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Abstract: The quest for greater return on investment at short time is a recurring concern of the rubber industry. Early reverse 

tapping could be an option to this concern. It is therefore to verify this hypothesis that five different stages of initiation of 

upward tapping, 6
th

, 7
th

, 8
th

, 9
th

 year and the control in 10
th

 year, with application of 2.5 and 5% ethephon was conducted for 

eight years in the South-East (Bettié) and the Centre-West (Gagnoa) of Côte d'Ivoire. Irrespective of the ethephon 

concentration used, average yield obtained from upward tapping at 6
th

 year was 3012 ± 516 kg ha
-1

 y
-1

 against 2528 kg ha
-1

 y
-1

 

in the control, where controlled upward tapping started at 10
th

 year with a productivity gain of 19%. The mean annual increase 

in circumference in the upward tapped trees at 6
th

 year, was 3.02 ± 0.18 cm y
-1

 and statistically higher than that of the control 

treatment (2.40 cm y
-1

). Physiological profiles improved during the experiment, regardless of site and of periods of upward 

tapping. Generally, the sensitivity to panel dryness in the control is more pronounced than that of early upward tapping. Our 

results suggest very early upward tapping at 6
th

 year after the 5 years of downward tapping, is the best period to harvest latex 

from the high tapping panel. 

Keywords: Early Upward Tapping, Rubber Productivity, Radial Vegetative Growth, Physiological Profile,  

Panel Dryness Sensitivity 

 

1. Introduction 

In the natural rubber growing region of Africa, the 

management of rubber plantation is carried out according to 

the tapping panel management standard scheme [1]. It 

consists of latex harvesting on the downward panels (BO) 

and upward panels (HO). Downward tapping is by far the 

most used and is practiced, in most cases, over the first nine 

years of tapping, followed by upward tapping, which does 

not take place until the tenth year of operation. This scheme 

was used for more than 40 years in agro-industrial 

plantations and introduced to smallholder’s plantations, after 

been successfully tested since 2000 [2]. Despite its efficiency 

and high utilization, the current trend is to improve rubber 

productivity in order to increase revenues. Also, the 

producers prefer latex harvesting systems yielding a greater 

return on investment in a shorter time period. From this point 

of view, it is conceivable to propose a tapping itinerary 

shortening the tapping period. However, the rubber 

productivity performance of upward tapping is well known 

and upward tapping is much more productive with an output 
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at least 25% higher than downward tapping [2]. The 

perspective of reducing the downward tapping is conceivable 

and downward tapping for four years was sufficient to 

practice upward tapping from the 5
th

 year the onwards [3, 4]. 

However, the study indicated that the tapping treatment of 

four of downward half-spiral followed by upward half-spiral 

showed a high rate of TPD. This revealed that most 

productive systems, especially the earliest applied upward 

tapping, further weaken the rubber trees [5, 6] and exacerbate 

their sensitivity to TPD. The feasibility of upward tapping 

from the fourth year of semi-spiral downward tapping (early 

upward tapping relative to the current tapping panel 

management standard; [1]), is investigated by reducing the 

bark panel length to quarter of a spiral to avoid 

overexploitation of trees [7]. To achieve this upward tapping 

after increasing periods of downward tapping was conducted 

at two sites in South-East and Central-West of Côte d'Ivoire, 

for eight years. This communication reports the results of the 

study on the feasibility of early upward tapping and defines 

the best stage to initiate upward tapping. 

2. Experimental 

2.1. Plant Material 

Clone GT 1 of Hevea brasiliensis belonging to the 

moderate metabolic activity class was utilised for this study. 

Its growth is moderate before tapping starts [8, 9]. 

Homogeneity of GT 1 plantations compensate the low yield 

resulted due to low productivity level of trees. This clone 

shows an average sensitivity to tapping panel dryness and 

resistance to breakage due to wind. Except for low inorganic 

phosphorus content, which reflects an average metabolism, 

its physiological characteristics are all favourable to the 

production of rubber. 

2.2. Experimental Design 

The experiment, conducted in smallholder’s plantations 

during eight years (from October 2006 to October 2014), was 

carried out in Gagnoa (Central-West) and Bettié (South-East) 

of Côte d’Ivoire. Average temperature was 26.3°C at Bettié 

and 26.2°C at Gagnoa. Average rainfall was 1300 mm and 

1384 mm, respectively at Bettié and Gagnoa [10, 11]. At 

Bettié, as well as, Gagnoa, soils are highly desaturated and 

gravelly ferralitic [12]. Fisher's experimental blocking design 

included 9 treatments and 4 replicates were used for the 

experiment. At Bettié, the planting density was 555 trees per 

hectare (6 m x 3 m) and it was 4.75 m x 4.75 m at Gagnoa 

with an initial density of 443 trees per hectare. Both fields 

were planted in 1994 and tapping started in 2000 to 2001. At 

the start of this study, the trees were in the 5
th

 year of 

downward tapping on panel A. The choice of these parcels 

and trees was made on the basis of: 

1) the homogeneity of their circumference (≥ 55 cm), after 

elimination of the border trees; 

2) the homogeneity of their unstimulated production 

(yield) tree by tree, in anterior downward tapping, 

carried out with 2 to 3 coagulum corresponding to the 

number of tapping, after study of the physiological 

parameters of the latex; 

3) the homogeneity of the history of downward tapping 

since 5 years; 

4) density of trees tapping ≥ 400 ha
-1

 

5) the opening or tapping was done at a height of 1.40 m 

from the ground, for upward tapping treatments in 

accordance with the established protocol. 

The plots consisted of 20 trees selected on the basis of 

their uniformity of circumference and productivity. 

2.3. Treatments 

The trial started in the sixth year (2006-2007) and ended in 

year 13
th
 (2013-2014), i.e. 8 years. A total of nine treatments (A, 

B, C, D, E, F, G, H and J or control) were used. The trees were 

stimulated on the tapping panel by applying 1 g of ethrel paste 

per tree, as a 1 cm wide strip [13]. The stimulating paste used 

was obtained by mixing Ethrel and palm oil. Ethrel contains 2.5 

or 5% of active ingredient (m.a) which is chloro-2-ethyl 

phosphonic acid or ethephon. The stimulation frequencies were 

6 to 13 per year (6-13 y
-1
) according to the treatments: 

A: Upward tapping at 6
th

 year (Downward tapping up to 

5
th

 year), ET 5% Pa1(1) 13 y
-1

 

B: Upward tapping at 6
th

 year (Downward tapping up to 5
th

 

year), ET 2.5% Pa1(1) 6-13 y
-1

 

1) 1
st
 year of upward tapping ET 2.5% Pa1(1) 6 y

-1
 

2) 2
nd

 year of upward tapping ET 2.5% Pa1(1) 8 y
-1

 

3) 3
rd

 year of upward tapping ET 2.5% Pa1(1) 10 y
-1

 

4) 4
th

 year of upward tapping ET 2.5% Pa1(1) 12 y
-1

 

5) 5
th
 year of upward tapping and after ET 5% Pa1(1) 13 y

-1
 

C: Upward tapping at 7
th

 year (Downward tapping up to 6
th

 

year), ET 5% Pa1(1) 13 y
-1

 

D: Upward tapping at 7
th

 year (Downward tapping up to 

6
th

 year), ET 2.5% Pa1(1) 6-13 y
-1

 

1) 1
rst

 year of upward tapping ET 2.5% Pa1(1) 6 y
-1

 

2) 2
nd

 year of upward tapping ET 2.5% Pa1(1) 8 y
-1

 

3) 3
rd

 year of upward tapping ET 2.5% Pa1(1) 10 y
-1

 

4) 4
th
 year of upward tapping and after ET 5% Pa1(1) 13 y

-1
 

E: Upward tapping at 8
th

 year (Downward tapping up to 7
th

 

year), ET Pa1(1) 11 y
-1

 

F: Upward tapping at 8
th

 year (Downward tapping up to 7
th

 

year), ET 2.5% Pa1(1) 8-13 y
-1

 

1) 1
rst

 year of upward tapping ET 2.5% Pa1(1) 8 y
-1

 

2) 2
nd

 year of upward tapping ET 2.5% Pa1(1) 10 y
-1

 

3) 3
rd

 year of upward tapping and after ET 5% Pa1(1) 13 y
-1

 

G: Upward tapping at 9
th

 year (Downward tapping up to 

8
th

 year), ET Pa1(1) 11 y
-1

 

H: Upward tapping at 9
th

 year (Downward tapping up to 

8
th

 year), ET 2.5% Pa1(1) 6-11 y
-1

 

1) 1
rst

 year of upward tapping ET 2.5% Pa1(1) 10 y
-1

 

2) 2
nd

 year of upward tapping and after ET 5% Pa1(1) 13 y
-1

 

J: Control, classic upward tapping at 10
th

 year (downward 

tapping up to 9
th

 year), ET Pa1(1) 11 y
-1

 

The scheme of panel tapping of the various treatments 

tested is illustrated in the Figures 1, 2, 3, 4 and 5. 
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2.4. Measurement of Rubber Yield 

Rubber yield under each treatment was weighed every 4 

weeks using a scale [4]. Samples of fresh rubber were collected 

for each treatment to determine the Coefficient of 

Transformation (CT), which is the percentage of dry matter in a 

given rubber sample, which was used to calculate the production 

of dry rubber expressed in grams per tree per tapping (g t
-1
 t

-1
) 

and in kilograms per hectare per year (kg ha
-1 

y
-1

). 

2.5. Measurement Radial Vegetative Growth 

Vegetative growth in terms of the thickness of the rubber tree 

trunk was assessed from circumference measurements at 1.70 m 

above the ground, using a measuring tape. These measurements 

were made at the start of the trial and then, once a year, during 

the last quarter of the period of normal metabolic activity of the 

rubber trees (October to December). Indeed, this period just 

before the onset of natural defoliation (January to February), 

coincides with a very low growth of rubber trees. 

The girth increment (Gi) was determined by the following 

relation: 

Gi (cm year
-1

) = Gn - Gn-1.                    (1) 

Where Gn is the mean girth of trees in the year n and Gn-1, 

the mean girth of trees in the year n-1. 

 
Figure 1. Treatments A and B. 

 
Figure 2. Treatments C and D.  

NB. The years highlighted in red are those corresponding to the early 

upward tapping. 

 
Figure 3. Treatments E and F.  

 
Figure 4. Treatments G and H.  

NB. The years highlighted in bold are those corresponding to the 

conventional upward tapping. 

2.6. Measurement of Dry Rubber Content 

The dry rubber content (DRC) was determined by 

weighing a sample of 1 ml of latex before and after drying in 

oven at 80°C for 24 h using the following formula: 

DRC (%) = D.W. x F.W.
-1

 x 100                  (2) 

D.W.: Weight of dry latex; 

F.W.: Weight of fresh latex. 

2.7. Physiological Parameters 

Sucrose, inorganic phosphorus and reduced thiol groups 
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were measured out on the clear serum called serum-TCA 

(trichloroacetic acid), obtained after acid coagulation of latex 

(harvested from the trees selected in the elementary plot). 1 

ml of latex was added to 9 ml 2.5% TCA. The serum 

contained in the coagulated rubber was expressed using a 

glass rod. The serum obtained was then filtered with glass 

wool to eliminate the bulk of impurities, such as rubber 

particles remaining in suspension. The results were expressed 

in millimoles per litre of latex (mmol l
-1

) from the 

coefficients of the calibration ranges. 

Sucrose content: Sucrose was measured by the Ashwell 

anthrone method. In the presence of concentrated acid, 

hexoses are dehydrated to give furfural which reacts with 

anthrone giving a blue-green color. A volume of 100 µl of 

serum was added to 400 µl of 2.5% TCA and 3 ml of 

anthrone reagent was added. The solution was immersed 

in a double boiler for 5 min. After cooling, absorbance 

was read at a wavelength of 627 nm and compared to the 

control (0.5 ml of 2.5% TCA + 3 ml of anthrone reagent). 

Sucrose represents almost all the sugar of the latex and the 

sugar content was expressed as the concentration of 

sucrose. 

Inorganic phosphorus: The inorganic Phosphorus (Pi) 

was measured by the method of Taussky and Shorr [14], 

using ammonium molybdate. Phosphorus is complexed by 

an excess of ammonium molybdate and the complex 

formed is then reduced by ferrous sulphate, giving a blue 

colour. To a volume of 0.5 ml serum were added 1 ml of 

2.5% TCA and 3 ml of the reagent. After cooling, 

absorbance was read at a wavelength of 410 nm and 

compared with the control (0.5 ml of distilled water + 1 

ml 2.5% TCA + 3 ml of reagent). 

Thiol compounds: The thiol compounds (R-SH) were 

measured according to the method of Boyne and Ellman 

[15], using acid dinitro-2,2'-dithio-5-5'-dibenzoic or 

DTNB. The compounds R-SH reacts with DTNB to give 

TNB which strongly absorbs at the wavelength of 410 nm 

(reaction of Ellman) and the TNB is formed in the buffer 

(yellow colour). To a volume of 1.5 ml serum were added 

50 µl of DTNB and 1 ml of Tris of 0.5 M. After shaking, 

absorbance was read at a wavelength of 410 nm and 

compared with the control (1.5 ml 2.5% TCA + 50 µl of 

DTNB + 1 ml of 0.5 M Tris). 

2.8. Visual Estimation of the Panel Dryness 

The quick measurement method of tapping panel 

dryness was done by visual assessment. The trees were 

scored on a 0-6 scale based on the progress of panel 

dryness as follows: 

0: Safe panel, normal flow of latex all over the whole length; 

1: Tapping panel dryness over 1 to 20% of the length (n1); 

2: Tapping panel dryness over 21 to 40% of the length 

(less than a half) (n2); 

3: Tapping panel dryness over 41 to 60% of the length 

(half of the length) (n3); 

4: Tapping panel dryness over 61 to 80% of the length 

(more than a half) (n4); 

5: Tapping panel dryness over 81 to 100% of the length 

(nearly all the panel is dry) (n5); 

6: Tree tapped but not producing latex, tapping will be 

stopped(n6). 

For each plot, the exact count of the condition of trees was 

made. The percentage of total dry cut (% D.C.) for each 

treatment was calculated as follows: 

D.C. (%) = (0.1n1 + 0.3n2 + 0.5n3 + 0.7n4 + 0.9n5 + n6 + DT) x N 
-1 (3) 

With: N: Total number of trees; ni: Number of trees per 

class of tapping panel dryness; DT: Number of trees which 

tapping has been already stopped because of total tapping 

panel dryness (Dry Trees). The coefficients 0.1, 0.3, 0.5, 0.7, 

0.9 and 1 were defined as the average percentage of tapping 

panel dryness of the class considered. For each treatment, the 

percentage of trees completely dry (TPD) was determined by 

the following relation: 

TPD (%) = (n6 + DT) x N
-1

               (4) 

2.9. Statistical Analysis 

The rubber production, plant growth and the latex analysis 

data were subjected to analysis of variance using statistics 

software Statistica 7.1. The level of significance of the 

differences between averages was estimated by the Newman-

Keuls test at 5% probability level. 

3. Results 

3.1. Dry Rubber Production 

Average dry rubber production expressed in grams per 

tree per tapping (g t
-1 

t
-1

) is reported in Table 1. The 

productivity of trees, at all sites, is in acceptable level (from 

60.37 to 72.81 g t
-1 

t
-1

). Early upward tapping, even in very 

early years of tapping i.e. at 6 years (A: 5% and B: 2.5%) 

was significantly more productive (71.69 to 72.81 g t
-1

 t
-1

) 

than classic upward tapping (control J, 60.37 g/t/t) over the 

8 years of experimentation. At the same time, rubber 

production expressed in kilograms per hectare per year (kg 

ha
-1 

y
-1

) and production gain as a function of the control 

treatment (classic upward tapping: 10 years, J) are 

presented in Table 2. The results illustrated in this table 

show that the average values of the rubber production of the 

treatments of the early upward tapping at 6, 7, 8 and 9 years 

statistically less different to each other and differ from the 

control treatment (J), classic upward tapping at 10 years. 

However, combined results of early upward tapping (5% A 

and 2.5% B treatments) in all sites, seems to be more 

interesting with 18 to 20% gain, with the upward tapping 

practiced from the 6
th

 year of upward tapping than upward 

to tapping at 7
th

 year (13.31 and 13.62%). Those trees 

subjected to upward tapping at 8 and 9 years (E, F, G and 

H) induce relatively low gain in rubber production ranging 

from 3.22 to 9.75%. 

 



 American Journal of BioScience 2021; 9(1): 25-33 29 

 

 

Table 1. Average annual production and cumulative production of rubber expressed in gram per tree per tap and tapping at all sites. 

Treatments year 1 year 2 year 3 year 4 year 5 year 6 year 7 year 8 

Cumulative 

production in upward 

tapping (g) 

Cumulative 

production in 

downward tapping (g) 

Average 

production 

(g t-1 t-1) 

A (6 years, 5%) 91 a 81.5 a 82.5 b 74.5 c 55.5 f 55 ef 83 ab 59.5 bc 329.5 253 72.81 a 

B (6 years, 2.5 %) 86 a 80.5 a 75 b 74.5 bc 62.5 e 50 f 79.5 abc 65.5 b 316 257.5 71.69 a 

C (7 years, 5%) 44 b 91 a 77 b 82 bc 77 b 53.5 ef 52 bc 82 a 327 231.5 69.81 b 

D (7 years, 2.5%) 41.5 b 88 a 73 b 83 c 76.5 b 55 ef 49.5 c 89 a 320.5 235 69.4 b 

E (8 years, 5%) 41.5 b 38.5 b 96.5 a 84 a 90 b 79.5 c 50.5 c 54 c 350 184.5 66.81 bc 

F (8 years, 2.5%) 39.5 b 39.5 b 97.5 a 86 ab 83.5 d 71.5 d 54 c 59.5 b 338.5 192.5 66.37 bc 

G (9 years, 5%) 34.5 b 37 b 37 c 87 a 102 a 73.5 de 78.5 abc 54.5 b 341 163 63 c 

H (9 years, 2.5%) 37.5 b 37 b 39 c 86.5 a 74 g 97 b 91.5 a 44.5 c 349 158 63.37 c 

J (10 years, control) 41.7 b 41.9 b 45.2 c 44.1 d 91.5 c 89.6 a 85.7 abc 46.4 c 313.2 172.9 60.37 d 

Average values in bold corresponding at the average annual production of rubber during the upward tapping 

g: gram, g t-1 t-1: gram per tree per tapping. year = year of tapping 

Table 2. Rubber production expressed in kilograms per hectare per year for all sites combined. 

Treatments year 1 year 2 year 3 year 4 year 5 Year 6 year 7 year 8 
Average value of 

production (kg ha-1 y-1) 

Gain (%) of production 

compared to the control 

treatment 

A (6 years, 5%) 3797 a 3400 b 3431 b 3100 b 2348 g 2309 e 3458 a 2488 d 3041.38 a 20.32 

B (6 years, 2.5 %) 3569 a 3332 b 3118 b 3094 b 2595 fg 2073 e 3309 ab 2770 c 2982.50 a 18.00 

C (7 years, 5%) 1724 b 3788 a 3196 b 3403 ab 3093 def 2209 e 2161 b 3403 b 2872.12 ab 13.62 

D (7 years, 2.5%) 1727 b 3663 ab 3046 b 3449 ab 3014 ef 2293 e 2050 b 3673 a 2864.37ab 13.31 

E (8 years, 5%) 1723 b 1585 c 4029 a 3468 ab 3731 abc 3300 c 2107 b 2252 d 2774.37 ab 9.75 

F (8 years, 2.5%) 1655 b 1641 c 4060 a 3556 a 3610 bcd 2979 d 2253 b 2316 d 2758.75 ab 9.13 

G (9 years, 5%) 1435 b 1548 c 1551 c 3588 a 4213 a 3032 d 3265 ab 2241 d 2609.12 b 3.22 

H (9 years, 2.5%) 1570 b 1535 c 1638 c 3579 a 3345 cde 4094 a 3792 a 1843 e 2674.50 b 5.80 

J (10 years, control) 1734 b 1744 c 1881 c 1833 c 3807 ab 3726 b 3565 a 1932 e 2527.75 c 0.00 

Average values in bold corresponding to the average annual production of rubber during the upward tapping. 

Kg-1 ha-1 y-1: kilogram per hectare per year 

3.2. Average Annual Increase in Tree Girth 

Annual mean growth rates of tree circumference expressed in 

centimeters per year (cm/y) for all sites are reported in Table 3. 

The trees of all treatments showed high mean annual increase in 

girth. These rates range from 2.40 (control treatment J, at 10 

years) to 3.03 cm/y (A: upward tapping at 6 years, 5%). In 

addition, trees tapped in early upward tapping 6, 7 and even at 8 

years (A, B, C, D, E and F) showed higher mean annual 

increments (2.91 cm/y). These increases were statistically greater 

in Treatments A and B than in Control J. The mean annual 

circumference increment of the very early upward tapping at 6
th
 

year (A, 3.025 cm y
-1
), at all sites and both levels of ethephon 

stimulation, was statistically greater than that of the control (J, 

2.40 cm/y). This equates to a vegetative growth gain in trees 

tapped upward at 6
th
 year compared to the control (J) by 26%. 

3.3. Tapping Panel Dryness 

The rate of tapping panel dryness is shown in Table 4. The 

highest rate of dry tapping cut length (DC), 21.10% was 

recorded in control treatment J (classic upward tapping at 10 

years). It is statistically higher than those of early upward 

tapping, especially the tapping at 6
th

 year (A, 7.95% and B, 

8.25%). Regarding the average rate of totally dry trees, the 

early upward tapping, especially in 6
th

 year (A, 5.75% and B, 

6.30%), were in the same order of magnitude as the control 

treatment J (7.85), regardless of the sites of study. 

Table 3. Average circumference at the beginning and end of the experiment 

and annual circumference increases during the 8 years of the study. 

Treatments Gir-i (mm) Gir-f (mm) Gin m.a (cm year-1) 

A (6 years, 5%) 674.5 a a 917 a 3.03 a 

B (6 years, 2.5%) 675 a a 916.5 a 3.02 a 

C (7 years, 5%) 678.5 a a 904.5 a 2.83 ab 

D (7 years, 2.5%) 674 a a 895 a 2.76 ab 

E (8 years, 5%)  657 a a 883.5 a 2.83 ab 

F (8 years, 2.5%) 674 a a 914 a 3.00 a 

G (9 years, 5%) 681 a a 878 a 2.47 b 

H (9 years, 2.5%) 681.5 a a 881.5 a 2.50 b 

J (10 years, control) 678 a a 870 a 2.40 b 

Mean 674.8  895.5  2.76  

Gir i/f (mm): Mean value of circumference at the beginning (i) and end of 

the experiment (f) Gin m.a.: Annual circumference increases (cm.year-1) 

during the 8 years of the study 

Table 4. Average of dry tapping cut length rates and tapping panel dryness 

of trees over 8 years of experimentation. 

Treatments DC  TPD  

A (6 years, 5%) 7.95 b 5.75 a 

B (6 years, 2.5%) 8.25 b 6.30 a 

C (7 years, 5%) 6.55 b 4.25 a 

D (7 years, 2.5%) 6.40 b 4.25 a 

E (8 years, 5%)  6.60 b 3.95 a 

F (8 years, 2.5%) 3.80 b 2.20 a 

G (9 years, 5%) 9.80 b 1.90 a 

H (9 years, 2.5%) 10.20 b 2.55 a 

J (10 years, control) 21.10 a 7.85 a 

Mean 8.96  4.33  
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3.4. Physiological Profile of Trees Under Early Upward 

Tapping 

The results of the studies on physiological parameters viz., 

dry rubber content (DRC), sucrose (Suc), inorganic 

phosphorus (Pi) and thiol groups of the latex (R-SH) are 

reported in the tables 5, 6, 7 and 8). The mean dry rubber 

content (DRC) was not significantly different among different 

treatments, but were relatively high (> 43%) regardless of the 

tapping system, in the experiment (Table 5). The mean values, 

during 8 years of testing, range from 47 to 52.50% for the 

Treatment J (classic upward tapping at 10 years), Treatment D 

(early upward tapping at 7 year) and Treatment E (early 

upward tapping at 8years) respectively. The average sucrose 

(Suc.) contents in the latex was on par at the beginning of the 

test and values attributed as medium to very high (11.05 to 

19.46 mmol l
-1

, Table 6). However, with the exception of 

upward tapping at 8, 9 and 10 years, a general downward trend 

in this content was observed for treatments A, B, C and D 

during the experiment. The control treatment J (classic upward 

tapping at 10 years) recorded a mean value of the sucrose 

content of 12.40 mmol l
-1

 vs 13.82 and 15.35 mmol l
-1 

respectively for the very early treatments of upward tapping at 

6 years (A and B) and early, tapping at 7, 8 and 9 years (C, D, 

E, F, G and H). The inorganic phosphorus content (Pi) was 

negatively influenced by the delay in upward tapping. In both 

sites, it showed a drastic drop in the 3
rd

 year of 

experimentation regardless of the treatment applied (Table 7). 

During the study period, the average values ranged from 18.12 

to 7.22 mmol l
-1

; from 21.75 to 6.57 mmol l
-1

 and from 21.80 

to 5.00 mmol l
-1

. This variation is due to the difference 

between treatments: treatments very early (A and B, upward 

tapping at 6 years); early treatments (C and D, upward tapping 

at 7, E and F, upward tapping at 8 and G and H, upward 

tapping at 9). The overall levels of thiols (Table 8) ranged from 

0.33 to 0.45 mmol l
-1

 at the beginning of the experiment, 

achieved a good recovery, ranging from 0.55 to 1.15 mmol l
-1

 

at the end of the study, regardless of the delay of early upward 

tapping applied. 

Table 5. Dry Rubber Content rates under different early upward tapping treatments, all sites combined. 

Treatements year 1 year 2 year 3 year 4 year 5 year 6 year 7 year 8 Mean (8 years) 

A (6 years, 5%) 53.20 a 45.20 a 53.95 a 54.45 a 60.60 a 45.45 a 49.75 a 50.05 a 51.50 a 

B (6 years, 2.5%) 53.45 a 47.60 a 53.50 a 54.50 a 55.60 a 44.55 a 49.55 a 51.85 a 51.00 a 

C (7 years, 5%) 49.05 a 46.30 a 51.75 a 54.20 a 56.40 a 44.05 a 46.60 a 50.95 a 49.50 a 

D (7 years, 2.5%) 51.85 a 48.40 a 53.05 a 53.70 a 56.15 a 51.20 a 53.10 a 53.30 a 52.50 a 

E (8 years, 5%)  52.70 a 45.60 a 54.60 a 53.45 a 53.95 a 57.55 a 51.00 a 52.00 a 52.50 a 

F (8 years, 2.5%) 48.40 a 44.95 a 51.05 a 54.85 a 50.70 a 47.85 a 50.05 a 51.15 a 49.50 a 

G (9 years, 5%) 47.95 a 43.75 a 45.95 a 52.75 a 54.40 a 42.90 a 49.30 a 48.00 a 47.50 a 

H (9 years, 2.5%) 48.30 a 46.40 a 49.40 a 53.15 a 52.25 a 43.10 a 45.15 a 46.75 a 48.00 a 

J (10 years, control) 51.50 a 45.05 a 48.90 a 40.25 a 54.80 a 45.25 a 51.40 a 46.90 a 47.00 a 

Mean 50.71  45.91  51.35  52.36  54.98  46.87  49.54  50.10  49.88  

Table 6. Sucrose content in mmol l-1 under different early upward tapping treatments (all sites combined). 

Treatments year 1 year 2 year 3 year 4 year 5 year 6 year 7 year 8 Mean (8 years) 

A (6 years, 5%) 17.60 a 15.65 ab 17.10 a 16.40 bc 13.20 bc 6.25 b 9.10 c 13.30 bc 13.75 a 

B (6 years, 2.5%) 19.46 a 17.20 ab 16.05 bc 14.35 abc 12.00 bc 8.50 b 11.65 bc 13.40 bc 13.90 a 

C (7 years, 5%) 10.80 a 15.25 ab 18.45 a 17.30 a 15.65 a 8.60 b 12.45 abc 14.15 abc 14.65 a 

D (7 years, 2.5%) 17.25 a 20.50 a 13.56 abc 20.25 a 14.95 ab 13.00 ab 14.65 abc 14.35 abc 16.90 a 

E (8 years, 5%) 13.30 a 11.55 ab 13.60 abc 15.45 abc 16.90 a 21.15 ab 13.00 abc 15.70 abc 15.45 a 

F (8 years, 2.5%) 11.05 a 14.10 ab 13.75 abc 15.55 abc 13.50 ab 15.85 ab 18.70 ab 15.70 abc 14.95 a 

G (9 years, 5%) 11.50 a 9.30 b 7.00 c 17.05 a 16.55 a 26.45 a 20.90 a 16.10 abc 15.60 a 

H (9 years, 2.5%) 11.75 a 8.70 b 6.10 c 14.95 abc 15.05 a 27.55 a 17.20 abc 18.60 ab 14.60 a 

J (10 years, control) 12.60 a 8.40 b 7.15 bc 7.65 c 15.26 a 21.45 ab 13.75 abc 20.40 a 12.40 a 

Mean 13.92  13.41  12.53  15.44  14.52  16.53  14.60  15.74  14.69  

Table 7. Inorganic phosphorus content in mmol l-1 under different early upward tapping treatments (all sites combined). 

Traitements year 1 year 2 year 3 year 4 year 5 year 6 year 7 year 8 Mean (8 years) 

A (6 years, 5%) 17.35 b 15.20 a 3.85 a 10.95 b 11.90 b 11.70 a 8.75 a 8.20 a 10.95 a 

B (6 years, 2.5%) 18.90 ab 15.95 a 4.70 a 10.70 b 11.10 b 10.90 ab 7.70 b 6.25 b 10.65 a 

C (7 years, 5%) 21.15 ab 15.25 a 4.70 a 10.30 b 12.20 ab 11.50 a 5.60 b 7.85 b 10.95 a 

D (7 years, 2.5%) 23.35 a 13.40 a 5.60 a 10.15 b 12.05 ab 7.95 b 7.10 b 5.15 b 10.20 a 

E (8 years, 5%)  22.15 ab 17.35 a 6.65 a 11.35 b 8.30 b 6.50 b 4.85 b 5.55 b 10.15 a 

F (8 years, 2.5%) 21.00 ab 15.45 a 4.95 a 10.05 b 15.55 a 10.80 ab 6.55 b 8.45 a 11.50 a 

G (9 years, 5%) 20.55 ab 17.85 a 8.05 a 12.00 b 12.05 ab 5.95 b 8.05 a 5.60 b 11.10 a 

H (9 years, 2.5%) 22.30 ab 17.20 a 6.00 a 12.25 b 7.65 b 7.05 b 5.60 b 6.80 b 10.40 a 

J (10 years, control) 21.80 ab 16.85 a 5.35 a 16.40 a 8.20 b 8.85 b 6.80 b 5.00 b 10.85 a 

Mean 20.94  16.06  5.48  11.52  11.00  9.02  6.78  6.54  10.75  
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Table 8. Thiol content in mmol l-1 under different early upward tapping treatments (all sites combined). 

Treatments year 1 year 2 year 3 year 4 year 5 year 6 year 7 year 8 (mean years) 

A (6 years, 5%) 0.43 a 0.61 a 0.28 a 0.91 a 1.12 b 0.30 a 0.75 b 0.56 b 0.62 a 

B (6 years, 2.5%) 0.40 a 0.56 a 0.26 a 0.86 a 1.3 b 0.26 a 0.59 b 0.66 b 0.59 a 

C (7 years, 5%) 0.40 a 0.58 a 0.28 a 0.96 a 1.85 b 0.25 a 0.66 b 0.65 b 0.70 a 

D (7 years, 2.5%) 0.45 a 0.60 a 0.29 a 0.97 a 1.11 b 0.23 a 0.86 ab 0.74 ab 0.66 a 

E (8 years, 5%) 0.44 a 0.49 a 0.31 a 0.94 a 2.12 ab 0.26 a 0.96 a 1.15 a 0.83 a 

F (8 years, 2.5%) 0.43 a 0.59 a 0.28 a 0.94 a 1.41 b 0.30 a 0.83 ab 0.68 b 0.68 a 

G (9 years, 5%) 0.33 a 0.56 a 0.29 a 1.08 a 1.41 b 0.24 a 0.94 a 0.55 b 0.67 a 

H (9 years, 2.5%) 0.39 a 0.53 a 0.21 a 1.05 a 2.11 ab 0.31 a 0.93 a 0.70 ab 0.77 a 

J (10 years, control) 0.43 a 0.53 a 0.23 a 0.96 a 2.41 a 0.23 a 1.00 a 0.67 b 0.80 a 

Mean 0.41  0.56  0.27  0.96  1.65  0.26  0.84  0.71  0.70  

 

4. Discussion 

4.1. Dry Rubber Production 

The dry rubber production data expressed in kgha
-1

y
-1

 of 

early upward tapping are convincing, given the production 

gains that they made possible in the first four years of 

tapping (production gain ≥ 30% per year) compared to J, [3, 

16]. Production of rubber is strongly and positively 

influenced by the number of stimulation applications for a 

given clone and the latex harvesting technology [17-21] and 

also by the concentration of ethephon [21]. The practice of 

hormonal stimulation allows a substantial increase in 

production by increasing the flow time [22]. It also induces 

rubber production in upward tapping [2, 23], and depends on 

the strength of stimulant (2.5% ET in downward vs 5% ET in 

upward) which may ultimately effected by the activation of 

the latex generation metabolism and availability of raw 

material (sucrose) [24]. This assertion is supported by the 

work of Obouayeba et al., [4, 23]. The improvement of the 

production by the upward tapping was demonstrated by 

earlier studies [23] and [25]. There is a four years’ time 

saving in very early upward tapping at 6 years when 

compared to the control treatment trees (classic upward 

tapping at 10 years). Moreover, these results make it possible 

to address the problem of delayed yield in plantations. This 

strategy leads to a gain in time of harvesting in high panel 

(HO) and certainly a good increase in the total production. 

Indeed, it is more plausible, to make four years of upward 

tapping on virgin bark, unlike the current practice, which 

does not exceed three years of upward tapping. The time of 

the latex harvesting could thus reach 40 years. Moreover, 

these results provide a solution to the issue of very high bark 

consumption rate in lower panel. 

4.2. Radial Vegetative Growth 

The mean annual increase in circumference of trees under 

upward tapping at 6 years was 3.025 cm y
-1 

which was 

significantly greater than that of the control (2.40 cm y
-1

). 

Despite early upward tapping, analysis of average increase in 

tree circumference showed that they had high average annual 

growth rates. The trees tapped in the classic upward tapping 

at 10 years show the lowest average annual circumference 

growth rates. This revealed that starting upward tapping at 

early stages had a positive effect on tree growth. This is a 

good indication that early ie., 6, 7, 8 and 9 years (A to H) 

upward tapping was not detrimental to the vegetative radial 

growth of the clone GT 1. Work of Nair [3] and Obouayeba 

et al [4] had also proven that the upward tapping from the 6
th

 

year (A and B) was the best time of upward tapping of clone 

GT 1 and probably other clones with moderate metabolism. 

4.3. Sensitivity to Tapping Panel Dryness 

Regardless of the sites of study, rate of dry tapping cut 

length (DC%) were in the same order of magnitude, except for 

trees tapped with classic upward tapping at 10 years, which 

showed that the highest DC levels, at 21% (Table 4). TPD 

rates were acceptable as the average dry tree rate was less than 

10% over an eight-year period and lower than that observed 

(average DC rate 13.2% and average TPD rate 12.6%, over 

four to five years) in earlier study [2] in smallholdings, but 

with trees tapped by upward tapping at 10 years. 

4.4. Physiological Profile of trees 

The physiological profile expresses the health of the rubber 

trees at a given moment. The physiological profile was 

evaluated by the analysis of biochemical parameters such as 

dry rubber content extract (Ex.S), sucrose (Suc), inorganic 

phosphorus (Pi) and thiol groups (R-SH). The average dry 

rubber content of the latex was high (control treatment, classic 

upward tapping at 10 years) to very high (early upward tapping 

at 6, 7, 8 and 9 years) in general. It is of the same order of 

magnitude for all treatments in early upward tapping 

regardless of the site (Bettié and Gagnoa). These rates have 

showed relative increase with time in both sites. Indeed, with 

an average dry rubber content greater than 50%, this indicated 

that the biosynthesis of rubber was promising [22]. The 

sucrose content of the latex was high and in the same order of 

magnitude for the early upward tapping on all the treatments 

and the sites. The average sucrose content, was above 10 mmol 

l
-1

 overall, and this was a good indication of the availability of 

sucrose, for isoprene synthesis [26]. It also means that the raw 

material required for isoprene biosynthesis was not limiting. 

These results revealed that early upward tapping is not 

detrimental to rubber production, especially, production in 

subsequent years. The result of the present study is in 

confirmation with the conclusions of the work of Obouayeba 

et al., [4]. The inorganic phosphorus content (Pi) of the latex, 
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at the end of the experiment, was lower than that in the 

beginning regardless of the locality. This decrease was 

independent of the applied delays in upward tapping and 

experimental sites. At the beginning, Pi content of latex, of the 

control treatment, classic upward tapping at 10 years (J), 

assured the availability of necessary energy for synthesis of 

rubber. At the end of the experiment, decrease in Pi content 

reflected a negative influence on the energy availability in 

laticiferous system. The average content of thiol group (R-SH) 

of latex was low to medium (0.41 to 0.71 mmol l
-1

) at all sites. 

It was in the same order of magnitude for all the treatments of 

the two sites. The average R-SH content was generally high at 

the end of the experiment compared to that at the beginning. 

On the other hand, the average R-SH content of the control, 

classic upward tapping at 10 years (J), was comparable or 

higher when compared to that of the early upward tapping at 6, 

7, 8 and 9 years (A to H) over the 8 years of experimentation. 

The level of the contents of the different latex harvest systems 

reflected the fact that the early upward tapping (all tapping 

delays combined) had no negative impact on the protective 

mechanisms of the laticiferous system. It further indicated 

increased stability of latex lutoids. This corroborates the 

conclusions drawn from the work of Obouayeba et al., [4]. 

This stability explains high rubber production with early 

upward tapping and also assures the maintenance of 

physiological status [4]. The protective systems of latex-

producing laticiferous cells were not a limiting factor in the 

production of rubber. In this case very early (6 years) and even 

early (7, 8 and 9 years) upward tapping did not negatively 

influence the physiological state of the rubber trees. Yield gain 

ranged from 5 to 20% when compared to the control treatment, 

classic upward tapping at 10 years (J). 

5. Conclusion 

Irrespective of the site of study, early upward tapping at 6, 7, 

8 and 9 years did not negatively affect the radial vegetative 

growth of trees. Early upward tapping resulted in significant 

gain in rubber production of up to 12%. This gain reached 20% 

with very early upward tapping at 6 years (all sites and 

concentration in ethephon combined), compared to the control 

(classic upward tapping at 10 years) during the eight years of 

experimentation. In addition, the physiological profiles of the 

trees tapped with early upward tapping were statistically 

identical to those of the trees tapped with classic upward tapping 

at 10 years. Early upward tapping did not induce an increase in 

the TPD rate. According to our investigations, it appears that the 

early upward tapping at 6, 7, 8 and 9 years can be considered to 

improve the productivity of the rubber tree. Thus, very early 

upward tapping at 6 years, after 5 years of downward tapping, 

was certainly the best time to start harvesting latex from the high 

tapping panel (HO-1). 
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