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An agroforestry experiment was conducted with three and a half year old Jatropha curcas
plantation at Mettupalayam, Tamil Nadu to find out the optimum spacing of J. curcas for
intercropping. The growth characteristics of Jatropha curcas were significantly influenced
by different spacings of J. curcas and intercrops. J. curcas recorded highest plant height
(310 cm), number of branches (14.66) and crown diameter (342.8 cm) at wider spacing of
4 m x 3 m. Different intercrops also significantly influenced the growth characters of
J. curcas. J. curcas at 4 m x 3 m spacing with cowpea recorded the highest plant height
(332 cm) and crown diameter (268 cm). The number of branches of J. curcas was also
found to be highest at 4 m x 3 m spacing with cowpea (15.7). There was a significant
difference in availability of light under different spacings of J. curcas. Maximum light was
intercepted at wider spacing of J. curcas (4 m x 3 m), which was 732 x 100 Lux in the
morning and 883 x 100 Lux in the afternoon. The study concluded that planting of J.
curcas at 4 m x 3 m spacing is beneficial for the growth and development of J. curcasas
well as intercrops and legume based intercrops help to increase the growth of J. curcas in
agroforestry system.

Introduction

In recent years, biofuels derived from plant
species has been gaining interest due to their
potential to improve the energy security. It
helps to mitigate climate change by reducing
GHG emissions. India started bio-diesel
blending from 2015 and National Policy on
Biofuels-2018 has the objective of reaching
20% ethanol-blending and 5% biodiesel-
blending by the year 2030 (MPNG, 2018).
Among the many oil seed bearing plant
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species, which yield oil as a source of energy
in the form of bio-diesel, Jatropha curcas L.
has been identified as a suitable species due to
its various favourable attributes like
adaptability in a wide range of agro-climatic
conditions, short gestation period, hardy
nature, high oil recovery and quality of oil
etc. J. curcas is a plant native to Latin
America belongs to Euphorbiaceae family and
can grow upto 3-4 m high on marginal soils.
Seeds of J. curcas contain about 35 per cent
of non-edible oil (Henning, 2003). It can be
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grown as agroforestry tree, planted on
degraded lands, farm boundaries, both sides
of railway track, road sides, and fallow lands.

To overcome the problem of food and
environmental security the potential of
agroforestry need to be fully exploited.
Integration of tree species in agricultural
production system impart stability besides
risk reduction, since even if one component of
the system fails, other species would give
harvest leading to improved and stable
incomes to the farmers. Grain legums like
green gram, black gram, cowpea, etc., have
been grown commonly as inter crops or in
cropping rotation in the tropics since ancient
times. Legumes are an important and integral
component of sustainable agriculture in
tropics due to their biological nitrogen
fixation ability (Krishna, 2011).

An agroforestry system is viable only if both
the tree and intercrop components are
complementary with each other. Selection of
suitable tree and crop combination and
development of suitable = management
practices like pruning, thinning and lopping
are important aspects of agroforestry research
(Singh, 2009). To obtain higher production
under agroforestry systems, there is need to
maintain optimum spacing of trees. Hence
this study was carried out to determine the
appropriate agroforestry spacing for J. curcas
in order to maximize the tree growth and
intercrop yield in J.curcas intercropping
system. Effect of different spacings, different
intercrops and their interaction on growth and
development of J.curcas was studied to
explore the prospects of successfully growing
intercrops with J. curcas.

Materials and Methods
Different intercrops were grown with three

and a half year old J. curcas plantation at
different spacings. During cropping season
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380.4 mm of rainfall was received and it was
distributed over 27 rainy days. The
experimental area contains red sandy loam,
non-calcareous soil which is low in available
phosphorus, available nitrogen and organic
carbon and medium in available potassium.
Different agricultural crops crops viz.,
cowpea, greengram, blackgram, groundnut,
gingelly and sunflower were raised as
intercrop in between J. curcas. Split plot
design was applied to the experiment where
different spacing of J. curcas occupied the
main plots and different intercrops formed the
subplot. All the intercrops were also raised as
sole crop for comparison under open
condition.

Plant height of J. curcas was measured from
the base to the tip of the tree using metre
scale. Pruning practices was not carried out
for J. curcas plantation. So the number of
main branches emerging immediately after
collar and short clear bole were counted and
recorded. The crown diameter was measured
with tape in two directions; from these two
readings the mean crown diameter was
obtained. Light intensity under the tree and
between the interspace of J. curcas was
recorded on peak pod formation stage of
intercrops using a Lux meter and expressed in
Lux units. Light intensity was recorded at
morning 10.00 am and afternoon at 3.00 pm.
Light intensity reading was recorded in open
also for comparison.

Results and Discussion

Biometric observations like plant height,
crown diameter and number of branches of
J. curcas were recorded before sowing of
intercrops and after the harvest of intercrops.
Different levels of spacing of J. curcas
significantly influenced the plant height of
J. curcas. The maximum plant height was
recorded at 4 m x 3 m both before (261.5 cm)
and after intercropping (310 cm). There was a
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significant effect of intercrops on the plant
height of J. curcas. Among the intercrop
treatments the highest plant height (315 cm)
was observed with cowpea followed by
blackgram (302 cm). The least plant height
(270 cm) was recorded with gingelly. The
interaction effects of spacing and intercrop
was not significant for plant height. However
J. curcas at 4 m x 3 m spacing with cowpea
recorded the highest plant height (332 cm)
(Table 1).

The results are in agreement with those
reported by Eliakimu et al., (2015) who
observed a significant increase in total height
of Tectona grandis with increase in planting
spacing at age of 9 years. More space
available at both above and below ground
level under wider spacing decreased the
competition for the resources like water, light
and nutrient among J. curcas. In Poplar and
wheat based agroforestry system, Chauhan
and Dhiman (2007) reported significantly
higher height, dbh, crown length and crown
width of the Poplar trees at 8 m x 3 m wider
spacing compared with closer spacing. More
plant height was observed in J. curcas grown
with cowpea, greengram and blackgram. This
might be due to the legume effect of these
crops. It was reported that survival rate was 5
per cent more and the tree height was 33 per
cent higher when Casuarina cunninghamiana
was combined with pulse intercrop (FAO,
1981).

The crops also help to maintain levels of
nitrogen and soil organic carbon in soil
through addition of residues in the soil. Pal et
al., (2000) also stated that leguminous
intercrops like blackgram and cowpea
favoured the growth of Eucalyptus. J. curcas
grown with non-leguminous intercrops like
gingelly and sunflower showed least height
which  might be due to their more
competitiveness for nutrients, water and light.
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Different spacing treatment affected the
crown diameter significantly. The maximum
crown diameter of 212.3 cm and 242.8 cm
was observed at 4m x 3m respectively before
and after intercropping. Significant effect of
intercrops on the crown diameter of J. curcas
was observed after intercropping. Among the
intercrops the highest crown diameter (239.2
cm) was observed with cowpea and the least
crown diameter (200.3 cm) was observed with
sunflower. There were no significant
interaction effects between spacing and
intercrop for crown diameter (Table 2).
Bhuvnesh et al., (2015) also observed
maximum crown width in Eucalyptus
Camaldulensis at wider spacing of 3x3 m.
More space between plants might have helped
the lateral expansion of crown as compared to
densely packed trees in narrow spacing.
Wider spacing provided enough space for
above ground and below ground expansion.
Smaller diameters, narrow and smaller
crowns were observed with closely spaced
trees (Berry, 1970; Stiell, 1966). Britt and
Reynolds (2011) also reported in Loblolly
pine that the lower crown spread in closer
spacing might be due to less availability of
light as a result of more competition from
neighboring trees. Intercrops may also
influence the crown diameter of the main
crop. Sheikh (1983) noted large crown, bigger
bole and larger root system in Poplar grown
in combination with legume intercrops. Better
growth of Eucalyptus was observed when
grown with blackgram than grown alone (Pal
et al., 2000). Similar findings were reported
by Gill (2005) in Acacia nilotica when
planted with pulse intercrops than when
grown alone. Vijaykumar et al., (1973)
revealed that yield of the base crop was
drastically reduced when sunflower was
raised as an intercrop due to the competitive
nature of sunflower for light.

A significant difference was observed for
number of branches also. Maximum number
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of branches before intercropping was 13.30
and after intercropping was14.66 at 4 m x 3
m. Different intercrops also significantly
influenced number of branches of J. curcas.
Among the intercrop treatments the highest
number of branches (12.8) was observed with
cowpea. The interaction effects of spacing
and intercrop was not significant for number
of branches. The lowest number of branches
in J. curcas was observed at 3 m x 3 m
spacing with gingelly (7.8) and highest with
cowpea (15.7) at 4 m x 3 m spacing (Table 3).

Availability of more space between trees
enabled the branches to grow laterally rather
than wvertically to harness the sunlight
efficiently. Khimani et al., (2004) reported
that at wider spacing, J. curcas might grow
taller with more branches. Similar findings
were reported in African winter horn
(Faidherbia albida) tree by Korwar and
Pratibha (1999). Various intercrops also
favoured significant changes in the number of
branches of J. curcas. Among different
intercrops grown, legumes viz., blackgram,
cowpea, greengram and groundnut favoured
more number of branches. The reason might
be less competition of these intercrops for
resources like moisture, light and nutrients
apart from nitrogen fixation. Redhead et al.,
(1983) also observed more leafy branches in
Leucaena when intercropped with field bean
than with maize.

Light intensity under the tree and between
trees was recorded at morning 10.00 am and
afternoon at 3.00 pm. Different spacing of
J. curcas significantly influenced the light
availability for intercrops both under the tree
and between trees during morning. The light
availability in open was found to be 950 x 100
Lux. The highest available light under the tree
was found in 4 m x 3 m (92.9 x 100 Lux)
spacing followed by 4 m x 2 m (85.6 x 100
Lux). Between trees also highest light was
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available at 4 m x 3 m (732 x 100 Lux)
spacing. The lowest available light was
recorded at 3 m x 3 m spacing (Fig. 1).
During afternoon the light availability in open
was 1224 x 100 Lux. There was a significant
difference in availability of light in different
spacing of J. curcas during afternoon. Highest
available light of 172.1 x 100 Lux and 883 x
100 Lux was found in 4 m x 3 m respectively
under the trees and between trees (Fig. 2).

Shading of the crop by the tree may be
favourable, neutral or adverse to the growth
of the crop (Chundawat and Gautam, 1993).
In J. curcas based agroforestry system
available light in between the trees and under
the tree were low compared to open due to
interception of light by the tree canopy.
Among spacing, wider spacing (both under
the tree and between the trees) allowed more
light to the intercrops than narrow spacing
probably due to less crowding of leaves in
wider spaced J. curcas. Maghembe and
Redhead (1982) reported that in agroforestry
systems, compared to nutrients or moisture
competition for light has a more profound
influence. It is noticeable from the readings of
Lux meter taken at different spacing. Higher
light intensity (883 x 100 Lux) available at 4
m x 3 m favoured the growth performance of
intercrops.

With a little reduced light availability than in
open condition, leguminous intercrops viz.,
groundnut,  cowpea, blackgram  and
greengram performed better. However the
yields of these crops were lower under the
tree canopy compared to open condition
probably due to reduced light interception.
Among different spacing, intercrops under
wider spacing (4 m x 3 m) produced more
yield because intercrops intercepted more
sunlight under wider spacing which resulted
in increased photosynthesis and accumulation
of dry matter.
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Table.1 Effect of different spacing and intercrops on the height of J. curcas after
intercropping (cm)

Table.2 Effect of different spacing and intercrops on the crown diameter (cm) of
J. curcas after intercropping

Intercrops Spacing (m)

Blackgram

\
e
\
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Table.3 Effect of different spacing and intercrops on the number of branches of
J. curcas after intercropping

Intercrops Spacing (m)

Blackgram 8.9 12.3 154 12.2

Cowpea 9.7 13.0 15.7 12.8
(Groundnut 86 112 41 13
Gingelly 7.8 11.3 14.2 11.1
Sunflower 84 110 139 11
Mean 8.73 11.65 14.66
Source

Intercrop (1)

Satl

Fig.1 Effect of J. curcas on the availability of sunlight (x 100 Lux) for intercrops
(during morning)
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Fig.2 Effect of J. curcas on the availability of sunlight (x 100 Lux) for intercrops
(during after noon)
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Due to poor light interception, the reduction in
height of cotton, sesame and sorghum was
reported under Casuarina (Vinaya Rai et al.,
1990). In another study progressive decrease in
height, number of branches and pods, seeds per
plant and per hectare grain yield in pigeon pea
was observed with gradual increase in the shade
of rubber trees (Brahmam et al., 1997)

The study suggests that 4m x 3m is the
optimum spacing for Jatropha curcas for
intercropping. It boosts higher growth of
J.curcas and can enhance productivity of
associated agricultural crops by providing
optimum light, less competition for moisture
and nutrients, and improving soil nutrients. By
integrating J. curcas at wider spacing farmers
can obtain higher fruit production due to higher
growth of J. curcas and improve agricultural
production.
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