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The genus Hevea belonging to the family Euphorbiaceae consists 

of 11 species. Among these, the para rubber tree ( Hevea b rasilien sis  

W il ld .e x  A d r .  de Juss.)  Muell. Arg . is the most important commercial 

source of natural rubber. Natural rubber is one of the most ve rsatile  

vegetable products having manifdld uses. Over t h i r t y  m illion people 

in the world are dependent on natural rubber for th e ir  l iv e lih o o d .

Rubber plantation industry provides the p rin c ip a l raw material 

for the rubber goods manufacturing industry which in turn produces 

a va rie ty  of products indispensable in modern life .  The natural rubber 

production in India is 3667A5 t from an area of A66000 ha for the 

p'eriod 1991-'92 (Rubber Board, 1993). Of these, Kerala alone c o n tr i­

butes 85 per cent of the area and 90 per cent of production. India 

is the fourth largest producer of natural rubber next to Thailan d, 

Indonesia and Malaysia.

The average yield  of rubber in our country is 1130 kg/ha/year 

which was only 898 kg in 1985-'86. India is one of the countries 

which uses maximum proportion of natural ru b b e r. The  consumption 

ratio of natural and synthetic rubber in India is 78:22, w hile  the 

world pattern of use is 36:64.

The clone currently enjoying maximum popu la rity  in the country 

is RRII 105, evolved by the Rubber Research Institute of 

India. More than 80 per cent of the plantation sector is occupied 

by this clone. Moreover, by the encouraging and efficient replanting



and new planting schemes of the Rubber Board, almost the entire

area is occupied by the rubber plantations. Due to the scarcity  of 

land in the traditional areas, the rubber plantations are shifted to 

the non-traditional rubber tracts.

The rubber plantations in Kerala are predominated by small

holdings numbering about seven lakhs, which accounts for 83 per 

cent of the total area under rub be r.

The planting density recommended is 420 to 445 per hectare 

( i . e .  170 to 180 per acre) in the case of budgrafted plants.

Whereas in the case of seedlings, the stand is 445 to 520 plants per 

hectare (180 to 210 plants per a c re ) .  However, with regard to small 

growers, since they are self managing the plantations, they used

to plant 'higher stand than the recommended stand. At th is  juncture, 

it is w orthw hile  to generate information on the effect of different 

planting densities on the growth, secondary attributes and y ie ld
*

of the plants.

However, experimental evidences to elucidate the impact of 

high density planting on growth, and y ie ld  of rub be r are meagre

in India. Therefore, the investigations reported herein were carried  

out with an objective to find out the effect of different population

densities on vegetative grow th, y ie ld  and d ry  rubber content of

high yie ld ing rubber clones.



Under the prevailing  agroclimatic conditions in India, indepth 

studies on the effect of different planting densities on the growth 

and y ie ld  of rubber are l im ite d . However, extensive studies on 

these aspects are reported from countries l ik e  Indonesia and Malaysia.

Edgar (1958) reported that increase in number of plants per

unit area would decrease the spread of canopy, size and spread of

trees. A good account of grow th, y ie ld  and diseases in relation to 

planting density was given by Dijkman (195'^).

An experiment conducted by Buttery and Westgarth (1965) 

revealed that under w ider spacings, plants attained tapping stage 

very much e a rlie r  than in dense plantings. Mani ^  ( 19J&) reported

that g irth  was reduced with increase in planting density. Studies 

on effect of planting density on growth of rubber were also reported 

by Ng el  ̂ (1979). It was suggested that a more vigorous clone

perform better at lower densities than a less vigorous clone (Yoon, 

1980) . Studies on effect of planting density on growth of rubber

were reported by Leong and Yoon (1982). The merits and demerits 

of w ider and narrow spaced planting were also reported by Saraswathi 

Amma (1985).

In the early days of rubber in d u s t ry , trees in estates were

planted wide apart than they are n o w -a -d a ys . In Malaysia, spacing 

at 6.1 m square was common giving an in it ia l  stand of 270 trees



per hectare. It was soon realised that w hile  th is  gave strong 

growth and high y ie ld  per tree, larger y ie ld s  per hectare could 

be obtained by close planting. A number of experiments comparing 

different planting densities were conducted in Indonasia and in 

Malaysia (Webster and B a u lk w ill ,  1989).

In Malaysia, common spacings were 30' x 8 ' ,  24' x 10' and

20' x 12 '. A l l  these spacings gave 448 trees per hectare (Webster 

and B a u lk w ill ,  1989).

Except on sloping land or where intercroping was intended, 

planting was commonly done in equitorial triangle system. T h is  allowed 

each tree the same amount of space in a ll  directions and was 

generally considered to give the most uniform growth and the shortest 

immaturity pe rio d . Spacing of 5.1 m to 4 .9 m were suitable with 

in itia l stands of 444 to 481 trees per hectare (Webster and B a u lk w ill ,

1989).

/
Hedge planting system was suggested by Webster and B aulk w ill  

(1989) wherein the rubber plants were planted 2 to 3 m apart in 

lines and 8 to 9 m apart between lines which enabled coffee planting 

in between rows.

Conventional planting pattern adopted by the farmers depend 

on the lie  and slope of the land. In general, rectangular-, square 

and triangular systems were found to be best suited for flat and 

s lig h t ly  undulating lands (Punnose, 1990).



In rectangular planting syfetem, the distance between plants 

was higher than that of the distance between plants in a single row . 

In this system the spacing in the row varied between 6.1 m and 

6.7 m and between the row varied from 3 m to 3 .4  m (Punnose,

1990).

Cherian (1990) has reported that despite of better e a rl ie r  

growth in close spacings, the mean g irth  of plants at w ider spacings 

was higher during later stages.

In square planting system, the distance between plants in

a line and between lines were one and the same. The spacings in

this system varied from 4.3  m to 4 .9 m (Rubber Board, 1992).

In triangular system, the spacing in a row varied  from 4.3 m to

4.9 m and between rows varied from 4.3  m to 4 .9 m (Punnose, 1990).
/

/
From the studies conducted by Nair (1992) it  was reported

that whereever normal spacings were adopted 40 per cent attained 

tapping stage by eighth year.

On sloping land, the trees w i l l  be normally planted along

the contours on terraces. The planting system usually approximates

to rectangular with the distance between contour rows greater than 

that between trees in the rows (Rubber Board, 1993).



M ATERIALS AMD METHODS

The study was conducted at the College of H o rticulture , V e lla -  

nikkara during the period from A p r i l  1993 to June 1993. The plants 

in an ongoing experiment planted during 1983 in the 'Suhasini' block

of the rubber estate of Kerala A g ricu ltura l U n iv e rs ity ,  Vellanikkara 

were utilized for the study. The tr ia l  plot was with more or less

undulating topography. The area was located at 10 degree 31' N

latitude and 70 degree 13' E longitude and at an altitude of 40 m 

above MSL. Data on temperature, and ra infall of the location for 

the past three years are presented in Appendix I and I I  re s p e c tiv e ly .

The experiment was laid  out in Randomised Block Design

with six treatments and f ive  replications. The following three spacings 

were tried  in two promising clones i .e .  RRII 105 and RRII 118:

Spacing Population density per hectare

S.̂  4.87 m x 4.87 m 420 plants

S^ 4.06 m X 4.06 m 606 plants

S^ 3.48 m X 3.48 m 824 plants

There  were 30 plots, each plot with an area of 0.142 ha. 

The total experimental area was 4.26 ha. The number of plants per 

plot varied with the treatments. The re  were 60 plants per plot 

in S.J, 86 plants in 82 and 118 plants in S^.



The plants were grown as per the package of practice recom­

mendations of the Rubber Board. Intercropping was not done during 

the early stages of crop growth. Leguminous cover crop Pueraria 

phaseoloides was established lu x u rie n tly .

For recording the biometric observations, a sample of ten 

plants per plot were randomly selected. The following observations 

were recorded.

3. 1 .  Branching height

The height upto the f irs t  branching level was measured using 

a pole and expressed in centimetres.

3 . 2 . ranching angle and nature of canopy

The branching angle and nature of canopy were recorded by 

visual observation of the sample plants in each treatment. Tfie degree 

of angle was classified as acute and obtuse and the canopy as dense, 

medium or low.

3. 3 .  Number of branches

The number of p r im a ry ,  secondary and te rt ia ry  branches 

of the sample plants were counted and  the sum total of them 

expressed as the number of branches.

3. 4 .  G irth

The in d iv id u a l plant g irth  at 125 cm above budunion of the 

sample plants from each plot was measured using a tape and recorded 

in centimetres.



3. 5 .  Bark lliic'^ness

The bark thickness was measuied using S c h lie p e r 's  guage 

and expressed in m illim etres.

3 . 6 .  Leaf area

The leaf area was recorded using graph paper and expressed 

in square centimetres.

3.7. Latex y ie ld

' 'T h e  sample plants were tapped between 6 a .m . and 7 a .m . 

and the latex collected in a fresh PVC collecting vessel until the 

drip p in g  was o ver. The collected latex was measured by using a 

measuring glass ja r  and the volume expressed in m i l l i l i t r e s .

3.0.  D ry  ru b b e r content

Dry rubber content was recorded by taking 10 ml sample 

of the latex and coagulating with formic acid , d ry in g  in e le c tr ic  

oven and by weighing in electronic weighing machine and expressed 

in percentage.

3. 9 .  L ig h t penetration

The photosynthetically active radiation penetrating through 

the canopy and falling on the ground was measured by using a Line 

Quantum Sensor placed one metre above the ground le v e l .  The quantum 

of PAR was expressed in micromole per second per square metre.



3»10.  S ta tistica l analysis

The data generated from the experiment were subjected to 

statistical analysis following the methods outlined by Panse and 

Sukhatme (1978).



RESULTS AND DISCUSSION

The data recorded on various parameters were subjected to 

statistical analysis and the results are furnished in Ta b le  1 to 3

and are discussed.

4. 1 .  Branching height

The data on branching height furnished in Ta b le  1 revealed 

that In general, branching height increased under high density plant­

ing. Maximum branching height of 3.11 m was recorded by the variety  

RRII 118 under medium level of population i . e . ,  4.06 m x 4.06 m

with 606 plants per hectare. The lowest branching height of 2.58 m

was observed in RRII 105 va rie ty  at the widest spacing of 4.87 m x 

4.87 m (420 plants per hectare). The results of the investigation 

showed that under high density planting, there would be more shade 

effect and the plants tend to be more lanky in growth in search 

of l ig h t thereby increasing the branching le v e l.  T h is  is in

agreement with the early  findings by Edgar (1958) that increase

in number of plants per unit area would decrease the spread of 

trees.

4. 2.  Branching angle and nature of canopy

The results of the study revealed the common trend that 

branching was acute angled in a l l  the three treatments. But the

varieties had influenced the nature of canopy much. The nature of

canopy of RRII 105 was medium in a ll  the three treatments, where



Table  1. Morphological characters of rubber as influenced by 
different population densities and clones

T reatment Branching
height
(m)

No. of G irth  
branches

(cm)

Bark
thickness

(mm)

Leaf
area

(cm )

'̂ l "l 
RRII 105
4.87 m X 4.87 m 2.58 25.0 62.2 7.1 274.6

'̂ l ^2 

RRII 105
4.06 m X 4.06 m 2.90 23.7 59.6 6. 8 199.3

^  ^3 

RRII 105
3.48 m X 3.48 m 2.99 22.6 56.8 6.7 153.6

^2 ^1 

RRII 118
4.87 m X 4.87 m 2.77 24.0 64.7 7. 1 289.8

^̂ 2 ^2 

RRII 118
4.06 m  X 4.06 m 3.11 21.2 58.7 6.7 253.0

"2 ^3 

RRII 118
3.48 m X 3 .48 m 3.10 20.3 58.7 6.7 154.3

CD NS NS 4.5* NS NS

* Significant at 5% level ^  ■ '̂,.NS_ -  Not significant

O'- 1 -

 ̂ ‘ - ; a r y  ' it'

f r ^ o  I
' II



as, RRII 118 showed dense canopy in a ll  the three treatments.

4 . 3 .  Number of branches

The results obtained with regard to number of branches

(Ta b le  1) revealed that the number of branches increased with 

increase in spacing. A maximum of 24 branches were recorded by 

the va rie ty  RRII 105 with a spacing of 4.87 m x 4.87 m at a planting

density of 420 trees per hectare, where as, a minimum of 20.3 were

recorded by RRII 118 at a planting density of 824 trees per hectare 

with a spacing of 3.48 m x 3.48 m.

The above results of this study confirm the reports  by Edgar 

(1958) that increase in number of trees w il l  decrease the crown

size and spread of trees.
/

/

A.4. ^Irth  of trunk

The data with respect to g irth  of plants are furnished in

Table’ 1 and F ig .1 .  It could be observed from the table that there 

existed significant variation among different population densities 

in respect of trunk g ir th .  With increase in population density the 

g irth  of the plant decreased. The highest mean g irth  of 64.7 cm 

was recorded by RRII 118 at a population density of 420 plants 

per hectare which was significantly higher than a ll  other treatments.

The above results are in agreement with ea rlie r  studies 

conducted in th is  regard. The findings of Mani ^  (1979) confirm

this type of relationship in Hevea. S im i la r ly ,  Cherian (1990) has





also reported that despite s lig h t ly  better e a rlie r  growth in close 

spacings, the mean g irth  of plants at w ider spacing was higher 

during later stages of growth (10th y e a r ) .  He observed that plants 

under a population density of 48 trees/acre recorded . a g irth  of 

30.2" and 47.5" re spectively  during 10th and 21st year of planting 

which was about double of those at h igher density of planting with 

435 trees/acre.

4. 5 .  Bar;j(k thickness

With respect to bark thickness the general trend observed 

was that bark thickness decreased with increase in planting density.

The highest bark thickness of 7.1 mm was recorded by both 

/ the varieties RRII 105 and RRII 118 at a population density of 420 

p lan ts ''p er hectare with a spacing of 4.87 m x 4.87 m. The lowest 

bark thickness of 6 .7 mm was recorded by both varieties of RRII 

105 and RRII 118 at a high planting density of 824 trees per hectare. 

The same thickness of 6.7 mm was also recorded by RRII 118 at 

a medium density of 606 plants per hectare with a spacing of 

4.06 m X 4.05 m (Ta b le  1 ).

Webster and B aulk w ill  (1989) have also reported that in 

Malaysia the renewed bark at the closer spacing was not thick enough 

for tapping by the time when v irg in  bark was consumed and that 

the rate of bark renewal and thickness of v irg in  bark would be 

low. In respect of v irg in  bark , the observation made by the above 

workers is in confirmity with the result of the present investigations.



Though it is too early to obtain a conclusive result from the present 

studies regarding the rate of bark renewal and its  thickness, it 

can be remarked that the rate of bark renewal and thickness of 

renewed bark may be less in the case of high density planting.

4 . 6 .  Leaf area

The results of the data in Tab le  1 with regard to leaf area

at different planting densities and varieties revealed that the leaf

area decreased with increase in population density . The highest
2

leaf area of 289.8 cm was recorded by the va rie ty  RRII 118 at

a population density of 420 plants per hectare. The  lowest leaf
2

area of 153.6 cm was recorded by the va rie ty  of RRII 105 at a 

planting density of 824 plants per hectare.

The results agree with the reports by Edgar (1958) that 

increase in the number of trees would decrease the crown size 

and spread of trees.

4. 7 .  Percentage of weaklings

The data with regard to percentage of weaklings is furnished 

in Table  2 and depicted in F i g . 2. It  revealed that influence of p lant­

ing density on attainment of tapping stage was h ig h ly  significant. 

The percentage of weaklings increased with increase in population 

density. The highest weakling percentage of 35.8 was recorded by 

the population -density of. 824 trees per hectare w hich was s ig n if i ­

cantly superior to that of other lower population densities. The





Table 2. Percentage of weaklings and light, penetration as influenced 
by different population densities

T reatment Weaklings
(%)

Light
penetration

p/sBc/n^

10. 110.9 
(100 %)

A .06 m X A .06 m 18.A 33.08 
(30 %)

3.48 m X 3.48 m 35.8 22.5 
(20 %)

CD 8. A’-”'' 55. 5*

Significant at 5% level 
Significant at 1% level



planting density of 420 plants per hectare with a spacing of 4.87 m 

X 4.87 m had the lowest percentage of weaklings (1 0 .4 ) .

An experiment conducted in Malaysia by Buttery and Westgarth 

(1965) with planting densities ranging from 110 to 1074 trees per 

hectare revealed that 90 per cent plants in the density of 110 plants 

per hectare reached tapping stage three years after planting, where

as at 1074 plants per hectare 31 per cent remained untappable even
/

after 19 years of planting.

Another study conducted by Nair (1992) revealed that w herever 

normal spacing was adopted 40 per cent attained tapping stage by 

eighth year, 10 per cent recorded an average g irth  less than 45 cm 

and 50 per cent plants recorded 45 to 49 cm.

4.8.  L ig h t penetration

The data furnished in Table  2 revealed that there was s ig n i­

ficant influence of planting density on l ig h t penetration ( F i g . 3 ) .  The 

maximum light penetration, recorded was 110.9 micromole per second

per s q . metre at a planting density of 420 plants per hectare with 

a spacing of 4.87 m x 4.87 m which was significantly higher than

that of other population densities. The  lowest l ig h t  penetration

2
recorded was 22.5 micromole/sec/m at a planting density of 824

plants per hectare. The reduction in the photosynthetic active 

radiation was to the tune of 70 per cent and 80 per cent in the

case of population densities of 606 plants/ha and 824 plants/ha





respectively as compared to the lowest population density of A20 

plants/ha.

4. 9 .  Latex y ie ld  f>er tree

The results of the data on y ie ld  are furnished in Table  3.

Though not significant, the common trend observed was that the
/

/ per tree latex y ie ld  decreased with increase in planting density. 

The -highest per tree latex yie ld  of A1.87 ml was recorded by RRII 

105 at a planting density of 420 plants per hectare. The lowest

yie ld  of 25 ml was recorded by RRII 118 at a planting density of 

824 trees per hectare.

The results are in support of the report by Dijkman (1951)

who has reported that latex y ie ld  was linked with growth and p lant­

ing density.

4.10.  Latex y ie ld  per hectare

In respect of latex y ie ld  per hectare it  could be seen from 

Table 3 that the y ie ld  increased with increase in planting density . 

The highest per hectare latex y ie ld  of 23.081 was recorded by 

RRII 105 at a planting density of 824 plants per hectare. The lowest 

per hectare latex y ie ld  of 9.59[ was recorded by RRII 118 at a

planting density of 420 plants per hectare.

E a r lie r  studies in Malaysia showed that with increase in 

planting density annual yie ld  per hectare and cumulative y ie ld  per



Table 3. Latex yie ld  per tree and per hectare, d r c  and d ry  
rubber yie ld  per hectare as influenced by different population

densities and clones

T reatment Latex
yie ld /
tree
(m l)

Latex
yie ld/

ha
( 1 )

d rc  ( % ) Dry rubber 
yield/ha 

(kg)

/

RRII'105 
A . 87 m X 4.87 m 41.87 17.58 43.0 7.54

^  ^2 
RRII 105 
4.06 m X 4.06 m 37.70 22.84 40.8 9. 13

RRII 105 
3.48 m  X 3.48 m 27.92 23.08 37.0 8.53

^^2 " l  

RRII 118 
4.87 m X 4.87 m 26.10 9.59 44.5 4.26

^2 ^2 
RRII 118 
4.06 m X 4.06 m 25.56 15.52 39,0 6.05

^2 "3 
RRII 118 
3.48 m X 3.48 m 25.00 20.59 38.0 7.82

CD NS NS 2. 3** NS

** Significant at 1% level NS -  Not significant



hectare over a period of years was increased upto an optimum 

density (Webster and B a u lk w iil ,  1989).

4.11.  D ry  rub b e r content

The data on d ry  rubber content (Ta b le  3 and F ig .A )  showed
/

/that there existed h ig h ly  significant variation among treatments. 

The d ry  rubber content of A4,5 per cent recorded by RRII 118 with

a spacing of 4.87 m x 4.87 m was significantly superior to a ll  other 

population densities.

The above result was in confirmation with the findings of 

Dijkman (1951) who had reported that the rubber content decreased 

from wide planted trees to the dense planted trees.

4.12.  D ry  ru b b e r y ie ld  pe r hectare

The data furnished in Table  3 and F i g . 5 revealed that the

d ry  rubber y ie ld  per hectare increased with increase in planting 

density. However, with regard to RRII 105 the highest d ry  rubber 

y ie ld  of 9.13 kg was recorded by the medium planting density of 

606 plants per hectare with a spacing of 4.06 m x 4.06 m. The

lowest d ry  rubber yie ld  per hectare of 4.26 kg was recorded by 

RRII 118 at a planting density of 420 plants per hectare with a 

spacing of 4.87 m x 4.87 m.
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SUMMAHY AMn COMCLUr^lOl!

The present observations on the .vnriuence of different 

plonting densities on tlie performance of two clones namely fUMI 105 

and RRIl 118 are in confirmity with the results of other f l r ld
/

 ̂ experiments repot'ted e a r lie r .  In lower planting densities, trees 

produced good g ir th ,  tiigh y ie ld  per tree, thick v irg in  bark and

hjyh TLibber content. Whereas, high planting densities contii biited 

to poor tree g ir th ,  thin v irg in  bark and lower y ie ld  per tree.

However, planting density is dependent on various other factors 

v iz .  topography of the land, system of planting to be adopted, 

the planting materials, cost of labour and price of ru b b e r.  Anyw ay, 

a compromise between labour cost and rubber pr ice  is needed. As 

far as small holders are concerned, a higher stand per hectare 

is preferred , since the question of labour does not arise . Thetefore, 

for small holding sector a higher stand is recommended in ord er 

to get high per hectare y ie ld .  But there should be an optimum

stand. In Malaysia, for small holders having available  family labour, 

a planting density of approximately 7A0 trees per hectare is recom­

mended. However, indepth studies are required for a meaningful 

recommendation in our country.

Salient resullr.

The trees were ta ller in high density planting.



* The trees were more vigorous in low density planting. The tughest 

mean g irth  of 64.7 cm was recorded by RRII 118 at a population 

density of 420 plants/ha. The percentage of weaklings increased 

with increase in population. The  highest weakling percentage 

of 35.8 was recorded by the planting density of 824 plants per 

hectare.

* Poor bark growth in high density planting.

Per tree y ie ld  was more for low density planting whereas per 

hectare yield  was less. With regard to high density planting, 

per tree yie ld  was less and per hectare y ie ld  was more.

* Dry rubber content (d r c )  was more in low density planting. 

The highest percentage of 44.5 was recorded by RRII 118 at 

a planting density of 420 planf/ha.

* Light penetration was more in low density planting. The maximum
2

light penetration recorded was 110.0 micromole/sec/m at a density

of 420 plants per hectare.
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