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INTRODUCTION

Rubber i s  an im portant in d u s t r i a l  raw m ate r ia l ,  

in d isp e n sa b le  to  modern man in  times o f  both war and 

peace. At p resen t  there  are  two sources o f  rubber -  the  

n atu ra l and the syn thetic .

H e v e a  b r a s i l i e n s i s  M u e ll .  A r g . , the para rubber  

t r e e , ,  i s  the major source o f  n a tu ra l rubber. This tree  i s  

a native  o f  Amazon fo r e s t  in South America. I t  was domes­

t ic a te d  in  the la t t e r  h a l f  o f  the 19th century and the 

spec ies  i s  now being grown on commercial b a s is  in 22 coun­

t r i e s  o f  the w orld , most o f  them in  the t ro p ic s .

In e a r ly  days rubber t re e s  in  esta tes  were planted  

w ider  ap a rt  than they a re  a t  p re sen t . In  M alaysia  an 

i n i t i a l  stand o f  270 trees/ha ( i . e .  w ith  a spacing o f 6.1 

m X 6.1 m) was common. But the y ie ld  per hectare was found 

to be le s s  than that from hold ings w ith higher d e n s it ie s ,  

as the y i e ld  o f  rubber  i s  a fun ct ion  o f  the number o f  

t r e e s  under tap p in g , the average  y i e ld  per t re e  and the  

frequency o f  tapping.

I t  i s  evident that  w ider spacings w i l l  g ive  b e tte r  

growth and h igh  y i e ld  per t r e e ,  whereas h igher t o t a l



y ie ld s  can be r e a l i s e d  from c lo s e r  spac in gs . However, 

the re  i s  no unanimity o f  op in ion  reg a rd in g  the optimum 

stand th a t  can be recommended f o r  r e a l i s i n g  the maximum 

y ie ld .  Obviously , th is  v a r ie s  with the c u l t iv a r  a lso .

Apart from th is ,  maximum y ie ld  per hectare may not 

always mean maximum p r o f i t a b i l i t y  when one takes in to  

account the o ther  v a r ia n ts  l i k e  tapp ing  c o s t s ,  p r ic e  o f  

rubber e tc .  A h igher stand always demands higher invest ­

ment fo r  management as w e l l  as e x p lo ita t io n .

With inc reas in g  density , y i e ld  per t re e  decreases,  

but y ie ld  per hectare increases upto an optimum density .  

This optimum d en s ity  v a r ie s  c o n s id e ra b ly  w ith  c lone.  

Competition f o r  su n ligh t ,  s o i l  n u tr ien ts  and moisture i s  

e s s e n t ia l l y  a problem o f  space. The id e a l  spacing i s  one 

which w i l l  g ive  the h ighest income per hectare with o p t i ­

mum y ie ld  r e l a t i v e  to the bark ren ew a l, competitive tap ­

ping costs  and lowest cost  o f  development.

The rubbe r  p la n ta t io n  sc e n a r io  in  In d ia  i s  p re ­

dominated by small ho ld ings, numbering about e igh t  lakhs. 

Another notab le  fea tu re  i s  that  most o f  the p lan ta tions  in  

In d ia  a re  under a s in g le  c lon e , v i z .  RRII 105. Not much 

work has been done on the e f f e c t  o f  p lan t in g  den s it ie s  on 

the v ege ta t iv e  growth as w e ll  as y i e ld  o f  th is  v a r ie ty .



In the case o f  s eed lin g s , because o f  the need fo r  

th inn ing out owing to genetic  v a r i a b i l i t y ,  a h igher i n i ­

t i a l  . stand than that  f o r  b u d g ra ft s  i s  recommended. The 

p lan t in g  den s ity  recommended per hectare  i s  420-4,45 p lants  

fo r  buddings and 445-520 p lan ts  fo r  se ed lin g s .  The common 

spac ings  to  g iv e  such a stand under v a ry in g  con d it ion s  

were worked out by Potty (1980).

M a jo r ity  o f  the rubber growing areas in Ind ia  are  

s i tu a te d  on s lo p in g  h i l l  s id e s  and the spacing  popu lar  

with the sm all ho lders in  such t e r r a in  i s  3 m x 6 m (539 

p la n t s / h a ) » This stand i s  s l i g h t l y  h igher  than what i s  

recommended by the Rubber Board. Of l a t e ,  the Board has 

been su gge s t in g  th a t  in  no case shou ld  the stand exceed  

500 p lants/ha .

In th i s  context, the present study was undertaken 

to  e v a lu a te  and qu an t i fy  the e f f e c t  o f  va ry ing  p la n t in g  

d e n s i t i e s  on the v e g e ta t iv e  growth, y i e ld  and drc o f  

ru b b e r .





In In d ia  not much work has been done to  study the 

e f f e c t  o f  p lan t in g  d e n s it ie s  on growth and y ie ld  o f  rub­

be r . However, a nuiober o f  experiments on th is  aspect were
St

done in  the 1920s and 1930s in  M a lay s ia . The re su ts  o f  

these in v e s t ig a t io n s  revea led  that  there  was no competi­

t ion  among young p lan ts  fo r  a year or two a f t e r  p lan t ing ,  

but as the crowns developed they began to  compete f o r  

l i g h t ,  n u tr ien ts  and water. I t  was experim entally  proved 

that at g re a te r  d e n s it ie s  crotch  heights were h igher and 

crowns sm a lle r  (Leong and Yoon, 1982). However, Ng (1993) 

rep o rted  th a t  the he igh t  appeared to  be reduced as the  

density  was increased  above 750 trees/ha.

The r e s u l t s  from an experiment conducted by But­

te ry  and Westgarth in  1965 w ith d e n s it ie s  from 110 to 1074 

trees/ha showed that  90 per cent o f  t re e s  reached tappable  

g i r t h  th ree  years  a f t e r  p la n t in g  when p lanted  a t  119 

trees/ha  whereas a t  1074 t rees/h a  31 per cent remained 

untappable even a f t e r  19 years . A study conducted by N a ir  

(1992) in  K e ra la  re v e a le d  th a t ,  wherever normal spacing  

was adopted, 90 per cent o f  the t re e s  recorded a g ir th  o f  

45 cm and_above by the e ighth  year.



L a t e r a l  roo ts  in  rubber have been found to  cut  

ac ross  a d jo in in g  a reas  o f  p la n t in g  rows and those ly in g  

c lose  to  the s o i l  su rface  a t ta in  the g re a te s t  hor izon ta l  

spread. In s o i l  excavation s tud ies  conducted in M alaysia ,  

the tap  root  was observed to be about 2.4 m deep in  t ree s  

o f  seven to  e ig h t  years  o f  age . The l a t e r a l s  were seen  

extending beyond 9 m in  mature t re e s .  Radiotracer stud ies  

ind ica ted  th a t  the maximum root  a c t iv i t y  was concentrated  

w ith in  3.7 m from the t re e  trunk and the uptake was more 

from the sub s o i l  than from the top s o i l  (Krishnakumar, 

1993).

I t  was seen th a t  v i r g in  and renewed barks were  

th inner w ith h igher p lan t ing  density  (Dijkman, 1951; Ng, 

1993). Heubel (1939) kept a record  o f  t re e s  se v e re ly  

damaged by storms and r e s u l t s  showed that the percentage  

o f  broken t r e e s  was the l a r g e s t  in  the w idest  spac ing .  

This was a ls o  confirmed by Ng (1993).

The d rc  o f  the la t e x  decreased  from wide p lanted  

t ree s  to  dense planted t re e s  (Schmole, 1940). A lso in d i ­

v idu a l t re e  y ie ld s  decreased w ith inc reas in g  density  but  

the t o t a l  p roduction  per hecta re  inc reased  w ith  an in ­

crease  in  den s ity  upto a c e r ta in  maximum l im it  (Schmole, 

1940, Ng, 1993). But t h i s  optimum den s ity  v a r ie d  w ith  

c lones. Eschbach (1974) reported  that maximum y ie ld  in the



fou rth  and f i f t h  years o f  tapping was obtained from dens i­

t i e s  o f  650/ha fo r  clone PB 86 and 550-600/ha fo r  PR 107. 

Samsuddin and Impens (1977) a t t r ib u te d  the d i f fe ren ce s  in  

y ie ld  to  d i f fe r e n c e s  in t o t a l  photosynthetic a c t iv i t y  o f  

the crown a t  d i f f e r e n t  d e n s i t ie s  and to  d i f fe r e n c e s  in  

a l lo c a t io n  o f  photosynthates during la t e x  formation.

However, over a l im ite d  range o f  d e n s i t i e s ,  the  

change in  growth and y ie ld  parameters i s  not qu ite  consid­

e ra b le .  In an experiment with GT 1 p lanted  at  476, 500 and 

555 t ree s/h a  the re  were no s i g n i f i c a n t  d i f f e r e n c e s  in  

growth, y i e ld  o r  drc (Sa leh  and Purwadi, 1982).

The e a r l i e r  f in d in g s  on cro tch  h e igh t ,  g i r th in g  

and y i e l d  as in f lu en ced  by po pu la t ion  den s ity  were con­

firmed by Karthikeyan (1993). The experiments conducted by 

him showed th a t  branching h e igh t  was h igh e r ,  g i r t h in g  

lower and per t re e  y ie ld  le s s  with in c reas in g  d e n s it ie s .

Ng (1993) found that canopy c lo su re  was e a r l i e r  in  

high d e n s i t ie s .  This had the e f f e c t  o f  increas ing  humidi­

ty , which in  turn  favoured the attack  o f  panel d iseases .  

The s e v e r i ty  o f  thie d isease  was h igher in  h igher densi­

t i e s .  However, assessment o f pink, roo t  d isease  and dry  

t re e  incidence showed that there  was no c le a r  cut e f fe c t  

of high den s ity  on incidence o f  these d iseases .
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MATERIALS AND METHODS

The study was conducted a t  the C o l le g e  o f  H o r t i ­

c u ltu r e ,  V e l la n ik k a ra ,  T h r is su r ,  du r ing  the pe r io d  from 

November 1993 to  May 1994 as a continuation  o f the study  

in i t i a t e d  during  1993. The t re e s  in  the 'S u h a s in i ' b lock  

o f the K era la  A g r ic u ltu ra l  U n ive rs ity  were u t i l i s e d .  The 

area  was lo c a te d  a t  10° 31' N l a t i t u d e  and 70° 13' E

lo n g itu d e ,  a t  an a l t i t u d e  o f  40 m above MSL. Data on 

temperature, r a i n f a l l  and r e la t i v e  humidity o f  the l o c a l i ­

ty  c o l le c te d  from the Agrom eteorologica l Department o f the 

Kera la  A g r ic u ltu r a l  U n ive rs ity  are given  in  Appendix I .

The t r i a l  p lo t  was with s l i g h t l y  s lop in g  topogra­

phy. The experiment was l a i d  out in  Randomised Block  

Design w ith  s i x  treatm ents and fo u r  r e p l i c a t io n s .  Two 

c lones v i z .  RRII 118 and RRII 105 were p lan ted  w ith  the  

fo l lo w in g  th ree  spacings:

Spacing Population  density  (per ha)

D̂  ̂ 4.87 m X 4.87 m 420 t ree s

D2 4.06 m X 4.06 m 606 trees

D3 3.48 m X 3.48 m 824 trees



A ltoge the r  there  were 24 p lo t s ,  each with an area

o f  0.142 ha. With the p re sc r ib e d  spac ings  there  were 60

tree s  in  86 t re e s  in  D2 and 118 t re e s  in  D3 .

The t re e s  were planted in  1983 and were in  the 

second year o f  tapping in  the d/2  system.

C u ltu ra l  operations were being done as per Rubber 

Board 's  recommendations (Rubber Board, 1992). In te rc rop ­

p ing was not done du r in g  the i n i t i a l  y e a rs .  Leguminous 

covercrop e s tab l ish e d  had almost faded. Manuring was being  

done on per t r e e  b a s i s  and so u n it  a rea  o f  d i f f e r e n t  

treatm ents re c e iv ed  va ry in g  q u a n t i t ie s  o f  f e r t i l i z e r s  

depending on the number o f  t re e s  present.

From each p lo t ,  three t ree s  a t  random were s e le c t ­

ed and marked f o r  tak ing  the observations . The fo l lo w in g  

observations were recorded.

3.1 G ir th  o f  the trxmk a t  tapping he ight

The g i r t h  o f  the main trunk o f  the sample t ree s  at

125 cm above bud union was measured u s ing  a non e l a s t i c

tape and recorded in centim etre.

3.2 Length o f  tapp ing  cut

The a c tu a l  len g th  o f  the tapp ing  cut o f  each o f  

the sample t re e  was measured using tape.



3.3 Bark thickness

The th ickness  o f  the bark  p f  the sample t re e s  a t  

125 cm h e igh t  from the bud union was measured using  

S c h l ie p e r 's  gauge and expressed in  millimetre.-.

3.4 Lea f area

A mature l e a f  w ith  th ree  l e a f l e t s  was c o l le c t e d  

from one sample t re e  from each p lo t .  The l e a f  area was 

estimated using  graph paper and expressed in square cen­

tim etre  .

3.5 Latex y ie ld

The sample t ree s  were tapped between 6 am and 8 am 

and the la t e x  c o l le c t e d  in  po lythene cups. A f t e r  the  

d r ip p in g  was ove r ,  the t o t a l  y i e ld  was measured using  a 

measuring j a r  and expressed in  m i l l i l i t r e .

3.6 Dry rubber content

Ten m i l l i l i t r e  o f  la t e x  from each t re e  was taken  

and coagu lated  using 5 per cent formic ac id . The coagulum 

was sepa ra ted  from the cup a f t e r  th ree  hours, washed, 

pressed , d r ied  in  an e l e c t r i c  oven and weighed to express  

the weight in  gram o f  dry rubber in  100 ml o f la tex .



3.7 S un ligh t  penetration

The P hotosyn thet ica lly  Active  Radiation  (o f  wave­

length  320 ntn to  720 nm) i n f i l t r a t i n g  through the canopy 

and f a l l i n g  on the ground was measured using a Line Quan­

tum Radiation  Sensor and expressed in  micromole/sec/m^.

3 .8 D iseases

The sample t re e s  were observed p e r io d ic a l ly  during  

the study pe r io d  fo r  record ing  the incidence o f any d i s ­

eases .

3.9 Weed growth

The ground was observed throughout the course o f  

study fo r  the presence o f  any weeds.

3.10 F o l i a r  n u tr ien t  sta tu s

Composite l e a f  samples rep resen ting  each clone and 

each treatment were c o l le c te d  during the month o f  October. 

From the sample t r e e s ,  fou r  b asa l leaves from the term inal 

whorl o f low branches in  shade were c o l le c te d .  There were 

10 0 -12 0  l e a f l e t s  in  each composite sample, which were 

dr ied  and analysed fo r  the le v e l  o f  n itrogen , phosphorus 

and potassium fo l lo w in g  the procedure decribed  by K arth i-  

kakuttyamma (1989) .



3.11 F ie ld  survey

A survey was conducted in  fou r  small rubber ho ld ­

ings which were p lanted in  1972, fo r  f in d in g  out the long  

term e f fe c t s  o f  d i f f e r e n t  p lan t in g  d en s it ie s  on the growth 

and c a s u a l t i e s  o f  t r e e s .  The survey was conducted in  

Chirakkadavu v i l l a g e  o f  Kottayam d i s t r i c t ,  Kerala - s ta te .  

A l l  the fou r  areas were p lanted  with budded stumps o f RRIM 

600. The l i s t  o f  h o ld in gs  surveyed i s  g iven  in  Appendix

I I .

D e t a i l s  re g a rd in g  the i n i t i a l  and present stands  

and average g i r t h  o f  t re e s  were recorded by measuring 25 

t re e s  from each p lo t .  Composite samples o f  top s o i l  (0-15  

cm) were c o l le c t e d  from each p lo t  and analysed  fo r  pH, 

organ ic  carbon, phosphorus, potassium and magnesium.

3.12 S t a t i s t i c a l  an a ly s is

Data obtained were analysed s t a t i s t i c a l l y  based on 

the methods ou tlined  by Panse and Sukhatme (1978), fo r  two 

fa c to r  Randomised Block Design.
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RESULTS ,AND DISCUSSION

The data  obta ined  from the study rega rd in g  the  

variou s  parameters were sub jected  to  s t a t i s t i c a l  an a ly s is  

and the r e s u l t s  a re  fu rn ish ed  in  Tab le  1 to  11 and a re  

discussed .

4.1 G ir th  o f  the trunk a t  tapp ing  height

The data furn ished in  Table  1 and depicted in  F i g . l  

rev ea l the in f lu en ce  o f density  on the g ir th in g  o f  t r e e s .

With re sp e c t  to  trunk g i r t h ,  c lones as w e l l  as  

d i f f e r e n t  popu lation  d en s it ie s  showed h igh ly  s ig n i f ic a n t  

v a r ia t io n .  However, the in te rac t io n  e f f e c t  was not s i g n i f ­

ican t . There was marked decrease in  g i r th  with increase  in  

d en s ity .  RRII 118 was found to  have more g i r t h in g  than  

RRII 105. The h igh e st  g i r t h  o f  60.5 cm was recorded by 

RRII 118 a t  420 trees/ha whereas the lowest, 46.75 cm was 

fo r  RRII 105 a t  824 trees/ha.

These f in d in g s  are in  conformity w ith the r e s u l t s  

obta ined  in  s im i la r  s tu d ie s  by Buttery  and W estgarth  

(1965 ), N a i r  (1992) and Karth ikeyan (1993 ). I t  i s  q u ite  

n a tu ra l  th a t  when the number o f  p la n ts  per u n it  area  i s  

more, the s o l a r  energy as w e l l  as m oisture  and n u tr ie n t



Table 1. P lan t  g i r t h  as in fluenced  by d i f f e r e n t  population
d e n s it ie s  and clones

Clone P lant g i r t h  a t  population  den s it ie s  (cm)

D2 D3 Mean

RRII 118 60.50 56.25 51.50 56.08

RRII 105 54.50 49.00 46.75 50.08

Mean 57.50 52.63 49.13

CD fo r  c lone  

CD fo r  den s ity  

CD fo r  c lone x

-  2 .57**

-  3 .14**  

density  -  NS

Dl -  

°2  -  

°3 -

420 plants/ha  

606 plants/ha  

824 plants/ha
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a v a i l a b i l i t y  to  the in d iv id u a l p lant get reduced which in  

turn  r e s u l t  in  the com parative ly  l e s s e r  growth. Due to  

higher shade e f f e c t  in  the p lan ta tion  a t  h igher population  

d e n s ity ,  the p la n ts  tend to  become lanky in  growth. The 

d i f f e r e n t i a l  performance o f the clones may be due to  the 

v a r i e t a l  c h a r a c t e r i s t i c s .

4.2 Length o f  tapping cut

Tab le  2 g iv e s  the data  on the length  o f  tapp ing  

cu t . As the length  o f  the cut . is  p ro p o r t io n a l  to  the  

g i r t h ,  i t  a ls o  exh ib ited  h igh ly  s ig n i f ic a n t  v a r ia t io n  with  

re sp ec t  to  d e n s ity  and c lo n e . The length  o f  the cut was

maximum in  c lone RRII 118 at  420 trees/ha (35.17 cm) and

minimum in  RRII 105 a t  824 trees/ha (27.17 cm).

4.3 Bark th ickness

The thickness o f  the v i r g in  bark v a r ied  a t  h igh ly  

s i g n i f ic a n t  le v e l  with population  density  (Tab le  3 ) .  Bark 

th ickness was found reduced w ith  increas ing  density  (F ig .  

2 ) .  The h igh e s t  va lu e  o f  7.84 mm was obta ined  in  c lone  

RRII 118 a t  the d en s ity  o f  420 trees/ha  and the low est  

va lu e  o f  6.50 mm was obta ined  in  c lone  RRII 105 a t  824 

t re e s/ h a .

Though there  was h igh ly  s ig n i f ic a n t  r e la t io n  among 

the d i f f e r e n t  d e n s i t ie s ,  d i f fe re n ce s  w ith in  the clone and



Table 2. Length o f  tapping cut as in fluenced  by d i f f e r e n t  
population  d e n s it ie s  and clones

Clone Length o f  tapping cut a t  population  d en s it ie s
(cm)

Di ^2 D3 Mean

RRII 118 35.17 32.84 30.00 32.67

RRII 105 31.75 28.67 27.17 29.20

Mean 33 .46 30.75 28.58

CD fo r  clone -  1 .50** D]̂  -  420 plants/ha

CD fo r  density -  1 .84** D2 -  606 plants/ha

CD fo r  clone X density -  NS D3 -  824 plants/ha



Table 3. Bark thickness as in fluenced  by d i f f e r e n t  
population  d e n s it ie s  and clones

Clone Bark thickness a t  population  d en s it ie s  (mm)

^2 D3 Mean

RRII 118 7.84 7.25 6.58 7.22

RRII 105 7.33 7.08 6.50 6.97

Mean 7.58 7.17 6.54

CD fo r  clone  

CD fo r  density  

CD fo r  c lone x density

-  NS

-  0 .60**  

-  NS

D]̂  -  420 

D2 -  606 

D3 -  824

plants/ha

plants/ha

plants/ha
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the in t e ra c t io n  e f f e c t  o f  c lones and d e n s i t ie s  were not 

s i g n i f i c a n t .  But between the c lo n e s , RRII 118 had the 

th icker  bark with an average o f  7.22 mm whereas RRII 105 

recorded a mean va lue  o f  only 6.97 mm.

The r e s u l t s  confirm the e a r l i e r  f in d in gs  o f D i jk -  

man (1951), Karthikeyan (1993) and Ng (1993).

4.4 Leaf a rea

The r e s u l t s  p e r ta in in g  to  the l e a f  a rea  are f u r ­

n ished in  T ab le  4 and F ig .  3. I t  cou ld  be observed that  

among the d i f f e r e n t  d e n s it ie s ,  there ex is ted  h igh ly  s i g ­

n i f ic a n t  v a r ia t io n  in respect  o f  th is  parameter, i . e .  the 

l e a f  area dec lined  with increase  in density  fo r  both the 

c lones. There was a lso  s ig n i f ic a n t  v a r ia t io n  between the 

c lones. The h ighest  l e a f  area o f  273.5 cm̂  was recorded by 

RRII 118 a t  420 trees/h a  and the low est  151.25 cm̂  fo r

RRII 105 at  824 trees/ha . The in te rac t io n  e f f e c t  o f clone

and density  was not s ig n i f ic a n t .  On an average the to ta l  

l e a f  a rea  was h igh e r  f o r  the c lone RRII 118 compared to  

RRII 105.

The r e s u l t s  agree  w ith  the f in d in g s  o f  Leong and

Yoon (1982) who had repo rted  th a t  g re a t e r  d e n s i t ie s  r e ­

su lte d  in  sm a lle r  crowns. Karthikeyan (1993) had a lso  

observed that l e a f  area decreased with increas in g  popula-



Table 4. Leaf area as in fluenced  by d i f f e r e n t  
population  d e n s it ie s  and clones

Clone Leaf area as in fluenced  by population d en s it ie s
(cm2)

^2 °3 Mean

RRII 118 273.50 215.13 163.13 217.25

RRII 105 260.88 183.00 151.25 198.38

Mean 267.19 199.06 157.19

CD fo r  clone  

CD fo r  density  

CD fo r  clone x density

-  17.58**

-  21.53**

-  NS

Dl -

D2 -

D3 -

420 plants/ha  

606 plants/ha  

824 plants/ha
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t io n  d e n s ity .  The h igher  l e a f  a rea  recorded  by RRII 118 

can be considered as a v a r i e t a l  character.

4.5 Latex y ie ld

From the data fu rn ish ed  in  Tab le  5 i t  could be 

seen that  the volume o f la te x  per t re e  per tap decreased  

with in c reas in g  density  in  both the c lones. But the d i f ­

ference was not s t a t i s t i c a l l y  s i g n i f ic a n t .  However, b e t ­

ween the c lon es , there ex is ted  a h igh ly  s ig n i f ic a n t  d i f ­

ference regard ing  la tex  y i e ld ,  i r r e s p e c t iv e  o f  the densi­

t i e s  .

Though, in  gen e ra l,  volume o f  la tex  decreased with  

inc reas in g  density , an exception was noticed in  clone RRII 

105. In th is  case the h ighest  volume was obtained, not at  

the low est, but at the medium density . But the d i f fe ren ce  

was only n e g l i g i b le  and not s t a t i s t i c a l l y  s ig n i f ic a n t .

Accord ingly , the h ighest  volume o f la tex  per. t re e  

was 88.77 ml recorded  by RRII 105 a t  the den s ity  o f 606 

trees/ha  whereas the low est  was 43.46 ml. in  RRII 118 at  

824 trees/ha .

The genera l trend o f decrease in  la tex  y ie ld  with  

in c re a s in g  d en s ity  supports  e a r l i e r  f in d in g s  by Dijkman
o

(1951) and Karthikeyan (1993) who had reported  s im i la r  

t ren d s . In  the presen t experim ent, the p lan ts  have ju s t



Table 5. Volume o f  la tex/ tree/ tap  as in fluenced by 
d i f f e r e n t  population  d e n s it ie s  and clones

Clone Volume o f la tex/ tree/ tap  at population  
d e n s it ie s  (ml)

Dl ^3 Mean

RRII 118 48.44 47.17 43.46 46.35

RRII 105 83.31 88.77 74.83 82.30

Mean 65.87 67.97 59.15

CD fo r  clone - 18.98** D;,̂  -  420 plants/ha

CD fo r  density - NS D2 -  606 plants/ha

CD fo r  clone x density NS D3 -  824 plants/ha



s ta rted  y ie ld in g  and a conclusive  r e s u l t  could be obtained  

only a f t e r  the y ie ld  gets  s t a b i l i z e d .

4.6 Dry rubber content

As per Tab le  6 , the d i f f e r e n c e s  ■ in drc among 

d i f f e r e n t  d e n s i t i e s  were not s t a t i s t i c a l l y  s i g n i f i c a n t .  

But the genera l trend observed was th a t , w ith in  each clone  

the drc decreased  w ith  in c re a s in g  d en s ity .  However, a 

h igh ly  s i g n i f i c a n t  d i f fe re n ce  was obtained between the two 

c lo n e s . The average  drc f o r  RRII 118 was 40.37 per cent  

whereas th a t  f o r  RRII 105 was on ly 35.85 per cent. The 

h ighest drc o f  42.33 per cent was obtained in  RRII 118 at  

the low est  d en s ity  and the low est drc o f  3 3.75 per cent  

was recorded  in  RRII 105 a t  the h igh e st  den s ity . The 

h igher  drc  o f  RRII 118 may be considered  as a v a r i e t a l  

ch a ra c te r .

The r e s u l t s  are in  agreement with the find ings  o f  

Schmole (1940 ), Dijkman (1951) and Karthikeyan (1993) who 

had rep o rted  th a t  dry rubber content decreased w ith  in ­

c reas ing  density .

4.7 Dry riibber y i e ld  per t r e e  per tap

This was c a lc u la te d  u s in g  the va lu es  fo r  t o t a l  

volume and drc o f  la t e x ,  a c tu a l ly  measured.



Table 6 . Dry rubber content as in fluenced  by d i f f e r e n t
population d e n s it ie s  and clones

Clone Dry rubber content a t  population d en s it ie s
(%)

° 1 °2 D3 Mean

RRII 118 42.33 39.08 39.70 40.37

RRII 105 37.55 36.25 33.75 35.85

Mean 39.94 37.66 36.73

CD fo r  clone -  3 .21** Dl - 420 plants/ha

CD fo r  density NS °2  - 606 plants/ha

CD fo r  clone X density NS °3 - 824 plants/ha



In t h i s  case  a lsO ; the d i f f e r e n c e  between clones  

was s ig n i f i c a n t ,  but the d e n s it ie s  as w e l l  as the " :a rac -  

t io n  were not s t a t i s t i c a l l y  s i g n i f ic a n t  (T ab le  7 ).  Howev­

e r ,  the trend was that  the dry rubber y i e ld  per tree  per  

tap  decreased  with in c re a s in g  d e n s ity ,  except that  RRII 

105 showed a s l i g h t l y  h igher  y i e ld  a t  606 trees/ha  than 

th a t  a t  420 trees/h a . A c tu a l ly  t h i s  i s  due to  the con­

t r ib u to ry  e f f e c t  o f  the h igher volume o f  la t e x  recorded a t  

t h i s  density .

In a l l  the spacings, RRII 105 was found to be much 

su per io r  to  RRII 118 regard ing  per t re e  y i e ld ,  in sp ite  o f  

i t s  lower drc . The average y ie ld  o f  these two clones were 

28.72 g and 18.57 g r e s p e c t iv e ly .  The h igh e st  per t re e  

y ie ld  o f  31.45 g was recorded in  RRII 105 a t  606 trees/ha  

whereas the low est was 17.12 g in  RRII 118 a t  824 

t re e s/ h a .

The r e s u l t s  are in  conformity w ith  the f in d in gs  o f  

Schmole (1940) and Karthikeyan (1993 ).

4 .8 Sun light penetration

The data w ith  re sp e c t  to  the i n f i l t r a t i o n  o f  

P h o to sy n th e t ic a l ly  A c t ive  R ad ia t ion  (PAR) through the  

canopy in d i f f e r e n t  d e n s i t ie s  a re  p resen ted  in  Table  8 .



Table 7. Dry rubber y ie ld/ tree/ tap  as in fluenced  by 
d i f f e r e n t  population d e n s it ie s  and clones

Clone Dry rubber y ie ld / tree/ tap  a t  
d e n s it ie s  (g )

population

° 1 ° 2  D3 Mean

RRII 118 20.43 18.15 17.12 18.57

RRII 105 30.35 31.45 24.38- 28.72

Mean 25.39 24.80 20.75

CD fo r  clone

CD'̂  f o r  density

CD fo r  clone x density

5 .29** D^ -  420 plants/ha

NS D2 -  606 plants/ha

NS D3 -  824 plants/ha



Table 8 . Sun light penetration  through the canopy as
in f lu en ced  by d i f f e r e n t  po pu la t ion  d e n s i t ie s

and clones

Clone Sun light penetration  at  population  
d e n s it ie s  (micromole/sec/m^)

• Dl ^2 D3 Mean

RRII 118 44.75 36.40 25.73 35.62

RHII 105 38.56 30.73 30.40 33.23

Mean 41.66 33.56 28.06

CD fo r  clone -  NS Dĵ  -  420 plants/ha

CD fo r  density -  NS D2 -  606 plants/ha

CD fo r  clone x density -  NS D3 -  824 plants/ha



The v a r ia t io n s  were not s ig n i f ic a n t  but th e 'gen e ra l trend  

was that the i n f i l t r a t i o n  decreased w ith increas ing  densi­

ty  in  both the c lo n e s . The h igh est  quantum o f PAR pen­

e t ra te d  was 44.75 micromole/sec/m^ in  RRII 118 at  420 

trees/ha and the lowest was 25.73 micromole/sec/m^ again  

in  RRII 118 a t  824 t ree s/h a . From the r e s u l t s  rega rd ing  

l e a f  a rea , the parameter was found to d e c l in e  with in ­

c reas ing  d en s ity . At lower d e n s it ie s  the area  o f  ind iv idu ­

a l  l e a f l e t s  was more. A lso  a t  w ider spac in gs , the t re e s  

may show a tendency to overgrow. These two fac to rs  might 

have re su lte d  in  the n o n -s ig n i f ic a n t  d i f fe re n c e  in i n f i l ­

t ra t io n  o f  PAR among the d i f f e r e n t  d e n s i t ie s .

The trend observed i s  in  agreement with the f in d ­

ings o f  Karthikeyan (1993).

4.9 Dry rubber y i e ld  per hectare  per tap

The dry  rubber y ie ld/h a/ tap  a t  the d i f f e r e n t  

d e n s it ie s  was computed based on per t re e  y i e ld  per tap and 

number o f  trees/ha in d i f f e r e n t  spacings. The re su lts  are  

furn ished in  Table  9 and F ig . 4.

Regarding the per hectare y i e ld  per tap there was 

h igh ly  s i g n i f i c a n t  v a r ia t io n  between the clones and among 

d i f f e r e n t  d e n s i t i e s .  Y ie ld/ha  in c r e a s e d ' w ith  in c reas in g  

stand and there  was no tendency o f  any dec line  even at 824



Table  9. Dry rubber y ie ld/hectare/tap  as in fluenced by 
d i f f e r e n t  population  d e n s it ie s  and clones

Clone Dry rubber y ie ld/ha/tap  a t  population  
d e n s it ie s  (kg )

Di ^2 °3 Mean

RRII 118 8.58 1 1 .0 0 14.11 11.23

RRII 105 12.75 19.06 20.09 17.30

Mean 10.66 15.03 17.10

CD f o r  clone - 3.13** D^ -  420 plants/ha

CD fo r  density - 3.83** D2 -  606 plants/ha

CD fo r  clone x density NS D3 -  824 plants/ha
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t re e s/ h a . I t  means th a t  the optimum stand f o r  maximum 

y ie ld  in  both the clones i s  h igher than 824 trees/ha.

The h ig h e s t  y ie ld / h a/ tap , i . e .  20.09 kg was 

recorded in  RRII 105 a t  824 trees/ha and the lowest, 8.58 

kg fo r  RRII 118 a t  420 trees/ha .

I t  was a ls o  seen th a t  RRII 105 was much su p e r io r  

to  RRII 118 in  y i e ld .  The average y i e ld  o f  RRII 105 was 

17.30 kg where^as that o f  RRII 118 was only 11.23 kg. Such 

v a r ia t io n s  may be a tt r ib u ted  to  the v a r ie t a l  c h a ra c te r is ­

t i c .

4.10 D iseases

During t h e p e r i o d  o f  study no d ise a se s  were no­

t ic e d  on the sample t r e e s .  Th is  may be due to  the f a c t  

th a t  major d is e a s e s  o f  mature rubber t re e s  occur during  

ra in y  season and the p resen t  study was conducted during  

dry months. However, the f o l i a g e  re te n t io n  o f  both the  

clones was good, suggesting  that  there had been no consid­

e ra b le  a ttack  o f  P h y t o p h t h o r a . However, Ng (1993) in  

M alaysia  had observed that h igher d e n s it ie s  favoured the 

incidence o f  panel d iseases  by way o f  increased humidity 

in  the p lan ta t ion  due to  e a r ly  canopy c lo su re .



4.11 Weed growth

No n o t ic e a b le  weed growth was p resen t  in  any o f  

the p lo t s  during the per iod . Leguminous covercrop had only  

ju s t  faded and the ground was w e ll  covered by the f a l l e n  

l i t t e r .  Another reason f o r  absence o f  any weeds may be 

that the study was conducted during summer months.

4.12 F o l i a r  n u tr ien t  sta tu s

The r e s u l t s  o f  an a ly s is  o f  f o l i a r  n u tr ien t  s ta tu s ,  

presented  in  Tab le  10 had showed no uniform patte rn  o f  

v a r ia t io n  except f o r  n itrogen  and phosphorus in  clone RRII 

105. Here the contents o f  these nutr ien ts  in  the le a f  was 

found to decrease w ith inc reas in g  density . But potassium  

in RRII 105 was h ighest in  the medium density  and lowest  

in  the h igh est  d e n s ity .  However, in  c lone RRII 118, po­

tassium  content in  l e a f  was found to in c rease  w ith  in ­

c reas ing  density .

In t h i s  p a r t i c u la r  experiment, f e r t i l i z e r s  were 

being app lied  on per t re e  b a s is  i r r e sp e c t iv e  o f  the densi­

ty  and as a s in g le  dose during south west monsoon period .  

The p lo t  i s  s lopy  w ithout e f f e c t i v e  s o i l  and moisture  

conservat ion  s t ru c tu re s .  Th is might have con tr ibu ted  to  

the e r r a t i c  r e s u l t s  obtained.



Table 10. F o l ia r  nutr ien t  sta tus  as in fluenced  by 
d i f f e r e n t  population  d e n s it ie s  and clones

Treatment

N

Nutrient  (%) 

P2°5 ^2°

RRII 118 at 420/ha 2.80 0.19 0.90

RRII 118 at 606/ha 3.29 0.16 0.92

RRII 118 at 824/ha 3.18 0.16 0.96

RRII 105 at 420/ha 3.83 0.23 1.30

RRII 105 at 606/ha 3.52 0.20 1.46

RRII 105 at 824/ha 3.46 0.19 1.06



4.13 F ie ld  survey

The data  o f  the f i e l d  survey are  fu rn ished  in  

Table 11.

The r e s u l t s  regard ing  the mean g i r th  o f  t rees  were 

seen to agree w ith  the f in d in gs  o f  the main p ro je c t .  There 

was profound d i f f e r e n c e  f o r  t h i s  parameter in  d i f f e r e n t  

d e n s i t ie s .  G e n e ra l ly  the mean g i r t h  was h igh e r  in  lower  

stands .

No c o r re la t io n  was observed between the number o f  

c a s u a lt ie s ,  s o i l  nu tr ien t  sta tus  and stand per hectare.



Table 11. G ir th , c a su a lt ie s  and s o i l  nu tr ien t status as 
in fluenced  by d i f f e r e n t  population d en s it ie s

Average
g i r th
(cm)

No. o f  
casu a l­
t i e s

pH o f  
s o i l

S o i l  : 

Org.i

nutrient  

C P2O5

s t a tu s (%) 

K2O Mg

I
(381/ha) 80.84 55 5.2 1.75

(H)
1 .2 0
(M)

7.50
(M)

7.77
(H)

I I
(418/ha) 76.56 70 5.1 1.05

(M)
0.40
(L )

10.00
(M)

2.77
(H)

I I I
(634/ha) 70.12 49 4.7 1.43

(M)
0.60
(L )

9.00
(M)

5.55
(H)

IV
(760/ha) 61.68 94 4.8 1.56

(H)
3.50
(H)

6.25
(M)

4.99
(H)

■

(L -  Low; M -  Medium ; H - High)
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SUMMARY AND COSCLOSION

R esu lts  o f  the present in ves t iga t io n s  on the 

"Performance evaluation of rubber under d i f fe re n t  planting  

in t e n s i t i e s "  are in agreesent wirh the findings o f e a r l i ­

er  s tud ies  conducted in India and abroad. Individual tree  

growth, parameters l ik e  g irth in g  and bark thickness are 

a f fe c te d  by higher densities. Per tree  y ie ld  and drc are 

h igher a t  lower population densities.

Y ie ld  o f  rubber i s  a function o f  the number of  

t r e e s  in  tapp ing, the average y ie ld  per tree  and the 

frequency o f tapping. Hence per hectare y ie ld  w i l l  in ­

c rea se  with increas ing  density upto a ce rta in  l i n i t .  

However, the estimation of the cprimum stand per hecrare 

that  w i l l  maximise p ro f i t  over the whole productive period 

o f  the ho ld ing i s  rather d i f f i c u l t .  This involves the 

d i f f i c u l t  task o f attempting to predict the future level  

o f  v a r i a b le s  such as tapping costs, s e l l in g  price  of 

rubber etc .

When rubber prices are high and when family labour 

i s  employed fo r  tapping, higher y ie ld  per hectare rea lised  

from h igher  stands Eay be p ro f i t a b le .  But when tapping 

cost  i s  higher compared to price of rubber i t  is  desirable



to have h igher per t ree  y ie ld .  In M alaysia , a stand o f 750 

trees/ha  i s  recommended fo r  sm all h o ld e rs  who work on 

th e i r  own e s ta te s .  But in  Ind ia  such recommendations based  

on s c i e n t i f i c  budgeting are lack ing . However, the exp e r i ­

ment r e s u l t s  p o in t  to the n e ce s s ity  f o r  rev iew ing  our  

present recommendations and a m od ificat ion  to a llow  fo r  a 

higher stand f o r  small ho ld ings in  which fam ily  labour can 

be employed.

The s a l ie n t  f in d in g s  o f the study are as fo l lo w s ;

G irth  increment was h igher in  low density  p lan ting  
and v ic e  ve rsa .

Thickness o f  v i r g in  bark decreased with increas ing  
den s ity .

Leaf area  was more at  w ider spacings.

Volume o f  la te x / t re e / ta p  was le s s  at  h igher  
stands.

/
The drc  was found to  decrease  w ith denser  
p la n t in g s .

Per hectare  y ie ld  was more a t  c lo s e r  spacings.

S u n ligh t  pen etra t ion  through the canopy was more 
in  stands with wider spac ings .
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APPENDIX-I
Weather data o f  Ve llan ikkara  

Temperature in "C, Rain in  mm and RH in  %

Element JAH FEB HAR APR HAY JUN JDL AUG SEP OCT NOV DEC

Y e a r 1 9 9 1

Max. t e i . 33.6 35.9 36.4 35.6 35.1 29.7 29.1 29.0 31,5 30.9 31.5 31.9

Hin. t e i . 22.2 21.7 24.9 24.5 25.5 23.8 22.8' 22.7 23.6 23.2 25.0 21.7

Rain 3.9 0.0 1.8 83.8 56.1 993.1 975.6 533.3 61,5 281.7 191.3 0.2

R. days 1 0 0 4 5 28 27 24 7 14 9 0

Mean RH (1) 57 51 66 68 70 88 86 87 78 82 75 64

Y e a r 1 9 9 2

Max. ten . 32.6 34.5 36.9 36,3 33.8 30.1 28.8 28.9 30,1 30.7 31,0 31.1

Hin. ten. 20.9 21.8 22.8 24.4 24.8 23.7 22.7 23.3 23,1 22.9 23.1 22.3

Rain 0.0 0 .0 0.0 48.6 90.6 979.8 874.5 562.9 302.9 386.7 376.7 2.0

R. days 0 0 0 3 6 22 26 25 17 14 12 0

Mean RH (%) 53 65 61 65 73 84 87 88 82 82 77 61

Y e a r 1 9 9 3

Max. teu. 32.6 34.1 35.4 34.5 34.4 30.1 28.5 29.6 30.6 30.7 31,5 31.6

Hin. tern. 20.7 22.0 23.7 25.0 24.8 23.9 22.9 23.4 23.1 23.4 23.6 23.1

Rain 0.0 6.6 0.0 32.1 131.1 700.3 661.6 276.7 85.3 519.0 74.6 18.0

R. days 0 2 0 2 6 22 29 20 9 16 4 2

Hean RH (%) 53 62 63 69 74 86 87 87 81 83 73 66

Source: Department o f  Agrometeorology, C o llege  o f  
H o rt ic u ltu re ,  V e llan ik kara , T h rissu r .



D e ta i ls  o f  sm all rubber holders whose p lo ts
fo r  the survey

were se lected

Name and address Extent ( h a )

1. Mrs.Padmavathiamma 
Thalavangattu  
Cheruva lly , P.O.

0.55

2. Mr.Chandrasekharan Na ir  
P a n th a la t t i l  
Thekkethukavala, P.O.

0.43

3. H r.K .J .Cherian  
Kurisummoottil 
K a n jira p p a l ly ,  P.O.

0.41

4. Mrs. Sudhakuinari 
Arinchadath  
Thekkethukavala, P.O.

0.41


