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ABSTRACT 

 
The present study was supplement to a longer experiment to determine the feasibility of early commencement of 

tapping of two Hevea genotypes i.e. RRIC121 and RRISL 211. The main objective of this study was to develop 

a correlations between CO2 assimilation rates and other leaf gas exchange parameters of Hevea with reference to 

the commencement of tapping. Tapped and untapped trees of two Hevea genotypes, i.e. RRIC121 and RRISL 

211 at the same age were selected for the study. All cultural practices were performed according to the Rubber 

Research Institute of Sri Lanka. To evaluate the significance of differences between all possible pairs of 

treatment means, mean separation of treatments was performed with Duncan’s Multiple Range Test (DMRT). 

The strength of the relationships between yield and photosynthetic gas exchange parameters was estimated by 

linear correlation analysis. The leaf gas exchange parameters were measured under optimal environmental 

conditions clearly showed the intercellular CO2 concentration (Ci) gradually decrease with increasing light 

intensity in both clones. The same trend was observed in the different canopy layers under both tapping 

treatments. The highest leaf-air vapour pressure deficit (lvpd) was shown in the leaves of the upper canopy and 

lowest in the bottom canopy layer. Furthermore, the water use efficiency (WUE) of clone RRISL 211 was 

higher than that of clone RRIC 121 under tapping. This was primarily because of the greater photosynthetic 

rates of RRISL 211, rather than lower transpiration rates.When considering the correlation analysis of gas 

exchange parameters of Hevea, CO2 assimilation rate (A) had highly significant correlations with gs, Tr and 

intensity of PAR. However, the absence of a correlation between PAR and WUE showed that, when PAR 

increases both A and Tr increase in similar magnitudes. Therefore, WUE remains approximately constant. The 

presence or absence of correlations in gas exchange parameters of tapped and untapped treatments were broadly 

similar to the overall correlation analysis. In the tapped treatments, because of tapping, the photosynthetic rate is 

stimulated relative to the transpiration rate. The positive latex yield response to WUE and lvpd of top leaves 
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indicates that, in top leaves when lvpd increases transpiration also increases accordingly. Hence WUE and ivpd 

increase latex flow within the tree and finally increase the latex yield with increasing latex volume. On the other 

hand, latex yield has a negative correlation with gs. The study findings clearly revealed that, in top leaves 

reduced Ci increases the CO2 gradient and uptake of CO2 for more photosynthesis, which increases the latex 

yield. Faster utilization of absorbed Ci may enhance the yield potential. 
 

Keywords: Rubber; CO2 assimilation; correlation; gas exchange parameters; canopy layers; tapping. 
 

1. INTRODUCTION 

 
Rubber (Hevea brasiliensis) can be considered as an 

ideal crop for testing the relation of photosynthetic 

characteristics to yield, since a close link exists 

between the economic yield, i.e. latex and sucrose 

supply [1]. Thus, understanding the physiological and 

biological processes involved in canopy 

photosynthesis could help increase crop yield [2]. 

Rubber (Hevea brasiliensis Muell. Arg.) is “a latex 

producing species belonging to the family 

Euphorbiaceae. Natural rubber is biosynthesized 

initiating from the end product of the photosynthetic 

process of the rubber tree” [3]. “The rate of latex 

production in the latex vessels of Hevea has been 

related to the supply of sucrose from the adjacent 

sieve tubes [4]. This suggests that a close link exists 

between the CO2 assimilation capacity and the 

economically important component of the rubber tree” 

[1]. “The photosynthetic characters of leaves at 

different canopy positions are acclimatized to their 

own micro-environment. The major differences in 

photosynthetic activity in sun and shade adapted 

leaves within a canopy are correlated with differences 

in the concentration of the electron transport chain, 

photosystem activity and photosynthetic enzyme 

activity” [5]. “Therefore, it appears that canopy 

photosynthesis is naturally optimized by partitioning 

of photosynthetic capacity among the leaves with 

respect to natural light exposure. Thus gas exchange 

characters of a leaf from a particular canopy position 

cannot be considered necessarily to represent the 

photosynthetic characters of the entire canopy. Hence, 

estimating canopy photosynthesis has become an 

important aspect of plant productivity research” [2,5]. 

However for tree crops, a model that describes light 

attenuation within the canopy and the use of light 

response curves for leaves at different canopy 

positions to determine the CO2 assimilation potential 

may be the only practical alternative to estimate 

canopy photosynthesis. Studies on canopy 

photosynthesis and yield have shown a clear positive 

correlation between them [6]. “The variation of leaf 

photosynthetic characteristics with depth in the 

canopy is an important factor to consider in the 

prediction of canopy photosynthesis. The sum of the 

collective effect of all leaves must be obtained to 

predict the canopy light use” (Norman and Arkebauer, 

1991). 

2. MATERIALS AND METHODS 
 

2.1 Experimental Site and Plant Material 
 

The present study was supplement to a longer 

experiment to determine the feasibility of early 

commencement of tapping of two Hevea genotypes 

i.e. RRIC121 and RRISL 211.The experiment was 

conducted in the Dartonfield Estate at the Rubber 

Research Institute, Agalawatta, Sri Lanka, located in 

the agro ecological zone WL1.Two Hevea genotypes 

(mature trees of same girth) with contrasting yield 

potential, i.e. RRIC 121 and RRISL 211 were selected 

for the study. 

 

2.1.1 Experimental design and treatments 

 

Four tapped and four untapped trees of Hevea from 

each of the two genotypes were selected for the study. 

Trees tapped at ½ S d/3 + E, i.e. the highest yielding 

treatment, was selected for this study. 

 

Each day, leaflets were sampled from two trees 

(tapped and untapped) from each genotype and the 

following sequence was adopted to measure their gas 

exchange characteristics. Gas exchange measurements 

were made on twelve leaves on any given day. 

Sequence was reversed on the second day and 

measurements were taken on four days. 

 

Sequence for measurements of Amax of tapped (T) 

and untapped (UT) trees of clones RRISL 211 and 

RRIC 121 

 
1 RRISL 211 T/t 2 RRIC 121 T/t 

3 RRISL 211 UT/t 4 RRIC 121 UT/t 

5 RRISL 211 T/m 6 RRIC 121 T/m 

7 RRISL 211 UT/m 8 RRIC 121 UT/m 

9 RRISL 211 T/l 10 RRIC 121 T/l 

11 RRISL 211 UT/l 12 RRIC 121 UT/l 

T- tapped tree, UT-un-tapped tree, t- top strata of the canopy, 

m-middle strata of the canopy, l-lower strata of the canopy 

 

2.1.2 Protocol to use detached leaves for gas 

exchange measurements 

 

With the Portable Infrared Gas Analyzer, IRGA 

(Model LI – 6400, LICOR Inc., Lincoln, NE, USA), 

reaching the leaves of mature rubber canopy for the 

measurements of CO2 assimilation was extremely 
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difficult. According to Korpilathi [7], use of detached 

leaves in the measurements of CO2 assimilation 

affects the accuracy. However, similar photosynthetic 

rates in attached leaves of field grown trees and 

detached leaves have been reported [8,9,1]. 

 

2.1.3 Detached leaves for the gas exchange 

measurements 

 

The canopy of each tree was visually divided into 

three strata as top, middle and bottom. Then twigs 

were cut from each stratum with a sharp knife and 

immediately put into a bucket of water.Thereafter, the 

middle leaflet of a healthy, bright green, mature leaf 

was separated (about 2 cm above the leaf base) from 

the petiole using a sharp blade and it was cut across 

the lamina under water. A further cut was made very 

closely after 2 minutes to remove any latex coagulated 

at the cut end of the leaf lamina. Then they were 

immediately put into a small beaker with their cut 

ends dipped in water and were taken to the laboratory 

under an air tight container. The leaves sampled were 

kept for about two hours in controlled environment, 

i.e. at 30
o
C with low light ca.100  mol m-

2
 s-

1
. These 

detached leaves were used for gas exchange 

measurements as per the sequence described 

previously. 

 

2.2 Gas Exchange Measurements 
 

Using an open system, portable Infrared Gas 

Analyzer, IRGA (LI – 6400, LICOR Inc., Lincoln, 

NE, USA), CO2 uptake by leaves was measured at 

different light levels. An in-built artificial light 

source, 6400 – 02B Red/Blue (LICOR Inc., Lincoln, 

NE, USA), was used to provide the varying levels of 

incident PPFD. While taking the measurements of leaf 

photosynthesis, other related gas exchange 

parameters, i.e. transpiration rates (E), stomatal 

conductance (gs), intercellular CO2 concentration (Ci) 

and leaf temperature (T) were also recorded 

simultaneously. 

 

2.2.1 CO2 assimilation rate (A) 

 

Photosynthetic and transpiration rates were measured 

by the LI – 6400 system based on differences in the 

mole fraction of CO2 and H2O of the outlet (analysis 

cell) and inlet (reference cell) air streams flowing 

through the leaf cuvette. The net CO2 assimilation 

rate, A (mol m
-2

 s
-1

) is given by the formula given 

below [10]. 

 

A ={ F ( Cr – Cs ) / 100 S } – Cs E 

 

Where, F, Cr, Cs, S and E are respectively molar flow 

rate of air entering the leaf chamber (mol s
-1

), mole 

fraction of CO2 in the inlet of analysis cell (mol CO2 

mol
-1

 air), mole fraction of CO2 in the outlet of 

analysis cell leaf area (cm
2
) and transpiration (mol 

H2O m
-2

 s
-1

). 

 

2.2.2 Transpiration rate (E) 

 

The equation that the LI – 6400 uses for computing 

transpiration rate (E) is,  

 

   
            

                 
 

 

where 

 

F = flow rate (mol s
-1

) 

ws & wr = sample and reference water mole 

fractions (mmol H2O mol 
-1

 air) 

S = leaf area (cm
-2

) 

 

2.2.3 Stomatal conductance (gs) 

 

The equation that the LI – 6400 uses to compute 

stomatal conductance to water vapour (gsw) is, 

 

    
 

             
 

 

where, 

 

gbw = boundary layer conductance to water vapour 

(mol H2O m
-2

 s
-1

) from one side of the leaf 

gtw = total conductance to water vapour (mol H2O 

m
-2

 s
-1

)  

kf = stomatal ratio 

 

The stomatal conductance to water vapour (mol H2O 

m
-2

 s
-1

) is obtained from the total conductance by 

removing the contribution from the boundary layer. 

 

2.2.4 Intercellular CO2 concentration (Ci) 

 
The equation that the LI – 6400 uses for computing 

intercellular CO2 concentration (Ci), (mol CO2 mol
-1

 

air) is, 
 

   
                    

        
 

 

where, 
 

gtc = total conductance to CO2 
 

2.2.5 Water use efficiency (WUE) 
 

The CO2 and transpiration rates at saturating light 

levels were used in determining water use efficiency 

(WUE) as: 
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2.3 Data Analysis 
 

“Analysis of Variance (ANOVA) was carried out 

using the SAS (SAS Institute, Inc., Carry, NC, USA) 

statistical package. To evaluate the significance of 

differences between all possible pairs of treatment 

means, mean separation of treatments was performed 

with Duncan’s Multiple Range Test (DMRT). The 

strength of the relationships between yield and 

photosynthetic gas exchange parameters was 

estimated by linear correlation analysis” [11]. 
 

3. RESULTS 
 

3.1 Correlation between CO2 Assimilation 

Rates and Other Gas Exchange 

Parameters 
 

3.1.1 Correlation coefficients at the overall canopy 

level 
 

The CO2 assimilation rate (A) had highly significant 

correlations with gs, Tr and PAR. The CO2 

assimilation rate and Ci were significantly negatively 

correlated while WUE and A were highly 

significantly and positively correlated. WUE and gs 

had highly a significant negative correlation while Ci 

and WUE had highly significant negative correlation. 

Furthermore, WUE and lvpd had a highly significant 

positive correlation. PAR and Tr had a positive 

relationship while PAR and Ci had a negative 

relationship. lvpd and Tleaf had a strong positive 

correlation although there was no significant 

correlation between PAR and WUE (Table 1). 
 

3.1.1.1 Correlations between tapped and untapped 

treatments 
 

When correlation analysis was done separately for 

tapped and untapped treatments (Table 2), presence or 

absence of correlations between gas exchange 

parameters was broadly similar to the pattern showed 

in the overall correlation analysis. There were only 

few variations in the magnitude of the correlations 

between the two situations, i.e. tapped and untapped 

treatments. 
 

For example the correlation coefficient between A 

and gs was higher in the untapped treatment than in 

the tapped treatment. The same was observed for the 

correlations between A and Tr rates. There were 

strong significant correlations between lvpd and Tleaf 

of the tapped treatment than the untapped treatment 

while that between Ci and PAR was higher in the 

tapped treatment than in the untapped treatment. 

There was a significant positive correlation between 

PAR and Tleaf in the untapped treatment but no such 

correlation could be observed either in the tapped 

treatment or in the overall data set. In both tapped and 

untapped treatments, WUE and correlation 

coefficients of A, gs and Ci were similar to the pattern 

showed in the overall correlation analysis. In the 

tapped treatment, correlation coefficients of Tr, lvpd, 

Tleaf and PAR were similar to the pattern showed in 

the overall correlation analysis. On the other hand, in 

the untapped treatment correlation coefficients of 

those parameters showed the opposite pattern               

(Table 2). 

 

3.1.1.2 Correlations between latex yield and gas 

exchange parameters of different leaf layers 

of Hevea 

 

3.1.1.2.1 The top leaf layer 

 

When the overall data set (i.e. all combinations of 

clones, tapping treatments and replicates) is 

considered, latex yield showed positive correlations 

with WUE and lvpd of the top leaves. On the other 

hand, the overall latex yield was negatively correlated 

with gs and Ci. When only the tapped treatment was 

considered, latex yield was positively correlated with

 

Table 1. Linear Correlation coefficients between CO2 assimilation rate (A), stomatal conductance (gs), 

intercellular CO2 concentration (Ci), transpiration rate (Tr), leaf-air vapor pressure deficit (lvpd), leaf 

temperature (Tleaf), water use efficiency (WUE) and PARi for the overall data set 

 

 A Gs Ci Tr Lvpd Tleaf PARi WUE 

A - 0.37*** -0.62*** 0.33*** 0.12* 0.12* 0.72*** 0.27*** 

gs  - 0.24*** 0.92*** -0.12* 0.04
ns

 0.27*** -0.30*** 

Ci   - 0.20*** -0.23*** -0.20*** -0.35*** -0.42*** 

Tr    - 0.11* 0.08 
ns

 0.22*** -0.01 
ns

 

lvpd 

Tleaf 

PARi  

WUE 

    - 0.98*** 

- 

-0.04 ns 

-0.02 
ns

 

- 

0.95*** 

0.96*** 

0.08 
ns

 

- 
ns, non-significant at P = 0.05; *significant at P = 0.05; **significant at P = 0.01; ***significant at P = 0.001 
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Table 2. Linear Correlation coefficients between CO2 assimilation rate (A), stomatal conductance (gs), 

intercellular CO2 concentration (Ci), transpiration rate (Tr), leaf-air vapor pressure deficit (lvpd), leaf 

temperature (Tleaf), water use efficiency (WUE) and PARi of tapped treatment (above the diagonal) and 

untapped treatment (below the diagonal) 

 

A gs Ci Tr Lvpd Tleaf PARi WUE 

A - 0.18** -0.66*** 0.15* 0.17* 0.15* 0.72*** 0.29*** 

gs 0.58*** - 0.32*** 0.91*** -0.06 
ns

 -0.03 
ns

 0.28*** -0.36*** 

Ci -0.63*** 0.15* - 0.25*** -0.25** -0.21** -0.25*** -0.39*** 

Tr 0.55*** 0.94*** 0.13 
ns

 - 0.13 
ns

 0.09 
ns

 0.21** 0.02 
ns

 

lvpd -0.04 
ns

 -0.20** -0.12 
ns

 0.10 
ns

 - 0.99*** -0.06 
ns

 0.97*** 

Tleaf 0.11 
ns

 0.09 
ns

 -0.07 
ns

 0.12 
ns

 0.18* - -0.05 
ns

 0.98*** 

PARi 0.73*** 0.25** -0.64*** 0.24** 0.02 
ns

 0.26** - 0.02 
ns

 

WUE 0.52*** -0.23** -0.89*** -0.26** 0.01 
ns

 0.05 
ns

 0.59*** - 
ns, non-significant at P = 0.05; *significant at P = 0.05; **significant at P = 0.01; ***significant at P = 0.001 

 

Table 3. Linear correlation coefficients between latex yield and gas exchange parameters of the top leaf 

layer 

 

Gas exchange parameters Overall Tapped treatment RRISL 211 RRIC 121 

A 0.19 
ns

 0.39 
ns

 0.48 
ns

 -0.02 
ns

 

gs -0.34 
ns

 -0.15 
ns

 -0.26 
ns

 -0.47 
ns

 

Ci -0.26 
ns

 0.21 
ns

 -0.37 
ns

 -0.18 
ns

 

Tr -0.09 
ns

 0.17 
ns

 0.15 
ns

 -0.34 
ns

 

lvpd 0.32 
ns

 0.52 
ns

 0.42 
ns

 0.24 
ns

 

Tleaf 0.02 
ns

 0.18 
ns

 -0.06 
ns

 0.12 
ns

 

WUE 0.42 
ns

 -0.08 
ns

 0.46 
ns

 0.39 
ns

 
ns, non-significant at P = 0.05; *significant at P = 0.05; **significant at P = 0.01; ***significant at P = 0.001 

 

Table 4. Linear correlation coefficients for relationships between latex yield and gas exchange parameters 

of the middle leaf layer 

 

Gas exchange parameters Overall Tapped treatment RRISL 211 RRIC 121 

A 0.05 ns 0.49 ns 0.02 ns 0.23 ns 

gs 0.30 
ns

 0.36 
ns

 0.61 
ns

 -0.11 
ns

 

Ci 0.34 
ns

 0.61 
ns

 0.60 
ns

 0.01 
ns

 

Tr 0.33 
ns

 0.37 
ns

 0.65 
ns

 -0.06 
ns

 

lvpd -0.007 
ns

 -0.09 
ns

 -0.22 
ns

 0.24 
ns

 

Tleaf -0.03 
ns

 -0.11 
ns

 0.34 
ns

 -0.25 
ns

 

WUE -0.41 
ns

 -0.26 
ns

 -0.57 
ns

 -0.24 
ns

 
ns, non-significant at P = 0.05; *significant at P = 0.05; **significant at P = 0.01; ***significant at P = 0.001 

 

lvpd and photosynthetic rate of the top                                

leaves. On the other hand, there was no                             

significant correlation between latex yield                                 

and WUE. Within the clone RRISL 211,                                

latex yield was positively correlated with lvpd,                           

A and WUE of the top leaves while the latex                        

yield of RRISL 211, showed a negative                         

correlation with gs of the top leaves. In                           

contrast to RRISL 211, within the clone RRIC 121 

there was no significant correlation between latex 

yield and A of the top leaves. However, similar to 

RRISL 211, latex yield of RRIC 121 also showed 

positive correlations with WUE and lvpd and negative 

correlations with gs and transpiration rate of the top 

leaves (Table 3). 

3.1.1.1.2 The middle leaf layer 

 

In the middle canopy layer, a consistent and clear 

relationship could not be observed between latex yield 

and lvpd. In contrast to the situation in the top canopy 

layer, a positive correlation could be observed 

between latex yield and stomatal conductance in the 

middle leaves. The only exception to this trend was 

shown in RRIC 121. In contrast to the situation in top 

leaves, latex yield showed a consistent negative 

correlation with WUE in the middle leaves. 

Moreover, latex yield showed positive correlations 

with Ci of the middle leaves. The tapped treatment 

showed a positive correlation between latex yield and 

A in the middle leaves (Table 4). 
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Table 5. Linear correlation coefficients between latex yield and gas exchange parameters of the bottom 

leaf layer 

 

Photosynthetic parameter Overall Tapped treatment RRISL 211 RRIC 121 

A 0.41 
ns

 0.05 
ns

 0.66 
ns

 0.21 
ns

 

gs 0.48 
ns

 0.02 
ns

 0.76* 0.36 
ns

 

Ci 0.30 
ns

 -0.19 
ns

 0.39 
ns

 0.33 
ns

 

Tr 0.51* -0.007 
ns

 0.79* 0.40 
ns

 

lvpd -0.29 
ns

 0.15 
ns

 -0.51 
ns

 -0.15 
ns

 

Tleaf -0.14 
ns

 0.18 
ns

 -0.53 
ns

 -0.01 
ns

 

WUE -0.31 
ns

 0.03 
ns

 -0.47 
ns

 -0.30 
ns

 
ns, non-significant at P = 0.05; *significant at P = 0.05; **significant at P = 0.01; ***significant at P = 0.001 

  

3.1.1.1.3 The bottom leaf layer 

 

The correlations between latex yield and WUE, gs, Ci 

and lvpd were largely similar between bottom and 

middle layers. However, in contrast to the top and 

middle leaves, there was a negative correlation 

between latex yield and lvpd in the bottom leaves. In 

both clones, latex yield showed a positive correlation 

with A of the bottom leaves. The correlation 

coefficient between latex yield and A was greater in 

RRISL 211 than that in RRIC 121 (Table 5). 

 

4. DISCUSSION 

 
The study findings clearly revealed that the CO2 

assimilation rate (A) had highly significant 

correlations with gs, Tr and intensity of PAR (Table 

1). These correlations can be easily explained by the 

basic theories of gas exchange and photosynthetic 

light response. Increasing PAR triggers a chain of 

reactions with increased photosynthetic rates, which 

required greater stomatal opening (i.e. increased 

stomatal conductance) resulting, in turn, in greater 

transpiration rates. In general, lvpd and WUE have an 

inverse relationship. But in this study, when lvpd 

increased WUE also increased. This could have been 

due to the increase of Tleaf (with increasing lvpd), 

which probably promoted photosynthesis to a greater 

extent than transpiration. According to Kozlowzki 

(1975), plant dry matter production is dependent on 

the efficiency of water use of the crop. The negative 

response of WUE to gs indicated that when stomata 

partially close , the leaf transpiration rate decreases 

more than photosynthetic rate, thus increasing WUE. 

However, the absence of a correlation between PAR 

and WUE showed that, when PAR increases both A 

and Tr increase in similar magnitudes. Therefore, 

WUE remains approximately constant. The presence 

or absence of correlations in gas exchange parameters 

of tapped and untapped treatments were broadly 

similar to the overall correlation analysis. In the 

tapped treatment, because of tapping, the 

photosynthetic rate is stimulated relative to the 

transpiration rate. Samsuddin and Impens (1979) 

compared CO2 assimilation rates of four Hevea 

brasiliensis clones and concluded that although 

significant differences in yield potential exist, the CO2 

assimilation rates were comparable. They speculated 

that clonal differences in the cumulative carbon 

production of individual leaves, partitioning of 

assimilates towards the latex production and canopy 

architecture were the determinants of yield 

differences. Subsequent studies have shown 

significant positive correlations between yields and 

CO2 assimilation rates in clones with a higher 

partitioning of assimilates towards latex production 

(Samsuddin, 1979). According to Zeltich [6], canopy 

photosynthesis measured for several crops has shown 

a very weak correlation with yield.The positive latex 

yield response to WUE and lvpd of top leaves 

indicates that, in top leaves when lvpd increases 

transpiration also increases accordingly. To increase 

latex flow within the tree and finally increase the latex 

yield with increasing latex volume. On the other hand, 

latex yield has a negative correlation with gs. 

Increasing gs may cause excessive transpiration rates, 

which could lead to a reduction of photosynthesis due 

to water stress. The contribution from the middle 

canopy layer to overall canopy photosynthesis is less. 

Probably middle and bottom leaves rely more on the 

CO2 that is accumulating within the canopy. 

According to Chazdon and Fetcher [12], the internal 

leaf CO2 concentration was significantly higher in 

leaves developed under low light levels. This 

indicates that most of the CO2 entering the leaves was 

not being utilized for photosynthesis under such 

conditions. On the other hand, the top leaves rely on a 

CO2 supply from outside environment. Therefore, 

CO2 concentration gradient has to be higher for higher 

uptake from outside [13,14]. 

 

5. CONCLUSION 
 

In the tapped treatments, because of tapping, the 

photosynthetic rate is stimulated relative to the 

transpiration rate. The positive latex yield response to 

WUE and lvpd of top leaves indicates that, in top 

leaves when lvpd increases transpiration also 
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increases accordingly. Hence WUE and ivpd increase 

latex flow within the tree and finally increase the latex 

yield with increasing latex volume. On the other hand, 

latex yield has a negative correlation with gs. In top 

leaves reduced Ci increases the CO2 gradient and 

uptake of CO2 for more photosynthesis, which 

increases the latex yield. Therefore, the study findings 

revealed that, a clear positive correlation between CO2 

assimilation rates and the leaf gas exchange 

parameters of Hevea with reference to the 

exploitation. 
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