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Abstract  

Ethephon, a compound ethylene generator, is used to increase production of latex in Hevea brasiliensis. A 

previous study showed that in the PB 260 clone of Hevea brasiliensis, an active metabolic clone, intensive 

stimulation with Ethephon in downward tapping has a reduction effect on the production potential of trees in upward 

tapping. This study aims to show the impact of this intensive stimulation in downward tapping on production 

potential of trees in upward tapping of a moderate metabolism clone, GT 1, which supports better Ethephon 

stimulation. The assessment of this impact was made through analyses of changes in biochemical parameters of latex 

and rubber production. These analyses have shown that in GT 1 clone of Hevea brasiliensis, a moderate metabolism 

clone, 8 stimulations per year in downward tapping significantly lowered the production potential of trees in upward 

tapping. Stimulation in downward tapping from this frequency (8 stimulations per year) becomes a damaging factor 

to production in upward tapping. However, stimulation frequencies of less than 4 times a year do not valorize the 

production potential of this clone in downward tapping. Therefore, the stimulation frequency that ensures optimal 

production, both in downward and in upward tapping for Hevea brasiliensis GT 1 clone is between 4 and 8 

stimulations per year. 
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Introduction 

Ethephon or '2-chloro ethyl-phosphonic acid, an 

ethylene generator, is used to stimulate the production 

of latex in Hevea brasiliensis. This process, 

according to Jacob et al. (1983), Duan (2011) and 

Njukeng et al. (2011), extends the flow of latex and 

stimulates the metabolism  of  latex  cells  responsible  

 

for the regeneration of the latex. However, Chrestin, 

1985; Sivakumaran and Hardas, 1989; Sainoi and 

Sdoodee (2012) showed that its misuse has negative 

effects on the metabolism of the producing system of 

rubber trees in downward tapping. According to 

Eschbach et al. (1989), Okoma et al. (2011) in the 
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short to medium term, depending on the type of 

metabolic activity of the clone, the trees develop the 

tapping panel dryness (TPD), when the stimulation 

frequency is high.  

The direct consequence of this increase TPD rate 

is the decrease in plant production in downward 

tapping. However, the impact of this stimulant in 

downward tapping on the production potential of 

trees in upward tapping has been studied extensively 

in GT 1 clone of Hevea brasiliensis. Dian et al. 

(2016) showed that in the PB 260 clone of Hevea 

brasiliensis, an active metabolism clone, intensive 

stimulation with Ethephon in downward tapping has 

a damaging effect on the production potential of trees 

in upward tapping. The following study aims to 

analyze the impact of intensive stimulation in 

downward tapping on production potential of trees in 

upward tapping of GT 1 clone of Hevea brasiliensis 

which metabolism is moderate and supports better 

Ethephon stimulation (Elabo et al., 2012). 

Materials and Methods 

Plant material 

The plant material used in this study consists of 

GT 1 clone of Hevea brasiliensis, medium growth 

and of moderate metabolism. This clone was planted 

in the southwest of Ivory Coast on gravelly soils. The 

trees have been tapped at 6 years and 10 months after 

planting. 

Experimental device 

The experiment was performed using a 

completely randomized single shaft One tree plot 

design. All plots were planted at a spacing of 7 m 

between lines and 2.8 m on the lines to have a density 

of 510 trees/ha. To select the trees of the study, 

circumference measurements were made on all the 

trees of the field. After removal of boundary trees and 

neighboring trees of empty slots, 297 trees were 

selected according to the homogeneity of their 

circumference at 1 m above ground (circumferences 

between 50-55 cm). The selected trees were divided 

into 9 treatments for 33 repetitions per treatment. 

Tapping system 

Trees were opened at a height of 1.2 m from 

the ground and tapped from the 1st to the 9th year in 

half notched spiral downward every 4 days except 

sundays (S/2 d/4 6d/7). From the 10th year the trees 

were tapped in upward according to the quarter 

notched spiral system every 4 days except sundays 

(S/4 U d/4 6d/7). 

Stimulation 

Treatments of eight stimulation regimes were 

applied in downward tapping. The stimulations 

ranges were 2-78 stimulations per year. In upward 

tapping the frequency of 10 stimulations per year was 

applied to all the trees in the experiment. Zero 

stimulation a year treatment was the witness on the 

stimulation (Table 1). Stimulation was carried out on 

the panel just above regeneration of the tapping part. 

The product used is ELS 50 Double Red 5% 

Ethephon (ET) or 2-chloroethyl phosphonic acid 

which is the active ingredient. For downward 

tapping, the product was diluted to 2.5%, or a mixture 

of 1 weight water to 1 weight SLE 50 Double Red 

5%. In upward tapping, the product was used without 

dilution (5%). The amount of paste applied to each 

stimulating tree was 1 g. 

Data collected  

                 The collected data are: 4 latex biochemical  
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parameters, TPD percentage and latex production. 

Latex biochemical parameters 

Four major latex biochemical parameters 

indicators of metabolic activity were measured in 

November. They are the dry rubber content (DRC), 

sucrose content, thiols content, and inorganic 

phosphorus content. The determination of the DRC 

was made according to the method described by 

Eschbach et al. (1984). Sucrose, thiol groups and 

inorganic phosphorus contents were obtained, 

respectively according to Ashwel (1957), Boyne and 

Ellman (1972), Taussky and Shorr (1953). 

Tapping panel dryness percentage measurement 

The tapping panel dryness (TPD) percentage 

at each treatment was estimated from a dry notch 

length measure (DNLM). The DNLM is a visual 

assessment of the exudation of the latex at the 

indented area called notch. During the DNLM, trees 

are considered '' healthy '' when it exudes latex over 

the entire length of the notch after the tapping. They 

are scored zero (0). Others who do not exude any 

latex on a portion of the notch after tapping are 

considered disease trees and are rated from 1 to 6 

along the length of non-production of latex notch [1 

(1 to 19%), 2 (20 to 39%), 3 (40 to 59%), 4 (60 to 

79%) 5 (80 to 99%) and 6 (100%)]. The percentage 

of TPD was obtained by the following formula: 

 

Where, N represents the number of trees per 

treatment and the coefficients 0.1, 0.3, 0.5, 0.7, 0.9 

and 1 are the mean percentages of classes of non-

production notch length latex. The numbers n1, n2, 

n3, n4, n5 and n6 represent the number of trees 

observed by length class percentage of non-producing 

latex notch. As part of this study, a DNLM was made 

in November of each year on all living trees of 

experimentation and TPD percentage of each 

treatment was calculated year by year. 

Production 

The production of each treatment was obtained 

by weighing the shaft by shaft coagulated latex in 

polybags after 6 tapping. A fresh rubber processing 

coefficient (C) in dry rubber was determined for each 

treatment by the following formula: 

           

Where, FW represents the fresh weight of a sample of 

the coagulum, and DW is the weight of the same 

sample after draining and drying. The calculated 

coefficient for each treatments are multiplied by the 

total weight of fresh rubber after 6 taps for the 

monthly production in dry rubber of the treatment. 

This weight was estimated using the average by 

tapping and by dividing the total annual number of 

tapping (gram per tree by tapping (g/t/t)) to reduce 

the effect of the number of tapping. The cumulative 

productions for the current year were calculated. 

Statistical analysis 

Studied parameter values were subjected to a 

one-way ANOVA and different groups were 

identified using statistical Student-Newman-Keuils 

risk α = 5%. The statistical software used was the 

Statistical Package for Social Sciences (SPSS) 

version 17.0. TPD percentages proportions were 

transformed into Arc Sine Square Root (ASIN 

DNLM) to make normal distribution and stabilize 

variances (Dagnelie, 1994). 



 

Table 1. Treatments (Ethephon stimulation frequency) applied in downward tapping and upward tapping on GT 1 

clone of Hevea brasiliensis. 

Treatments  

Downward tapping years 1-9  Upward tapping year 10 

S/2 d4 6d/7 ET 2,5% 0/Y S/4U d4 6d/7 ET 5.0% 10/Y 

S/2 d4 6d/7 ET 2,5% 2/Y S/4U d4 6d/7 ET 5.0% 10/Y 

S/2 d4 6d/7 ET 2,5% 4/Y S/4U d4 6d/7 ET 5.0% 10/Y 

S/2 d4 6d/7 ET 2,5% 8/Y S/4U d4 6d/7 ET 5.0% 10/Y 

S/2 d4 6d/7 ET 2,5% 13/Y S/4U d4 6d/7 ET 5.0% 10/Y 

S/2 d4 6d/7 ET 2,5% 26/Y S/4U d4 6d/7 ET 5.0% 10/Y 

S/2 d4 6d/7 ET 2,5% 39/Y S/4U d4 6d/7 ET 5.0% 10/Y 

S/2 d4 6d/7 ET 2,5% 78/Y S/4U d4 6d/7 ET 5.0% 10/Y 

S/2 d4 6d/7 ET 2,5% 0/Y S/4U d4 6d/7 ET 5.0% 10/Y 

S/2 d/4 6d/7 ET 2.5 % 0 to 78/y: Half spiral downward tapped every 4 days except Sunday stimulated with 

2.5% Ethephon 0 to 78 times a year; S/4 U d/4 6d/7 ET 5 % 10/y: tapping ascending spiral quarter every 10 day 

except Sunday stimulated with 5% Ethephon 10 times a year 

Table 2. Evolution of latex biochemical parameters depending on the stimulation frequency on the last year (year 9) 

downward tapping in the GT 1 clone Hevea brasiliensis 

Treatments year 1 to 9  

 

Latex biochemical parameters year 9 Classification based on the level 

of the biochemical parameters TSC (%) SUC (mM) Pi (mM) R-SH (mM) 

S/2 d4 6d/7 ET 2,5% 0/Y 
52,13 a 15,94 a 22,96 a 0,61 a Groupe D1 

S/2 d4 6d/7 ET 2,5% 2/Y 51,05 a 13,62 ab 21,65 ab 0,59 a 

Groupe D2 

S/2 d4 6d/7 ET 2,5% 4/Y 52,72 a 13,27 ab 21,26 ab 0,60 a  

S/2 d4 6d/7 ET 2,5% 8/Y 52,91 a 14,18 ab 22,55 ab 0,53 ab 

Groupe D3 S/2 d4 6d/7 ET 2,5% 13/Y 51,69 a 11,80 ab 19,58 b 0,51 ab 

S/2 d4 6d/7 ET 2,5% 26/Y 51,19 a 12,68 ab 21,23 ab 0,54 ab 

S/2 d4 6d/7 ET 2,5% 39/Y 51,53 a 9,53 b 19,12 b 0,49 ab Groupe D4 

S/2 d4 6d/7 ET 2,5% 78/Y 47,52 b 12,43 ab 22,13 ab 0,37 b Groupe D5 

S/2 d/4 6d/7 ET 2.5 % 0 to 78/y: Half spiral downward tapped every 4 days except Sunday stimulated with 

2.5% Ethephon 0 to 78 times a year; DRC: Dry Rubber Content, Pi: inorganic Phosphorus, SUC: sucrose, R-SH: 

thiols groups, mM: millimolar; a, b: homogenous group according to the test of Newman and Keuil alfa risk of 5%, a 

> ab > b; D: downward tapping 
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Table 3. Evolution of biochemical parameters of latex clone GT 1 of Hevea brasiliensis in year 1 of upward tapping 

based on previous stimulation downward tapping 

Treatments  Latex biochemical parameters year 10 Classification based 

on the level of the 

biochemical 

parameters 

Previous downward 

tapping year 1-9  

Upward tapping  

year 10              
DRC 

(%) 

SAC 

(mM) 

Pi 

(mM) 

R-SH 

(mM) 

S/2 d4 6d/7 ET 2,5% 0/Y S/4U d4 6d/7 ET 5.0% 10/Y 47,0 a 22,3 a 12,1 a 0,77 a Groupe U1 

S/2 d4 6d/7 ET 2,5% 2/Y S/4U d4 6d/7 ET 5.0% 10/Y 46,1 a 21,5 ab 10,5 ab 0,66 b 
Groupe U2 

S/2 d4 6d/7 ET 2,5% 4/Y S/4U d4 6d/7 ET 5.0% 10/Y 47,4 a 20,3 b  10,3 ab  0,62 bc 
Groupe U3 

S/2 d4 6d/7 ET 2,5% 8/Y S/4U d4 6d/7 ET 5.0% 10/Y 46,8 a 17,9 bc 9,5 bc 0,62 bc 
Groupe U4 

S/2 d4 6d/7 ET 2,5% 13/Y S/4U d4 6d/7 ET 5.0% 10/Y 46,8 a 17,1 c 6,9 cd 0,51 cd 

Groupe U5 
S/2 d4 6d/7 ET 2,5% 26/Y S/4U d4 6d/7 ET 5.0% 10/Y 45,3 a 14,8 d 5,4 d 0,48 d 

S/2 d4 6d/7 ET 2,5% 39/Y S/4U d4 6d/7 ET 5.0% 10/Y 46,3 a 16,4 cd 5,8 d 0,53 cd 

S/2 d4 6d/7 ET 2,5% 78/Y S/4U d4 6d/7 ET 5.0% 10/Y 42,4 b 15,6 d 8,9 c 0,55 c Groupe U6 

S/2 d/4 6d/7 ET 2.5 % 0 to 78/y: Half spiral downward tapped every 4 days except Sunday stimulated with 

2.5% Ethephon 0 to 78 times a year; S/4 U d/4 6d/7 ET 5% 10/y: tapping ascending spiral quarter every 10 day 

except Sunday stimulated with 5% Ethephon 10 times a year; DRC: Dry Rubber Content, Pi: inorganic phosphorus, 

SUC: sucrose,   R-SH: thiols groups, mM: millimolar, a, b, c, d: homogeneous group according to the test of Newman 

and Keuil alfa risk of 5%, y: year. a > ab > b > bc > c > cd > d; U: Upward tapping 

Table 4. Evolution of tapping panel dryness (TPD) percentage depending to stimulation frequency on downward 

tapping and upward tapping in GT1 clone of Hevea brasiliensis 

Treatments downward 

tapping year 1-9 

TPD (%) 

year 9 

ASNSR(TPD) 

year 9 

Treatments upward 

tapping year 10 

TPD (%) 

year 10 

ASNSR(TPD) 

year 10 

S/2 d4 6d/7 ET 2,5% 0/Y 3 0.17 c S/4U d4 6d/7 ET 5.0% 10/Y 3 0.17 c 

S/2 d4 6d/7 ET 2,5% 2/Y 
5 0.22 bc S/4U d4 6d/7 ET 5.0% 10/Y 3 0.17 c 

S/2 d4 6d/7 ET 2,5% 4/Y 
6 0.25 bc S/4U d4 6d/7 ET 5.0% 10/Y 6 0.25 b 

S/2 d4 6d/7 ET 2,5% 8/Y 
7 0.26 bc S/4U d4 6d/7 ET 5.0% 10/Y 6 0.25 b 

S/2 d4 6d/7 ET 2,5% 13/Y 
5 0.22 bc S/4U d4 6d/7 ET 5.0% 10/Y 5 0.22 bc 

S/2 d4 6d/7 ET 2,5% 26/Y 
6 0.25 bc S/4U d4 6d/7 ET 5.0% 10/Y 6 0.25 b 

S/2 d4 6d/7 ET 2,5% 39/Y 
9 0,30 b S/4U d4 6d/7 ET 5.0% 10/Y 7 0.26 b 

S/2 d4 6d/7 ET 2,5% 78/Y 
17 0.42 a S/4U d4 6d/7 ET 5.0% 10/Y 15 0.40 a 

S/2 d/4 6d/7 ET 2.5 % 0 to 78/y: Half spiral downward tapped every 4 days except Sunday stimulated with 2.5% 

Ethephon 0 to 78 time a year; S/4 U d/4 6d/7 ET 5 % 10/y: tapping ascending spiral quarter every 10 day except 

Sunday stimulated with 5% Ethephon 10 time a year; TPD: Tapping Panel Dryness, ASNSR (TPD): Arc Sine Square 

Root TPD, a, b, c: homogeneous group according to the test of Newman and Keuil 5% risk Alfa; a > b > bc > c  
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Table 5. Evolution of latex production depending Ethephon stimulation frequency in downward tapping and upward 

tapping in GT 1 clone of Hevea brasiliensis 

Treatments year 1-9 Production year 1-9 Treatments Year 10 Production Year 10 

Downward tapping  g/t/t  g/t Cum. Upward tapping  g/t/t  g/t Cum.  

S/2 d4 6d/7 ET 2,5% 0/Y 73,0 a 29418 d S/4U d4 6d/7 ET 5.0% 10/Y 119,6 a 38626 cd 

S/2 d4 6d/7 ET 2,5% 2/Y 76,3 a 
35630 b S/4U d4 6d/7 ET 5.0% 10/Y 

123,5 a 
45380 ab 

S/2 d4 6d/7 ET 2,5% 4/Y 71,9 ab 
37406 a S/4U d4 6d/7 ET 5.0% 10/Y 

115,1 ab 
46101 a 

S/2 d4 6d/7 ET 2,5% 8/Y 69,0 b 
36647 ab S/4U d4 6d/7 ET 5.0% 10/Y 

108,1 b 
44970 b 

S/2 d4 6d/7 ET 2,5% 13/Y 62,6 bc 
34100 bc S/4U d4 6d/7 ET 5.0% 10/Y 

101,0 bc 
41878 bc 

S/2 d4 6d/7 ET 2,5% 26/Y 57,5 c 
34369 bc S/4U d4 6d/7 ET 5.0% 10/Y 

93,8 c 
41924 bc 

S/2 d4 6d/7 ET 2,5% 39/Y 53,4 cd 
32634 c S/4U d4 6d/7 ET 5.0% 10/Y 

89,1 cd 
39497 c 

S/2 d4 6d/7 ET 2,5% 78/Y 45,7 d 
28872 d S/4U d4 6d/7 ET 5.0% 10/Y 

70,6 d 
34304 d 

S/2 d/4 6d/7 ET 2.5 % 0 to 78/y: Half spiral downward tapped every 4 days except Sunday stimulated with 2.5% 

Ethephon 0 to 78 time a year; S/4 U d/4 6d/7 ET 5 % 10/y: tapping ascending spiral quarter every 10 day except 

Sunday stimulated with 5% Ethephon 10 time a year; 0 to 78/y: number of stimulation year, g/t/t: gram/tree/tapping, 

g/t.cum.: gram/tree cumulated; a, b, c, d: homogenous group according to the test of Newman and Keuil alfa risk of 

5%; a > ab > b > bc > c > cd >d 

Results 

The data analyzed were the biochemical 

parameters and TPD percentage concerning those of 

the last year in downward tapping (year 9) and those 

of the first year in upward tapping (year 10). For the 

production, in addition to data of these two years, the 

cumulative values of 9 and 10 years were analyzed as 

well. 

Latex biochemical parameters 

Biochemical parameters in downward tapping 

To assess changes in latex biochemical 

parameters according to the frequency stimulation 

during the last year of downward tapping, the 

Newman and Keuils test risk α = 5% was used. 

Results are presented in table 2. The dry rubber 

content (DRC) of latex treatment stimulated 0-39 

times a year are statistically equivalent and 

significantly higher than that of the treatment 

stimulated 78 times per year. Latex sugar (SUC) level 

unstimulated treatment (0/y) was significantly higher 

than those stimulated treatments, except the treatment 

stimulated 39 times which had a significantly lowest 

content of latex SUC level. The inorganic phosphorus 

(Pi) concentration in latex of unstimulated tree has a 

significantly highest value and stimulated treatments 

13 and 39 times a year have the lowest values of Pi. 

The Pi values of other treatments are equivalent and 

intermediate between the two first groups. 

Concerning the thiols (R-SH), there are three groups. 

A group consisting of stimulation treatments 0-4 

times a year whose content of R-SH is significantly 

higher, a group consisting of treatment stimulated 78 
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times a year whose content of R-SH is significantly 

lower and a group formed by stimulated treatments 8-

39 times a year whose R-SH latex rates are 

intermediate between the two extreme groups. 

Combined analysis of four biochemical parameters of 

the latex allows sorting treatment in 5 different 

groups depending on the level of the biochemical 

parameters of latex.  

The group D1 is represented by unstimulated 

treatment. The biochemical parameters are all at the 

highest level.  Group D2 is formed by the stimulated 

treatments 2 and 4 times a year. The values of the 

SUC and Pi of this group decreased compared to the 

group D1. The group D3 consists of stimulated 

treatment of 8 to 26 times a year. Its R-SH values are 

low compared to the first two groups. The group D4 

represented by the treatment stimulated 39 times per 

year has the lowest values of Pi and SUC. The group 

D5 is the treatment stimulated 78 times per year. It 

has the lowest levels of DRC and R-SH. 

Biochemical parameters in upward tapping 

In ascending tapping after harmonization of all 

treatments stimulation to 10 times a year (10/y), 

biochemical parameters of latex are as shown in table 

3. The dry rubber content (DRC) of latex remains 

similar and significantly higher for treatments 

stimulated 0-39 times a year and significantly low for 

treatments stimulated 78 times per year. The 

evolution of the DRC in the first year of upward 

tapping was similar to that of last year downward 

tapping. The DRC in upward tapping are generally 

lower than those observed in downward tapping. The 

concentration latex sugar (SUC), in upward tapping, 

is generally higher when the trees were less 

stimulated in downward tapping. Indeed, the SUC 

rate value is significantly higher for the treatment that 

was not stimulated in downward tapping while the 

lowest values are those treatments that were 

stimulated in downward tapping 26-78 times a year. 

The evolution of the concentration of SUC in upward 

tapping is different from that observed in the last 

year-downward tapping. The concentrations in latex 

SUC different treatments are very high in upward 

tapping compared to those observed in downward 

tapping. 

The Pi content of the latex drop significantly 

depending on the stimulation frequency of 0-39 

stimulations per year then saw a slight increase in the 

treatment stimulated 78 times per year. This trend is 

similar to that of the latex sugar content. This 

development is different from that observed in the 

last year downward tapping. The contents of Pi in 

treatment in upward tapping are very low compared 

to those treatments in downward tapping. At R-SH 

level, a significant drop from the treatment that has 

not been stimulated to the treatment stimulated 26 

times a year in downward tapping is observed. Then, 

a slight increase was observed between the treatments 

stimulated 39 and 78 times a year in downward 

tapping. 

When the four latex biochemical parameters are 

analyzed in combination, the 8 treatments can be 

divided into 6 groups depending on the level of 

biochemical parameters of latex during observations. 

The group U1 represent treatment that was not 

stimulated in downward tapping; all the biochemical 

parameters of latex are at the highest level. The group 

U2 consists of the treatment that was stimulated 2 
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times a year in downward tapping. For this group, 

SUC, Pi, and R-SH decreased compare to group U1. 

The group U3 consists of the treatment that was 

stimulated 4 times a year in downward tapping; the 

SUC and R-SH in this group declined compare to 

group U2. The group U4 consists of treatment 

stimulated 8 times a year; the SUC and Pi for this 

group decreased compare to that of group U3.  Group 

U5, consists of the treatments previously stimulated 

in downward tapping from 13 to 39 per year. Its SUC, 

Pi and R-SH values are the lowest. The group U6 

consists of treatment that has been stimulated 78 

times a year in downward tapping. For this group, 

SUC are as low as those of Group U4 and the DRC 

has the lowest value. 

Tapping panel dryness percentage:  Tapping panel 

dryness percentage in downward tapping 

Taping panel dryness (TPD) percentage in terms 

of the stimulation frequency in downward taping are 

reported in Table 4. Four treatments classes in terms 

of the percentage of TPD are distinguished. The first 

consists of the non-stimulated treatment; the TPD is 

significantly lower. The second class includes the 

treatments stimulated 2-26 times a year; the TPD rate 

is statistically equivalent and significantly higher than 

that of unstimulated treatment. The third class is 

formed by the treatment stimulated 39 times per year; 

its rate of TPD is much higher than those of the 

second class. The treatment stimulated 78 times a 

year is the fourth class. The percentage of TPD of this 

class is significantly the highest. 

TPD percentage in upward tapping 

The same table 4 shows the percentage of TPD 

in upward tapping based on the previous stimulation 

in downward taping. Three groups are distinguished. 

A group formed by stimulated treatments 0 and 2 

times a year whose percentage of TPD is significantly 

lower, a second group consisting of the treatments 

that received 4-39 stimulations per year in downward 

taping and whose TPD percentages statistically 

equivalent and average, and a group formed by the 

treatment that received 78 stimulations per year in 

downward tapping whose percentage of TPD is 

significantly highest. 

Production: Productions in downward tapping 

Trees production in downward tapping at the 

different treatments is presented in table 5. In year 9, 

last year in downward tapping, production values in 

grams per tree by tapping (g/t/t) stimulated treatments 

0-4 times a year are statistically equivalent and 

significantly the highest. Between treatment 

stimulated 8 times a year and treatment stimulated 78 

times per year, g/t/t is inversely proportional to the 

stimulation frequency. The differences between the 

g/t/t of these treatments are significant. The lowest 

value of g/t/t is that of the treatment stimulated 78 

times per year. 

The cumulative production (g/a cum.) over 9 

years in downward bleeding increases the 

unstimulated treatment and peaked significantly in 

the treatment stimulated 4 times a year and then falls 

to its minimum value at treatment stimulated 78 times 

per year. 

Productions in upward tapping 

Evolution of production in upward tapping in 

terms of the previous stimulation in downward 

tapping is presented in table 5. In upward tapping 

with the application of a stimulation frequency of 10 
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times a year to all treatments, the values of g/t/t 

treatments who received stimulations 0 and 2 a year 

in downward tapping are statistically equivalent and 

significantly higher than the other treatments. For the 

previous stimulation in downward tapping 4 times 

per year, the production decreases in terms of the 

previous stimulation in downward tapping. This 

decline is significant from one treatment to another. 

The lower g/t/t is the treatment that has a previous 

stimulation in downward tapping 78 times a year. The 

values of g/t/t in upward tapping are generally higher 

than those of the downward tapping. In terms of g/t 

cum. over 10 years, it is the treatment that has a 

previous stimulation in downward tapping 4 times 

per year that has a value significantly higher whiles 

the lower value is the treatment that has been 

stimulated 78 times per year. From treatment that has 

previous stimulation 4 times a year to that with a 

previous stimulated 78 times a year, cumulative 

production is inversely proportional to the stimulation 

frequency in downward tapping. 

Discussion 

This study shows that in GT 1 clone of Hevea 

brasiliensis of moderate metabolism, the level of 

biochemical parameters of latex and indicators of the 

metabolic state of latex cells all vary depending on 

the stimulation frequency in downward tapping. 

When the trees are subject to a stimulation frequency 

gradient from 0 to 78 times a year, the last year of 

downward bleeding, we found 5 different groups 

depending on the indicators level of the metabolic 

state of latex cells. Each group represents a different 

metabolic state. According to Jacob et al. (1988), 

(1989) and (1995), group 1D consisting of non-

stimulated treatment in which the biochemical 

parameters are all at the highest level, has an 

excellent metabolism in the 9th year tapping. Group 

2D, formed by the treatments stimulated 2 and 4 

times a year which the SUC and Pi values went down 

compared to non-stimulated treatment but with high 

R-SH values, indicating that they are not stressed, the 

metabolism latex cells trees is good.  

Group 3D, consisting of the treatments 

stimulated 8 to 26 times a year, has an average 

metabolism with a declining R-SH value compared to 

the first two groups. The  group 4D, represented by 

the treatment stimulated 39 times per year, has a poor 

metabolism compare to the low values of the SUC, 

the raw material for the biosynthesis of cis-

polyisoprene, Pi, reflect of the biochemical energy for 

biosynthesis cis polyisoprene and R-SH which all felt 

below the threshold value of 0.5 mM (Dian et al., 

1999). The treatment stimulated 78 times per year 

which is group 5D, has poor metabolic activity of 

latex cells with very low levels of the DRC and R-

SH, indicating that the biosynthesis of rubber was 

very affected. It is therefore observed that the 

metabolic activity of latex cells deteriorates 

progressively as one increases the stimulation 

frequency of the trees in this study in south-western 

Côte d'Ivoire, on gravelly soils. Similar results were 

reported by Traoré et al. (2011) on Southeastern 

Tertiary sands dominated soils of Ivory Coast, in the 

same clone. This behavior is unique to clone GT 1 

and is not related to the soil. 

Production data during the last year-downward 

tapping shows that g/t/t is maximal when the trees are 

stimulated by 0 to 4 per year and beyond. The 



Dian et al., 2016 

www.currentsciencejournal.info 

production is even lower when the annual stimulation 

frequency is high. The trend in production is 

consistent with the state of the metabolism of latex 

cells conferred by the stimulation frequency groups 

when the trees are tapped downward as highlighted 

by Eschbach et al. (1984). The changing g/t cum., 

over the duration of the downward tapping (9 years), 

shows that the highest value is observed in the trees 

that were tapped 4 times a year. Taking into account 

the changing g/t cum., the biochemical parameters, 

the optimum stimulation frequency in downward 

tapping in this clone is between 4 and 8 stimulations 

per year. Similar results were reported by Lacote et 

al. (2010). The clone GT 1 which has a moderate 

metabolic activity (Gohet, 1996; Elabo et al., 2012) 

can bear a little more stimulation in downward 

tapping compare to the  PB clone 260 in which 4 

stimulations and beyond per year, the metabolism is 

in over harvesting regime mode(Dian et al., 2016). 

The low values of g/t cum observed at the treatment 

stimulated 0 and 2 times per year indicate that trees 

of these treatments were understaffed operating 

system before the 9th year of tapping. This is what 

explains the level of metabolic activity of these great 

treatments. 

In this study, the GT 1 clone in downward 

tapping, the rate of TPD does not properly reflects 

changes in the state of metabolism latex cells in terms 

of   the frequency of stimulation unlike the PB 260 

clone of Hevea brasiliensis in which a gradual 

increase in the rate of TPD was observed from 8 to 26 

stimulations per year (Dian et al., 2016). However, it 

is indicative of malfunction of latex cells when trees 

are stimulated 39 and 78 per year. According Okoma 

et al. (2009); Obouayeba et al. (2011); Elabo et al. 

(2012), the GT 1 clone has a rather moderate 

sensitivity to TPD compare to clone PB 260. 

When the trees are upward tapped with a 

standardized stimulation 10 times a year, the level of 

biochemical parameters of latex distinguishes 6 

metabolic states based on the previous stimulation in 

downward tapping. The metabolic state of the trees 

that were not stimulated in downward tapping is 

considered excellent in upward tapping. Those of the 

trees stimulated 2 and 4 times per year in downward 

tapping are called good and good-enough 

respectively. An average metabolic state is observed 

in the trees that were previously stimulated 8 times a 

year in downward tapping. The metabolism of latex 

cells trees that received 13-39 stimulations per year in 

downward tapping is weak in upward tapping. In 

trees that received 78 stimulations per year in 

downward tapping, the metabolic state of latex cells 

is bad in upward tapping. Therefore it appears that in 

upward tapping, metabolism latex cells trees is 

particularly favorable to the production of latex of 

trees that were slightly stimulated in  downward 

tapping. 

The evolution of production in g/t/t in upward 

tapping with a standardized stimulation 10 times a 

year is also influenced by the previous stimulation in 

downward tapping. Indeed, beyond previous 

stimulation 2 times a year in downward tapping, 

production in g/t/t in upward tapping is inversely 

proportional to the frequency of stimulation received 

by trees in downward tapping. This trend in 

production is consistent with the change in the state 

of trees latex cells metabolism in upward tapping 
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based on the previous stimulation in downward 

tapping. In the GT 1 clone of Hevea brasiliensis, 

stimulation of the trees in downward tapping has an 

impact on the production potential in upward tapping. 

The production potential of trees that are not 

stimulated or stimulated 2 and 4 times a year in 

downward tapping is better in upward tapping than 

those stimulated beyond 8 times a year in downward 

tapping as observed in PB 260 clone by Dian et al. 

(2016). 

However, cumulatively over 10 years of 

production, it is the trees that were stimulated 4 times 

a year in downward tapping that present the highest 

level, and significantly in upward tapping. The trees 

that were not stimulated or have received two 

stimulations per year in downward tapping have a g/t 

cum over 10 years significantly lower than those who 

received 4 stimulations per year in downward 

tapping. The GT 1 clone therefore needs a minimum 

of stimulation to optimize production in both upward 

and downward tappings. 

Conclusion 

This study showed that in the GT 1 clone of 

Hevea brasiliensis, a moderate metabolism clone, 

from 8 stimulations per year, in downward tapping, 

the production potential of trees in upward tapping is 

significantly lower. Stimulation in downward tapping 

from this frequency becomes a damaging factor to 

production in upward tapping. However, stimulation 

frequencies of less than 4 times a year do not value 

the potential of this clone in downward tapping. The 

stimulation frequency which helps to ensure optimum 

production in both downward and upward tappings of 

the GT 1 clone of Hevea brasiliensis is between 4 

and 8 stimulations per year. 
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