
(Solenostemon rotundifolius) were
investigated in detail (Menon and Nayar 1978;
Varghese et al., 1978). Further Nayar (1986)
investigated the production potential of
cassava genotypes intercropped in coconut
gardens as influenced by different plant
populations, growth regulators and soil
fertility management. The performance of
yams particularly the recently introduced white
yam (Dioscorea rotundata) as intercrop in
coconut gardens was assessed by Nayar and
Suja (1999) and Suja (2001).The productivity
of arrowroot (Maranta  arundinacea)
intercropped in coconut garden as affected
by plant population, mulching and N:K
fertilization was studied by Suja et al. (2003).
The information on productivity of root and
tubers in association with coconut palms is
summarized and provided in Table 1. In general
indigenous yams, edible aroids and cassava
produced satisfactory intercrop yields. The
impact of coconut shade on per plant yields
and estimated reduction / increase in yield is
given in Table 2. Comparatively higher yield
reduction was recorded for sweetpotato (47%)
followed by cassava (33%) and white yam
(29%).

Management practices for root and tubers
intercropped in coconut gardens.
Gopalasundaram and Nelliat (1979) stated that

Table 1:   Productivity of root / tuber crops in association with coconut palms.

Crops                                              As intercrop                                                  As sole crop

                       Plants ha-1            Yield ( t ha-1)              Plants ha-1                 Yield ( t ha-1)

Cassava 9,000 14 12,000 28
Elephant foot yam 8,000 15 12,000 25
Greater yam 9,000 17 12,000 32
Lesser yam 12,000 10 17,000 17
White yam 9,000 16 12,000 34
Tannia 9,000 6 12,000 12
Taro 21,000 6 30,000 10
Sweet potato 49,000 4 75,000 11
Chinese potato 45,500 6 70,000 12
Arrowroot 1,30,000 18 2,00,000 25
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when intercrops are raised in coconut gardens
the main crop and the subsidiary crop should
be grown following the recommended
management practices (including manures and
fertilizers) as for sole crops to ensure
satisfactory yields and profitability . However,
Nayar and Sadanandan (1992) reported that
N application for cassava intercropped in
coconut garden can be reduced to half (50
kg/ha) of the sole crop dosage (100 kg/ha).
Pushpakumari and Sasidhar (1992) also found
that for lesser yam and elephant foot yam
raised as intercrop in coconut the NPK dosage
can be reduced to 75% and 50% respectively
of the sole crop recommendation. Suja (2001)
reported that depending upon availability,
FYM ( 10 t ha-1),  coir pith compost (5 t ha-1) or
green manure can be used as organic manure
with almost equal effects for white yam
intercropped in coconut garden. Apart from
this, application of NPK at 80: 60: 80 kg ha-1 is
necessary to maintain high yields of good
quality tubers especially when white yam is
continuously intercropped in coconut
gardens. For an intercrop of elephant foot yam
in coconut garden half the quantity of FYM
(12.5 t ha-1) and one third of the NPK dosage
(26:20:33) will be sufficient when green
manuring in situ with cowpea is practiced
(Ravindran and Kabeerathumma, 1991). The
recommendations on management practices
and manurial schedule for intercropping root
and tubers in coconut gardens are summarized
and provided in Table 3.

Performance of root and tubers in association
with arecanut palms.  The productivity of root
and tuber crops viz. cassava, elephant foot
yam, greater yam, sweetpotato, taro and
arrowroot in association with arecanut palms
was evaluated in a number of field experiments
(Muralidharan and Nayar, 1979; Sannamarappa
and Muralidharan, 1982). The data on fresh
tuber/root yield and biomass production in
comparison to sole crop biomass production
are summarized in Table 4. Higher fresh tuber
yield was obtained from elephant foot yam as
intercrop in arecanut gardens. However,
higher biomass production was recorded in
arrowroot indicating its ability to perform well
under partially shaded conditions.

Performance of root and tubers in association
with other tree species.  The productivity of
root and tubers in association with other tree
species viz. coffee, rubber, eucalyptus and
Leucaena was also investigated. Nayar (1976)
identified elephant foot yam as a profitable
intercrop in robusta coffee producing an yield
of 18 t ha-1. Ghosh et al. (1987) evaluated the
productivity of cassava in association with
tree species like eucalyptus and Leucaena and
found that cassava yield was reduced to 80%
under eucalyptus and to 70% under Leucaena
when compared to sole crop yield by third
year. They attributed this loss in productivity
mainly to competetion from the tree species
for nutrients and moisture in addition to shade
effect. The performance of elephant foot yam,

Table 2:   Impact of coconut shade on per plant productivity of root/tuber crops.

Crop                            Intercrop yieldkg plant-1           Sole crop yieldkg plant-1                     Change in productivity

Cassava 1.55 2.33 -33%
Elephant foot yam 1.87 2.10 -11%
Greater yam 2.13 2.66 -20%
Lesser yam 0.83 1.00 -17%
White yam 2.00 2.83 -29%
Tannia 0.75 1.00 -25%
Taro 0.29 0.33 -12%
Sweet potato 0.08 0.15 -47%
Chinese potato 0.13 0.17 -24%
Arrowroot 0.14 0.13 +7%
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greater yam, white yam and tannia
intercropped in rubber plantation as
influenced by three levels of manuring was
evaluated (Nayar and Suja, 2000). Among the
tuber crops higher productivity was recorded
for elephant foot yam followed by greater yam
(Figure 1).

Productivity of tuber crops in association with
banana.  Raising tuber crops in the interspaces
of banana is a common practice in small
holdings and homestead gardens. This
practice augments net income from unit area
per unit time. To evaluate the production
potential of tuber crops viz. elephant foot
yam, tannia, greater yam, lesser yam and white
yam, in association with banana a series of
field experiments were conducted (Nayar and
Suja, 1996; Nayar and Suja, 1998; Nayar and
Suja, 2002). The results on tuber productivity
are given in Figure 2. As inter crops elephant

foot yam, greater yam and white yam
performed well. The performance of lesser yam
was poor. Though there was no yield
reduction in tannia under intercropping, its
productivity both as sole crop and inter crop
was poor due to some disease of uncertain
etiology (Nayar and Nair, 1992).

Management practices for root and tubers
intercropped in banana. Studies conducted
at CTCRI (Nayar and Suja, 1996) indicated that
in between two rows of Nendran banana
spaced at 3.6 m x 1.8 m, three rows of the
tuberous intercrops namely greater yam or
elephant foot yam could be planted at a
spacing of 90 x 90 cm to accommodate 8000
plants ha-1. It was also found that in such a
system the farmyard manure, N and P dose
can be reduced to 50%. Further investigations
carried out by Nayar et al. (2000) revealed
that in Robusta banana+ Dioscorea

Table 3:   Management practices for root and tubers intercropped in coconut garden.

Intercrop              Suitable variety     Method of planting              Manures                      Time of        Duration
        and spacing                                                         planting        (months)

FYM t ha-1 NPKkg ha-1

Cassava Sree Visakham Mounds 90x90 cm 9 50:50:100 May-June 8-10
H-165

Elephant foot yam Sree Padma Pits 1m x 1m 20 26:20:33 April-May 8
Gajendra

Greater yam Sree Keerthi Pits 90x90cm 8 80:60:80 April-May 8
Lesser yam Sree Latha Pits 75x75cm 8 60:30:60 April-May 7
White yam Sree Priya Pits 90x90cm 8 80:60:80 April-May 8
Arrowroot Local selection Raised beds 30x15cm 10 50:25:75 May-June 8

Table 4:  Fresh tuber yield and biomass production of root and tubers in association with arecanut palms.

Crop              Fresh root/tuber yield (t ha-1)           Biomass kg ha-1           % of sole crop

             As intercrop              As sole crop

Cassava 10.20 - - -
Elephant foot yam 12.00 5046 13750 37
Greater yam 6.70 4078 12241 33
Sweet potato 0.70 1819 9904 18
Arrowroot 4.00 6580 9852 66
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intercropping system about 6000 plants of
Dioscorea can be accommodated in a hectare
at a spacing of 90 x 90 cm without sacrificing
the banana plant population of 2300 plants
ha-1 (2.4 x 1.8 m). Banana should be fertilized
at the full recommended dose and for

Dioscorea 2/3 recommended level would be
sufficient.

Socio economic impact. Socio economic
analysis of intercropping root and tubers in
plantation crops is illustrated in Figure 3. The
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tuberous intercrops namely cassava, elephant
foot yam, yams and arrowroot provide
additional yield, income and employment
opportunities thereby enabling sustainable
livelihoods in the rural households. Besides
these crops also provide high energy
secondary staple to the farm family and feed
to the livestock.

Future research needs

The results of research on intercropping root
and tubers in perennial plantation crops have
brought out very useful information
especially in association with coconut palm.
Technology for production of root and tubers
with other perennials appears to be
insufficient. More comprehensive research
efforts are imperative and the following
aspects require greater attention.

(1) In view of the development of large
number of high yielding varieties and
hybrids in root and tubers screening
them for shade tolerance/compatibility
with plantation crops is needed

(2) Standardizing the cultural and soil
fertility   management practices for the
system  considering the nutrient input
and exhaust ratios

(3) Investigations on the rooting pattern,
allelopathy and synergestic effects

(4) Assessing the soil and nutrient loss if
any especially in sloppy areas

(5) Socio-economic evaluation of the
system
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