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A cropping system with altered spatial arrangement of planting that permits extended intercropping, reduced 
gestation period and enhanced yield of rubber was developed for smallholdings. Rubber was planted in paired 
rows of 9.0 m apart, at a spacing of 5.1 m between the rows within the paired row and 3.4 m between two plants 
within a row. The total number of rubber plants per hectare was 406 in the cropping system whereas it was 445 
in the control. Di v e i^  annual, short-term and perennial crops (banana, pineapple, Amorphophallus, Dioscorea, 
Colocasia and arrow root, coffee and pepper) were planted sequentially in the wider inter-row spaces, selecting 
the intercrops judiciously based on the light availability and shade tolerance. Legume cover crop, Pueraria 
phaseoloides, was established in the narrow inter-row spaces of rubber in the intercropped area and interspaces 
of rubber in the control plot. Intercrops were cultivated during the entire gestahon period of rubber. Fodder 
grass (guinea grass) and teak were planted along the boundaries. In the cropping system, the soil nutrient status 
was maintained and soil moisture status was significantly higher during January. Altered spatial arrangement of 
planting and extended intercropping reduced the gestation period of rubber and enhanced yield by 25.6 per 
cent during the initial years of tapping compared to control plants under normal system of planting without 
intercropping.
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I N T R O D U C T I O N  In  India, sm allholdings (less than 0.50
„  , ,  ^ , , ... . , , . , ha.) accounting for m ore than 90 per cent of
R ubber tree b m s te s ^ s )  w hich d o m in a te  th e  ru b b e r

yields one o f the nature's m ost versatile raw  plantation industry. In  India rubber has a
m ateria ls  p lay s an im p ortan t ro le  in  th e gestation period of about seven years
econom y o f India and other countries w here ij^^ome from  the plantation. High
it is cultivated. R ubber plantation industry developm ent cost and absence o f  any incom e
has great socio-econom ic relevance m  India plantation in the initial years are
w ith  m ore than one m illion sm all grow ers m ajor problem s faced by sm all growers, 
cu ltiv a tin g  ru b b er an d  p ro v id in g  ab o u t Under the norm al planting system  of rubber,
3,50,000 jo b  opportunities in the plantation intercrops can be cultivated during the initial
sector and alm ost an equal num ber in  the three years only and in later years, sunlight
industrial sector (Krishnakum ar, 2003). is a lim iting  factor. A ltering  the planting
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geom etry in a cropping system  is a better 
m a n a g e m e n t te ch n iq u e  p e rm ittin g  
intercropping in m ore area for a longer period 
which can easily be adopted by even the most 
resource poor farmers. The present study was 
taken  up to  find  out w hether by altering 
spatial arrangem ent of planting of rubber, 
in te rc ro p p in g  p e rio d  can  b e  e n h a n ced  
w ithout adversely affecting the growth and 
yield of the m ain crop. Various aspects with 
regard to intercropping of annual and short­
te rm  cro p s  fro m  th is  e x p e rim e n t w ere 
published earlier (Jessy et al., 1998; 2005 ;

Vim alakum ari et a l ,  2001). In  this article, the 
focus is on the cum ulative effect o f altered 
spatial arrangement of planting and extended 
intercropping on the sustainability  of the 
system , in  term s of continu ed  g row th  of 
ru b b e r  a f te r  in te rc ro p p in g , y ie ld , so il 
m oisture and nutrient status.

M A T E R IA L S  A N D  M E T H O D S

The experim ent w as started in  1993 at 
th e  C e n tr a l E x p e r im e n t S ta tio n  o f  th e 
R u b b e r  R e s e a r c h  In s t itu te  o f  In d ia  a t
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Fig. 1. Spatial arrangement of rubber and intercrops



C hethackal (9° 22' N , 76"̂  50'E , an altitude of 
50 m  above M SL). The details regarding the 
experim ent area are described by  Jessy  et 
al. (1998; 2005). The spatial arrangem ent of 
rubber and intercrops in the experim ental 
field is given in Figure 1. Rubber w as planted 
in  June 1993. Banana {M usa paradisiaca  var. 
N endran) and pineapple {Ananas com osus 
var. M auritius) w ere planted as the short 
d u ra tio n  crop s and  b la ck  p ep p er {P iper  
n ig ru m  var. K a r im u n d a ) an d  co c o a  
{Theobrom a cacao) w ere planted as intercrops 
along w ith  rubber. Erythrina  w as planted as 
th e  sta n d a rd  for p e p p er. T eak  {T ecton a  
grandis) and fodder grass {Guinea grass  var. 
H am il) w ere planted along the boundaries 
w here there w as no ad jacent plantation.

After cultivating banana for tw o years, 
tuber crops {Am orphophallus, D ioscorea  and

Table 1. Year of planting and population of rubber

Crop Year of planting Density per ha
Rubber 1993 406

Banana 1993 250
1994 250

Pineapple 1993 5000

Amorphophallus 1996 360

1997 360
1998 400

Dioscorea 1996 720
1997 720

Colocasia 1996 360
1997 360

Arrowroot 1998 510
Pepper 1993 110
Coffee 1996 110

2000 500
Fodder grass 1993 120
Teak 1993 20

Colocasia) w ere planted in the space earlier 
occupied by banana. Since the establishm ent 
o f co c o a  w as p o o r  u n d e r  th e  ra in fe d  
situ ation , it  w as rep laced  by  coffee (var, 
C auvery) during 1996. A fter the rem oval of 
p in eap p le  and  an n u al in tercro p s, coffee 
(var. R o b u st) w as p la n ted  in  th e  sp ace  
earlier occupied by these crops during the 
seventh year at a spacing of 3.4 m  betw een 
plants. Since perform ance of pepper w as 
very poor, they w ere also replaced by coffee. 
The legum e cover crop, Pueraria phaseoloides, 
w as estab lish ed  in  the narrow  in ter-row  
sp a ce s  o f ru b b er. Y ear o f p la n tin g  and  
popu lation/area a llo tted  for ru b b er and 
intercrops per hectare are show n in Table 
1. A d jo in in g  th is in tercrop p ed  area, 100 
ru b b e r  p la n ts  o f  th e  sam e c lo n e  w ere  
planted  in  1993 as control at a spacing of 
6.7 X 3.4 m  and cover crop, P. phaseoloides, 
w as established in the interspaces.

T h e g eneral cu ltu ral o p eration s and 
fertilizer application for rubber w ere done 
as per the recom m endations o f the Rubber 
Research Institute of India. For the other crops, 
\he package of practices recommendations of 
the K erala A gricultural U niversity (K A U , 
1989) were followed. A ll the intercrops were 
m a n u red  se p a ra te ly  u sin g  u re a , rock  
p h o sp h a te  an d  m u ria te  of p o ta sh . N o 
fertilizer w as applied to teak and guinea grass.

A fter the harvest, crop residues of all 
crops w ere retained in the field. Erythrina 
p lants w ere pruned annually and loppings 
w ere applied as m ulch in  the p lant basins. 
Soil sam pling (0-30 cm ) w as done before the 
com m encem ent of the experim ent and at 
periodic intervals. Eight soil sam ples w ere 
co lle cted  fro m  each  s itu a tio n  and  w ere 
an aly sed  for pH  (1 :2 .5  so il w ater ratio ), 
o rg a n ic  ca rb o n  (W a lk e ly  an d  B la c k 's  
m eth o d  as d escrib e d  b y  Ja ck so n , 1973) 
a v a ila b le  p h o sp h o ru s (B ray  and  K u rtz , 
1945), available potassium  (M organ, 1941)



and  av ailab le  m ag n esiu m  (V ogel, 1969). 
T h e  d a ta  w ere  su b je c ted  to  a n a ly s is  of 
variance. G irth of rubber w as recorded at 
125 cm  from  the bud union and that of teak 
a t 1 0  cm  from  the base.

L ig h t in tercep tio n  by  ru b b er in  the 
cro p p in g  sy stem  and  m o n o cu ltu re  w as 
measured by PAR Ceptometer (Decagon) and 
th e  lig h t a v a ila b ility  w as e x p re sse d  as 
percentage of the open area. Soil moisture was 
recorded  grav im etrica lly  during Jan u ary  
2004 and 2005 and expressed as percentage.

The exploitation  of the trees for latex 
w as com m enced during 2000. The tapping 
system  follow ed w as S/2d3. Volum e of latex 
and dry rubber content of 56 trees each in 
c ro p p in g  sy stem  and  m o n o cu ltu re  w as 
m easured at m onthly intervals and yield was 
expressed as g za m s p e r  tree per tap (g t ’t^). 
G row th and yield of trees in the cropping 
system  and m onoculture w ere com pared by 
paired t test.

R E S U L T S  A N D  D I S C U S S I O N  

G ro w th  o f  p la n ts

G ro w th  o f ru b b er in  th e  cro p p in g  
system w as significantly higher than that in 
the monoculture throughout the period of the 
experim ent (Fig. 2). The trees in the cro p p in g  
system attained tappable girth six years after 
p la n tin g  (5 0 .6 6  cm ), w h ere a s  in  the 
m onoculture w here rubber w as planted at 
norm al spacing w ithout intercropping, girth 
attained was 45.12 cm  during this period.

B e tte r  g ro w th  o f p la n ts  u n d e r  
intercropping w as reported for ru bber by 
e a r lie r  w o rk e rs  (C h a n d ra se k h a ra , 1984; 
R odrigo et al., 1997). The biological activity 
in  the rhizosphere of H evea  w as higher in 
the cropping system  w here diverse crops 
w ere cultivated (V im alakum ari et al., 2001) 
and this also m ight have contributed to the 
h ig h er  g row th  o f p la n ts  in  th is system .

Fig. 2. Influence of intercropping and altered spatial 
arrangement of planting on growth of rubber 
trees

A ccord ing to  the authors, total m icrobial 
population and population of phosphorus 
so lu b ilis in g  b a c ter ia  w ere h ig h er in  the 
rh iz o sp h e re  o f ru b b e r  in  th e  c ro p p in g  
system . T h e VAM  co lo n iza tio n  w as also  
higher in the roots o f rubber in the presence 
of intercrops.

The cu ltivation of annual crops needs 
tillage operations to varying degrees. Tilling 
the soil im p rov es so il aeration  and root 
penetration , w hich  m igh t have benefited  
rubber. H owever, th is aspect needs further 
investigation .

In the m onoculture where rubber w as 
p lan ted  a t n o rm al sp acin g , can o p y  w as 
closed  by  fifth  y ea r resu ltin g  in  m u tu al 
sh ad in g . In  th e crop p in g  sy stem  w h ere 
rubber was planted at an altered geometry, 
a w ide sp acin g  o f (9 .0  m ) w as provided  
betw een tw o row s, w hich w ere separated 
by 5.10 m. The canopy closure took a longer 
p e rio d  in  th is  sp a tia l a rra n g e m e n t of 
planhng (Jessy et al., 2005). The interception 
o f  su n lig h t w as m o re w ith  th is  a ltered  
g e o m e try  an d  th is  m ig h t a lso  h a v e  
co n trib u ted  to  th e b e tte r  g row th  o f the 
plants. In Sri Lanka, Pathiratna and Perera



Table 2. Influence of intercropping and altered spatial arrangement of planting on yield of rubber trees
Situation Yield (g t’ f ‘) Mean yield

2001-02 2002-03 2003-04 2004-05 Mean
(2001-05)

(kg ha'’)

Cropping system 34.61 75.25* 103.15* 81.88* 73.72* 2843

Monoculture 36.19 59.84 58.03 62.58 54.16 2264

{* t test significant at P<0.01)

(2006) reported that w ider inter row spacing 
has the advantage of providing m ore light 
and reduced com petition from  rubber for a 
longer period  than conventional planting 
system s.

T h e  c o m p a ra tiv e ly  lo n g  g e s ta t io n  
period of rubber and the high developm ent 
cost needed during the early years of the 
p lantation are the constraints faced by the 
sm allholders. Altered spatial arrangem ent 
o f p lan tin g  and ex ten d ed  in tercro p p in g  
enhanced  g row th  and redu ced  gestation  
period. This is highly advantageous to the 
fa rm e rs  s in c e  in  th e  c u rre n t c ro p p in g  
system , incom e w as generated throughout 
th e  g e s ta t io n  p e r io d  o f  ru b b e r  fro m  
intercropping w ith sim ultaneous reduction 
o f g e s ta tio n  p e rio d , w ith o u t an y  o th e r 
m anagem ent practice/additional inp u t to 
enhance the grow th of plants.

P erfo rm an ce  o f  in te rcro p s

Perform ance of annual intercrops was 
re p o rte d  e a r lie r  ( Je s s y  e t  a l . ,  2 0 0 5 ).

Perform ance of perennial intercrops in the 
cropping system  w as com paratively poor. 
C offee established w ell, but yield w as poor 
and it varied from  10 to 25 per cent of that 
in m onoculture. G ood vegetative grow th 
and low  fruit set w as observed for pepper 
also in the initial years, how ever, the plants 
did not survive due to intense shade after 
the seventh year. Teak plants had a m ean 
girth of 65.8 cm  at the end of 12 years.

S o il  n u trien t sta tu s

S o il n u tr ie n t  s ta tu s  12 y e a rs  a fte r  
com m en cin g  th e ex p erim en t show ed an 
im provem ent in the organic carbon content 
of the soil, but no  significant d ifference was 
o b se rv e d  b e tw e e n  d if fe re n t  s itu a tio n s  
(Table 3). The farm  yard m anure added to 
the intercrops, recycling  of crop residues 
a fte r  h a rv e s t, m u lch in g  w ith  E ry th rin a  
lopp ings and litter ad dition  from  rubber 
and coffee m ight have contributed to this 
increase. Soil sam ples collected 2 Vz and 6  

y e a rs  a f te r  p la n tin g  a lso  in d ic a te d  an

Tables.
Situation Org C (%) Av.P Av.K 

mg/100 g soil
Av.Mg pH

Pre-treatment 2.12 0.30 8.82 1,78 5.20
Between rubber 2.63 1.97 10.50 2.08 4.50

Near coffee 2.81 3.86 11.89 1.97 4.63
Monoculture 2,51 1.14 11.39 1.65 4.04
SE 0.09 0.37 0.88 0.16 0.30
CD (P=0.01) NS 1.09 NS NS NS



Table 4. Influence of intercropping on leaf nutrient status (%) ofl2- year-old rubber trees
Situation N P K Ca M s

Rubber near to pineapple 4.14 0.24 1.02 0.76 0.26

Rubber near to annual crops 3.85 0.21 1.08 0.67 0.25

Monoculture 4.11 0.21 1.10 0.71 0.27

SE 0.11 0.008 0.05 0.05 0.007

CD (P=0.05) NS NS NS NS NS

increase in organic carbon status (Jessy et 
al., 1998; 2005). M aintaining or im proving 
soil organic carbon content is necessary for 
the sustainability  of any cropping system  
and the data indicated the beneficial effect of 
crop diversification on soil sustainability.

Soil available P status w as low  before 
the com m encem ent of the experim ent, but 
in creased  a fter  cu ltiv a tio n  o f in tercro p s 
( J e s s y  e t  al., 2005)  and h ig h er status was 
m aintained after 12 years also. Available P 
status w as highest near coffee, and it m ight 
be  due to the higher dose of P applied to 
coffee and localised application. The data 
suggest a possibility o f reducing the dose of 
p h o s p h a t ic  fe r t i l iz e r s  to  ru b b e r  an d  
co m p o n e n t cro p s  u n d e r in te rc ro p p in g  
s i tu a t io n s . T h e re  w a s  n o  s ig n if ic a n t  
d ifference in soil available K, M g and pH 
betw een the treatm ents.

L e a f  n u trien t sta tu s

Leaf nutrient status of rubber w as not 
influenced by intercropping (Table 4). Leaf 
N sta tu s w as m a in ta in e d  in  th e  h ig h er  
range and P and K status in the m edium  
ran g e. C om p etitio n  for K  w as observ ed  
betw een  ru bber and b an an a as ind icated  
by  the low er K  status of rubber trees during 
the early phase (Jessy et a l ,  2005) but after 
1 2  years, intensive intercropping during the 
gestation period and grow ing of coffee did 
not influence leaf nutrient status.

S o il  m o istu re  s ta tu s

Soil m oisture recorded during January 
w as higher near coffee in both surface and 
subsurface soil layer (Table 5). R ubber trees 
shed their leaves during D ecem ber- January 
and sunlight falls d irectly  on the ground 
d u r in g  th is  p e r io d . T h is  in c re a s e s  
e v a p o ra tio n  fro m  th e  so il s u r fa c e  and 
reduces soil m oisture content in the surface 
soil layer. C anopy o f coffee prevents the 
d irect in cid en ce of so lar rad iation  to the 
ground leading to less evaporative loss of 
m oisture and hence h ig h er soil m oisture 
content near coffee area.

Table 5. Influence of intercropping on soil moisture 
status

Situation Soil moisture status (%)
2004 2005
0-30 0-30 30-60
(cm) (cm) (cm)

Cropping system 22.37 14.34 16.28

Monoculture 19.18 13.90 15.91

■ t-test significant at P<0.01

A v a ila b il i ty  o f  p h o to sy n th e t ic a lly  ac tiv e  
rad ia tio n  (PAR)

As age of the trees advanced, availability 
of photosynthetically active radiation in the 
centre o f the w ide inter row  area steadily 
decreased (Jessy et a l ,  2005) and it w as 3.5 
per cent during 2004 and then increased to



18 per cent during 2005. In the m onoculture 
w here trees w ere planted at the standard 
spacing, PAR availability was four per cent 
during 2004 and 14 per cent during 2005.

Y ie ld  o f  ru b b e r

Yield during the initial years of tapping 
w as sig n ifican tly  h ig h er in  the crop ping 
system  com pared to m onoculture {Table 2). 
Better grow th o f the trees in the cropping 
system , h igher soil m oisture status during 
the sum m er season, better aeration o f the 
soil due to tillage operations, facilitation  
effect of intercropping during the im m ature 
phase etc. m ight have contributed  to this 
h ig h er y ie ld . T h e p lan tin g  arran g em en t 
w ith w ider spacing betw een paired  row s 
resulted in the interception of m ore solar 
radiation by the canopy, w hich also m ight 
have contributed to the higher yield.

In  ru bber p lan tation s, tap p in g  w ages 
are u su ally  calcu lated  on a p e r-tree  basis. 
C o n sid erin g  the n u m b er o f trees  in  the 
crop p in g  sy stem  b ein g  lo w er (406 trees 
ha \) com p ared  to  m on ocu ltu re (440 trees 
ha ’ .), th e  h ig h e r  y ie ld  re co rd ed  in  th e 
crop p in g  sy stem  is o f g rea ter eco n om ic 
ad v an tag e.

Thus, the cropping system  developed 
redu ced  g esta tio n  period  and  en h an ced  
y ie ld  o f  ru b b e r  s ig n if ic a n tly . It  a lso  
g e n e r a te d  in c o m e  fro m  in te r c r o p s  
throughout the unproductive period of the 
plantation cycle apart from  im proving soil 
m oisture status during dry season.
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