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ABSTRACT
Rubber tree rapid-metabolism clones generally have interesting agronomic and physiological
characteristics. However, they are mostly sensitive to tapping panel dryness and breakage due to wind. This
could be probably due to overexploitation caused by high tapping frequencies and/or high hormonal
stimulation systems. To try solving this problem, a study was carried out over nine years using clones PB 260,
PB 280 and PB 330 planted at a density of 510 plants/ha in southwestern Côte d’Ivoire. The experimental
design was a randomized complete blocks with different latex harvesting technologies. The estimated
parameters were rubber yield, radial vegetative growth, physiological profile and the profitability of applied
latex harvesting technologies. Results indicated that non-stimulated combined with high tapping frequency
latex harvesting system (d2 0/y) showed a level of rubber yield comparable to that of tapping frequencies d3
and d4 in all studied clones irrespective of the level of hormonal stimulation applied. Furthermore, the absence
of hormonal stimulation had no negative influence on the vegetative growth and the physiological profile of
rubber trees. Every two days (d2) tapping system without stimulation generated a profit margin statistically
identical to that of low tapping frequencies (d4, d5 and d6) irrespective of the level of hormonal stimulation.
© 2017 International Formulae Group. All rights reserved.
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there is a needs to determining a latex
harvesting technology adapted to them. The
objective of the study is to assess, firstly, the
incidence of latex harvesting technologies on
the agronomic and physiological parameters
of the rapid metabolic class clones and
secondly, on the profitability.

INTRODUCTION
Setting
up
latex
harvesting
technologies adapted to rubber tree clones has
always been a major concern for the rubber
industry in Côte d’Ivoire (Obouayeba et Boa
1993; Coulibaly, 2012). Rubber tree clones
have been the subject of major works in the
field of plant and latex physiology (Jacob et
al., 1988; Lacrotte, 1991; Gohet, 1996). These
works helped group clones into three
metabolic activity classes’ slow, moderate and
rapid (Serres et al., 1994; Jacob et al., 1995;
Gohet et al., 1996). Rapid metabolic activity
class includes clones with an easy flow
leading to high rubber yield in absence of
hormonal stimulation (Chapuset et al., 2000;
Atsin et al., 2016). In spite of these interesting
agronomic and physiological characteristics,
these clones are basically sensitive to tapping
panel dryness and breakage due to the wind.
Such sensitivity is probably linked to
overexploitation caused by high tapping
frequencies and/or high hormonal stimulation
systems (Chrestin, 1985; Okoma, 2008).
Findings of Lacote et al. (2010) have
demonstrated that tapping, by inducing stress,
activates the metabolism of latex vessels as
well as hormonal stimulation by producing
ethylene. Indeed, ethylene, produced and
released during stress in the tissues, activates
the entire biosynthesis process of the cispolyisoprene molecule or rubber (Lacrotte,
1991; Obouayeba et al., 1996). More
importantly,
investigations
revealed
possibilities for adapting latex harvesting
technologies to rubber clones to ensure a
better balance between agronomic and
physiological parameters and sensitivity of
rubber trees to tapping panel dryness
(Obouayeba et al., 2006, 2008; Soumahin,
2010).
Hence,
sustainable
harvesting
efficiency of the latex in rapid-metabolism
clones appears as a main concern for which

MATERIALS AND METHODS
Materials
Three clones from rapid or active
metabolic activity class of rubber tree (Hevea
brasiliensis, Muel. Arg., Euphorbiaceae) are
used as plant material. These clones are: PB
260, PB 280 and PB 330.
PB 260 (Prang Besar 260) is a clone
obtained by crossing PB 5/51 x PB 49. It
originates from Malaysia. According to
vegetative growth scale in rubber tree, that of
clone PB 260 range from medium to good
before tapping. And after tapping its
vegetative growth remains medium. it’s
vigorous, early and high yielding clone that is
sensitive to tapping panel dryness and
moderately resistant to wind damage
(Chapuset, 2001). This clone requires a
moderate stimulation system.
PB 280 is a clone originating from
Malaysia that is a cross between PBIG and a
Seedling. It was planted for the first time in a
Large-Scale Trial (LST) in Côte d’Ivoire in
1989. It is a very vigorous clone with a
slightly tilting trunk and an abundant and
heavy oblique branching. Significant bending
was observed 9 years after planting at
SCASO, formerly HEVEGO, in southwestern
Côte d’Ivoire.
Clone PB 330, originating from
Malaysia, is obtained by crossing PB 5/51 and
PB 32/36. Planted for the first time in LST in
Côte d’Ivoire in 1989, it has characteristics
very similar to those of clone PB 255 (rapid or
very active-metabolism). This clone has a
rapid growth in height with light secondary
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branches spread along the axis. It’s sensitive
to damage due to wind (Chapuset, 2001).

each pattern. It was calculated from a
coagulum sample per treatment. Each sample
was weighed, crimped, dried at 80 °C in an
oven for 24 h and reweighed.
The dry rubber yield was expressed in
kilograms per hectare per year (kg/ha/year).
Isodiametric growth of the trunk
For each treatment, the trunk girth at
1.70 m was measured on each tree at the
beginning of the experiment and at the end of
the physiological cycle (January to February),
before the beginning of annual defoliation.
The average annual increment was expressed
in cm per year (cm/year).
Estimation of the physiological parameters
of the latex
The most important physiological
parameters of the latex, due to their
involvement in the mechanisms related to
rubber yield, were analyzed once a year, in
November. These included the dry rubber
content and the sucrose, inorganic phosphorus
and thiol group contents of the latex. Some
latex collected by needle under the tapping cut
(downward tapping), according to the “latex
micro diagnostic” method (MDL, Jacob et al.,
1988), made it possible to determine the
values of the physiological parameters.
Dry rubber content
The dry rubber content of the latex was
determined by weighing 1 ml of fresh product
in a 10-ml pill box before and after steaming
at 80 °C for 24 h.
Sucrose, inorganic phosphorus and thiol
compounds
They were determined from the TCA
serum obtained after coagulation of the latex
in trichloroacetic acid (TCA). These contents,
expressed in millimoles per liter of latex
(mmol/l), were determined by the anthrone
method developed by Ashwell (1957) for
sucrose, by Taussky and Shorr method (1953)
for inorganic phosphorus and the method of
Boyne and Ellman (1972) for thiol groups.

Methods
Experimental design and treatments
The experimental design was in
Randomized Complete Blocks of 6 treatments
and 4 repetitions. Each elementary plot
consisted of 100 trees, that is, a trial surface
area of 4.7 ha on average. These trees were
selected on the basis of the homogeneity of
their girth at 1 m above ground, their bare
yield (without stimulation) and their rate of
tapping panel dryness (0%).
Five downward half-spiral tapping
frequencies were applied to all clones: d2
(tapping every two days), d3 (tapping every
three days), d4 (tapping every four days), d5
(tapping every five days) and d6 (tapping
every six days). The hormonal stimulation
system of the yield was established according
to tapping frequencies reduction. The ratings
used were the international ratings of latex
harvesting technologies (Lukman, 1983;
Vijayakumar et al., 2009). The latex
harvesting technologies practiced are reported
in Table 1.
The trees of the experiment were
planted at a density of 510 trees per hectare (7
m x 2.8 m). Over nine years of experiment,
tapping technology applied on trees followed
the classic pattern of tapping panel
management of hevea in Côte d’Ivoire (Gohet
et al., 1991).
Estimated parameters
Rubber yield
Rubber yield was assessed per
treatment. The coagulum, removed at the next
tapping, was collected, weighed monthly
(weight of fresh material, P.F.) and preserved.
The transformation coefficient, dry rubber
percentage of a given sample of fresh rubber,
was used to calculate the dry rubber yield for
2211
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All the data dealing with sucrose,
inorganic phosphorus and thiols compounds
contents were interpreted based on references
values as defined by Jacob et al. (1987).
Profitability of latex harvesting technologies
Profitability of experienced latex
harvesting technologies was assessed. Index
considered was the Profit Margin (PM) that
was estimated and data were compared within
harvesting technologies and clones used. PM
was obtained by the difference between the
Incomes (R) and Production Cost (PC)
according to Equation 1.
PM ( FCFA / ha / year  R( FCFA / ha / year ) (1)

represents a proportion k of the purchasing
cost of the product for 1 ha. The cost of
agricultural labor considered in the study was
1 500 FCFA/day/ha for stimulation and 2 000
CFA F/day/ha (L) for tapping. The PC was
calculated according to Equation 3:
PC(FCFA/ ha/ year)  K(FCFA/ ha/ year)  L(FCFA/ ha/ year)

(3)
With:
K ( FCFA / ha / year )  CostofStim ulating Pr oduct 
Frequencyo fStimulati on

(4)
L ( FCFA

 PC ( FCFA / ha / year )

/ ha / year

)  ( LaborCosto

Frequencyo

fStimulati

on )  ( LaborCostf

Frequencyo

fTapping

)

fStimulati

on 

orTapping



(5)
With:

Incomes are products of the quantity of
fresh rubber (Qfl) harvested by the Farm Gate
Price ( FGP) of the fresh rubber according to
Equation 2.

CostofStim

ulating Pr oduct ( FCFA / ha )  1 g /

tree  400 trees / ha  k  3000 FCFA

Frequencyo fStimulati on ( NumberofSt imulation / year )

R ( FCFA/ ha / year)  Q fl ( Kgha / year)  FGP( FCFA/ Kg )

 4 , 8 or 10 times / year

(2)
Amount of rubber is the annual
average value estimated over nine (9) years
(from 1994 to 2003) depending on the clones
Tested. The average selling price considered
was 352 F CFA/kg corresponding to the
discounted average value of the price of fresh
rubber over the post-devaluation period from
1994 to 2011 (Mahyao et al., 2014).
Production Cost (PC) includes
stimulation cost (K) and labor cost (L). Labor
cost takes into account stimulation applying
cost and that of the tapping labor varying
accordingly. Dealing with this last parameter,
the number of working days is the annual
number of tappings assuming that all the other
variables were equal (ceteris paribus).
Stimulating Product was a ready-to-use
one with a purchase cost of 3 000 F CFA.
Mixing it with 0.5 liter of water gives
approximately 1 kg. Considering 1 g of
stimulating product for one tree that
corresponds to 400 g for 1 ha, which

LaborCosto

fStimulati on  1500 FCFA / ha

LaborCostf orTapping  2000 FCFA / day / ha
Frequencyo fTapping ( NumberofTa pping / year )
 52 , 65 , 78 ,104 or 156 days / year

k = 0,4
1 USD = 500 F CFA
Statistical analysis
Data on rubber yield, isodiametric
trunk growth, latex micro diagnosis and
economic profitability were processed using
the statistical software STATISTICA 7.5. An
analysis of variance was carried out and the
level of significance of the differences
between the averages was estimated by the
NEWMAN-KEULS test for a threshold of
5%. For the comparison of percentages, the
test of comparison of averages using the
smallest significant difference at the threshold
of 5% was used.
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Table 1: Applied latex harvesting technologies over nine years in large-scale-trial experiment in clones PB 260, PB280 and PB 330 in Côte d’Ivoire.
N°

Latex harvesting
technologies

IS
(%)

Description

1

S/2 d2 6d/7 12m/12,
nil stimulation
S/2 d3 6d/7 12m/12
ET2.5% Pa1(1) 4/y

100

3

S/2 d4 6d/7 12m/12
ET2.5% Pa1(1) 4/y

50

4

S/2 d4 6d/7 12m/12
ET2.5% Pa1(1) 8/y

50

5

S/2 d5 6d/7 12m/12
ET2.5% Pa1(1) 8/y

40

6

S/2 d6 6d/7 12m/12
ET2.5% Pa1(1) 10/y

33

Downward half-spiral tapping every two days six working days over seven, Sunday being a day off, twelve months over twelve ;
nil stimulation
Downward half-spiral tapping every three days, six working days over seven, twelve months over twelve ; stimulation using 2.5
% concentrated Ethephon by application on tapping panel at a rate of 1g of stimulant over a 1-cm large tape; 4 stimulations were
made per year.
Downward half-spiral tapping every four days, six working days over seven, twelve months over twelve ; stimulation using 2.5 %
concentrated Ethephon by application on tapping panel at a rate of 1g of stimulant over a 1-cm large tape; 4 stimulations were
made per year.
Downward half-spiral tapping every four days, six working days over seven, twelve months over twelve ; stimulation using 2.5 %
concentrated Ethephon by application on tapping panel at a rate of 1g of stimulant over a 1-cm large tape; 8 stimulations were
made per year.
Downward half-spiral tapping every five days, six working days over seven, twelve months over twelve ; stimulation using 2.5 %
concentrated Ethephon by application on tapping panel at a rate of 1g of stimulant over a 1-cm large tape; 8 stimulations were
made per year.
Downward half-spiral tapping every six days, six working days over seven, twelve months over twelve ; stimulation using 2.5 %
concentrated Ethephon by application on tapping panel at a rate of 1g of stimulant over a 1-cm large tape; 10 stimulations were
made per year.

2

67

2213

G. J. O. ATSIN et al. / Int. J. Biol. Chem. Sci. 11(5): 2209-2224, 2017

by clone PB 260 (3.07 ± 0.19 cm/year) and
clone PB 280 (2.82 ± 0.16 cm/year) regardless
of the latex harvesting technology applied
(Table 4).

RESULTS
Rubber yield
The average annual yield of rubber was
significantly influenced by the latex
harvesting technology in the clones studied. It
varied from 2477 to 2972 kg/ha/year, from
1908 to 2382 kg/ha/year, and from 1886 to
2439 kg/ha/year respectively for clones PB
260, PB 280 and PB 330. Tapped trees every
two days without hormonal stimulation (d2
0/y) showed average rubber yields that were
statistically higher compared with those of
trees tapped every six days and stimulated 10
times per year (d6 10/y) in all the clones
studied (Table 3).
Regardless
of
latex
harvesting
technology, clone PB 260 showed an average
rubber yield (2770 ± 177 kg/ha/yr) above of
that of clone PB 330 (2297 ± 206 kg/ha/y) and
clone PB 280 (2169 ± 157 kg/ha/year).
Similarly, the most significant average rubber
yield (2597) was obtained with the control
treatment (d2 0/y) whatever the clone studied
(Table 3).

Physiological parameters of rubber trees
Clone PB 260
Averages of dry rubber contents (DRC)
in latex of the trees from clone PB 260 were
very high and statistically equivalent between
them. Average values ranged from 54.48 to
58.05% depending on latex harvesting
technology (Table 5).
Dealing with sucrose content, averages
of sucrose (Suc) in the latex of the rubber
trees from clone PB 260 were not influenced
by latex harvesting technology. However, they
were moderate for harvesting technologies 2,
3 and 4 (7 to 8.56 mmol/l) and high for the
control (d2 0/y) and harvesting technology 5
(d5 8/y) and 6 (D6 10/y) which respectively
showed values ranging from 10.20 to 10.09
mmol/l (Table 4).
Regarding
inorganic
phosphorus
content, averages in the latex of the trees from
clone PB 260 were influenced by latex
harvesting technologies. So, they varied from
18.77 mmol/l (intermediate) to 30.51 mmol/l
(very high) (Table 5). Harvesting technologies
5 (d5 8/y) and 6 (d6 10/y) showed very high
contents that were statistically significant and
higher than others harvesting technologies
which showed contents ranging from
moderate to high.
Concerning thiols content, averages
values in the latex of the trees in clone PB 260
were moderate and statistically equivalent
from one harvesting technology to another
one. They were globally good and varied from
0.64 to 0.79 mmol/l (Table 5).
Clone PB 280
In this clone, averages of dry rubber
contents (DRC) in latex of trees in were very

Radial vegetative growth of rubber trees
The latex harvesting technology had a
significant impact on the annual average girth
increment of the trees from clones PB 260 and
PB 280. The average annual girth increment
of the trees of clone PB 330 was however not
influenced by the latex harvesting technology
(Table 4).
The annual average increments ranged
from 2.79 to 3.35 cm/year (clone PB 260),
from 2.57 to 3.06 cm /year (clone 280) and
from 3.05 to 3.19 cm/year (clone PB 330).
Low tapping frequencies showed in all
clones studied annual average girth
increments inferior to those of trees tapped at
d2 without any stimulation (3.20 cm/year).
Annual average increment rate was higher in
clone PB 330 (3.11 ± 0.07 cm/year) followed
2214
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high, significantly influenced by latex
harvesting technologies (Table 6). They
ranged from 49.39 to 54.29%. However, low
tapping frequencies (d4, d5 and d6) and
increased hormonal stimulation expressed
high average dry rubber content in
comparison to high tapping frequencies (d2,
d3). Averages of sucrose content (Suc) in
latex of the rubber trees in clone PB 280
varied statistically from 6.98 (moderate) to
10.56 mmol/l (high) depending on the latex
harvesting technology (Table 6). Low tapping
frequencies
showed
sucrose
contents
statistically equivalent to that of control (d2
0/y) in exception of treatment 4 (d4 8/y) that
showed a higher content (10.56 mmol/l). The
average inorganic phosphorus (Pi) contents of
the latex of the trees of clone PB 280 were
statistically different and were high to very
high (21.54 to 30.87 mmol/l) for all treatment
(Table 6) the control showed a very high level
(30.87 mmol/l) significantly superior to that of
treatments 2 (d3 4/y), 5 (d5 8/y) and 6 (d6
10/y). Concerning thiol contents (RSH),
averages in the latex of the trees from clone
PB 280 were statistically identical (Table 6).
These contents were, overall, very low and
ranged from 0.41 to 0.50 mmol/l depending
on the latex harvesting technology.
Clone PB 330
Average of dry rubber contents (DRC)
in the latex of the trees of clone PB 330, from
high to very high, were not influenced by the
latex harvesting technology (Table 7).
However, they varied from 50.37 to 55.33%.
The average sucrose contents (Suc) of the
latex of the rubber trees of clone PB 330,
statistically equivalent to each other, varied
from 9.36 (high) to 15.37 mmol/l (very high)
depending on the latex harvesting technology

(Table 7). Regarding inorganic phosphorus
(Pi) contents, average were not affected by the
latex harvesting technology (Table 7). The
average thiol contents (RSH) of the latex of
the threes of clone PB 330 were low to high
and statistically identical to each other (Table
7). They ranged from 0.51 to 0.78 mmol/l.
Concerning thiol group content of the control
trees, average in the latex was one of the
highest. Trees with low tapping frequencies
showed average contents regardless of the
frequency of hormonal stimulation.
Profitability
of
latex
harvesting
technologies
The profitability of the different latex
harvesting technologies, relative to the data on
fresh rubber yield, evolved according to the
clone studied (Table 7).
In clone PB 260, all latex harvesting
technologies showed statistically equivalent
profit margins with the exception of
treatments 3 and 6, which were the least
profitable (1 165 422 and 1 089 257 CFA
F/ha/year respectively).
The profit margins generated by clone
PB 280 were more significant with treatment
3 (1 095 988 CFA F/ha/y) and control (1 055
825 FCFA/ha/year). However, they were
statistically equal to those of treatments 2, 4
and 5.
As for clone PB 330, all latex
harvesting technologies showed statistically
equivalent profit margins with the exception
of treatment 6, which was less profitable (948
658 CFAF/ha/year). Regardless of the latex
harvesting technology, clone PB 260 gave an
average profit margin (1 186 881 CFAF)
higher than those of clones PB 330 (1 045 643
CFAF) and PB 280 (1 134 626 CFAF).
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Table 2: References values of the most important physiological parameters of the latex.
DRC %

Suc (mmol/l)

Pi (mmol/l)

RSH (mmol/l)

Very high
High

 
38 to 43

 
9 to 12

 
20 to 25

 
0.80 to 0.90

Medium

33 to 38

6 to 9

15 to 20

0.60 to 0.80

Low

29 to 33

4 to 6

10 to 15

0.50 to 0.60

 



 

 

Very low
(JACOB et al., 1987).

Table 3: Annual average rubber yield of the trees of the clones studied according to latex harvesting
technologies.
Rubber yield (kg/ha/year)
Latex harvesting technologies
PB 260

PB 280

PB 330

Average

1. S/2 d2 nil stimulation (control)

2972

a

2382

a

2439

a

2597

2. S/2 d3 6d/7 ET2.5% Pa1(1) 4/y

2914

a

2165

ab

2350

a

2476

3. S/2 d4 6d/7 ET2.5% Pa1(1) 4/y

2682

b

2260

ab

2373

a

2438

4. S/2 d4 6d/7 ET2.5% Pa1(1) 8/y

2814

ab

2179

ab

2423

a

2472

5. S/2 d5 6d/7 ET2.5% Pa1(1) 8/y

2759

ab

2121

b

2309

a

2396

6. S/2 d6 6d/7 ET2.5% Pa1(1) 10/y

2477

c

1908

c

1886

b

2090

Average

2770

2169

2297

2412

± 177

± 157

± 206

180

Standard deviation

In the same column, the averages followed by the same letter are not significantly different (Newmann-Keuls Test at 5 %).
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Table 4: Annual average girth increment in the trees of the clones PB 260, PB 280 and PB 330
studied according to different latex harvesting technologies applied.
Average annual increment (cm/year)
Latex harvesting technologies
PB 260

PB 280

PB 330

Average

1. S/2 d2 nil stimulation (control)

3.35

a

3.06

a

3.19

a

3.20

2. S/2 d3 6d/7 ET2.5% Pa1(1) 4/y

2.79

c

2.57

b

3.05

a

2.80

3. S/2 d4 6d/7 ET2.5% Pa1(1) 4/y

3.10

b

2.85

ab

3.05

a

3.00

4. S/2 d4 6d/7 ET2.5% Pa1(1) 8/y

2.98

b

2.83

ab

3.07

a

2.96

5. S/2 d5 6d/7 ET2.5% Pa1(1) 8/y

3.03

b

2.77

ab

3.11

a

2.97

6. S/2 d6 6d/7 ET2.5% Pa1(1) 10/y

3.16

b

2.83

ab

3.19

a

3.06

Average

3.07

2.82

± 0.19

± 0.16

Standard deviation

3.11

3.00

± 0.07

0.14

In the same column, the averages followed by the same letter are not significantly different (Newmann-Keuls Test at 5 %).

Table 5: Average values of the physiological parameters of the latex of the trees of clone PB 260
subjected to different latex harvesting technologies.
Latex harvesting technologies

DRC %

Suc (mmol/l)

Pi (mmol/l)

RSH (mmol/l)

1. S/2 d2 nil stimulation (control)

54.48

a

10.2

a

18.77

b

0.71

a

2. S/2 d3 6d/7 ET2.5% Pa1(1) 4/y

54.78

a

8.56

a

20.89

b

0.74

a

3. S/2 d4 6d/7 ET2.5% Pa1(1) 4/y

57.19

a

8.44

a

21.55

b

0.74

a

4. S/2 d4 6d/7 ET2.5% Pa1(1) 8/y

56.29

a

7.00

a

20.19

b

0.64

a

5. S/2 d5 6d/7 ET2.5% Pa1(1) 8/y
6. S/2 d6 6d/7 ET2.5% Pa1(1) 10/y

58.05
55.82

a
a

10.2
10.09

a
a

26.96
30.51

a
a

0.79
0.77

a
a

Average
Standard deviation

56.10
±1.38

9.08
±1.31

23.15
±4.57

In the same column, the averages followed by the same letter are not significantly different (Newmann-Keuls Test at 5 %).
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Table 6: Average values of the physiological parameters of the latex of the trees of clone PB 280
subjected to different latex harvesting technologies.
Latex harvesting technologies

DRC %

Suc (mmol/l)

Pi (mmol/l)

RSH (mmol/l)

1. S/2 d2 nil stimulation (control)

50.61

bc

8.06

b

30.87

a

0.41

a

2. S/2 d3 6d/7 ET2.5% Pa1(1) 4/y

49.39

c

6.98

b

23.05

b

0.50

a

3. S/2 d4 6d/7 ET2.5% Pa1(1) 4/y

53.15

ab

9.08

ab

24.16

ab

0.45

a

4. S/2 d4 6d/7 ET2.5% Pa1(1) 8/y

51.26

abc

10.56

a

27.01

ab

0.48

a

5. S/2 d5 6d/7 ET2.5% Pa1(1) 8/y

54.29

a

7.50

b

22.22

b

0.47

a

6. S/2 d6 6d/7 ET2.5% Pa1(1) 10/y

54.04

a

8.35

b

21.54

b

0.48

a

Average

52.12

8.42

24.81

0.47

Standard deviation

±2.00

±1.27

±3.54

2.27

In the same column, the averages followed by the same letter are not significantly different (Newmann-Keuls Test at 5 %).

Table 7: Average values of the physiological parameters of the latex of the trees of clone PB 330
subjected to different latex harvesting technologies.
Latex harvesting technologies

DRC %

Suc (mmol/l)

Pi
(mmol/l)

RSH (mmol/l)

1. S/2 d2 nil stimulation (control)

50.80

a

10.02

a

22.98

a

0.78

a

2. S/2 d3 6d/7 ET2.5% Pa1(1) 4/y

54.15

a

9.36

a

22.99

a

0.60

a

3. S/2 d4 6d/7 ET2.5% Pa1(1) 4/y

51.06

a

13.39

a

17.92

a

0.54

a

4. S/2 d4 6d/7 ET2.5% Pa1(1) 8/y

50.37

a

13.58

a

22.52

a

0.51

a

5. S/2 d5 6d/7 ET2.5% Pa1(1) 8/y

55.33

a

12.30

a

21.13

a

0.57

a

6. S/2 d6 6d/7 ET2.5% Pa1(1) 10/y

54.95

a

15.37

a

19.58

a

0.55

a

Average

52.78

12.34

21.19

0.59

Standard deviation

± 2.27

± 2.28

± 2.07

2.21

In the same column, the averages followed by the same letter are not significantly different (Newmann-Keuls Test at 5 %).
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Table 8: Profit margins (CFAF/ha/year) depending on latex harvesting technologies applied to the
clones studied.
Profit margin (CFAF/ha/year)
Latex harvesting technologies
PB 260

PB 280

PB 330

1. S/2 d2 nil stimulation (témoin)

1 198 843

a

1 055 825

a

1 128 853

a

2. S/2 d3 6d/7 ET2.5% Pa1(1) 4/y

1 238 113

a

1 005 749

ab

1 146 115

a

3. S/2 d4 6d/7 ET2.5% Pa1(1) 4/y

1 165 422

ab

1 095 988

a

1 197 915

a

4. S/2 d4 6d/7 ET2.5% Pa1(1) 8/y

1 218 474

a

1 041 146

ab

1 215 204

a

5. S/2 d5 6d/7 ET2.5% Pa1(1) 8/y

1 211 176

a

1 029 506

ab

1 171 008

a

6. S/2 d6 6d/7 ET2.5% Pa1(1) 10/y

1 089 257

b

928 374

948658

b

Average

1 186 881

1 045 643

1 134 626

± 53 566

± 33 579

± 96 510

Standard deviation

b

In the same column, the averages followed by the same letter are not significantly different (Newmann-Keuls Test at 5 %).

more intensive metabolic activity to
compensate the loss of significant rubber
yield. Indeed, latex-producing function of
trees is exalted by tapping (Obouayeba et Boa,
1993; Soumahin, 2010; Atsin et al., 2014)
because more rubber tree is tapped, higher its
yield is. Such response appears more
important in active-metabolism clones
characterized by an easy flow in absence of
hormonal stimulation. This easy flow of the
latex is probably due to a sufficient (nonlimiting) availability of intrinsic (initial)
metabolic energy of latex vessels as
highlighted by Lacote et al. (2010).
Moreover, at the opposite of findings
of Coulibaly (2012) in clone PB 235 and those
of Traoré (2015) in clones PB 235 and PB 260
advocating a minimum of hormonal
stimulation to optimize yield level, our results
show that high tapping intensity (d2) alone is
sufficient obtaining a better rubber yield in all

DISCUSSION
Incidence of latex harvesting technologies
on rubber yield and radial vegetative
growth of rapid-metabolism clones in
rubber trees (Hevea brasiliensis)
The assessment of the incidence of the
different latex harvesting technologies of
active-metabolism clones of rubber tree
(Hevea brasiliensis) took into account the
rubber yield, the radial vegetative growth, and
the physiological profile of the latex of the
trees of clones PB 260, PB 280 and PB 330.
Rubber yield in kg/ha/year of different
clones studied was globaly more significant
with tapping intensification. Latex harvesting
system using high tapping intensity and no
stimulation (d2 0/y) appeared more efficient
than those with low tapping intensity in all
clones studied. Results obtained confirm those
of Jacob et al. (1995) who concluded that in
all clones, most frequent tapping induces a
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the clones studied. These results confirm not
only those of Obouayeba et al. (1996) and
Lacrotte (1991) on the stimulating power of
tapping through generation of ethylene in
rubber tree tissues, but emphasize the fact
observed results could be extend to several
clones in rapid metabolic activity class for the
expression of their productivity without
hormonal stimulation.
Dealing with radial vegetative growth
in rubber trees, trees tapped in d2 and nonstimulated showed an annual average
increment more significant than those in trees
tapped at reduced frequencies irrespective of
the level of hormonal stimulation. This result
reflects a low incidence of high tapping
frequencies on isodiametric growth of tree
trunks in relation to different levels of
hormonal stimulation. Although tapping
frequency is reduced, increasing hormonal
stimulation frequency has a negative effect on
the radial vegetative growth of rubber trees
(Soumahin, 2010; Diarrassouba, 2013).
Furthermore, several studies (Gohet, 1996;
Obouayeba, 2005) have reported that
competition between production of primary
biomass (vegetative growth) and secondary
biomass (rubber) is unfavorable to vegetative
growth. Indeed, the reconstitution of the latex
exported by tapping requires not only energy
but also and especially photosynthetic
assimilates. However, the results obtained
showed that non-stimulated control treatment
(d2 0/y) indicated a better rubber yield and
vegetative growth in all clones studied. This
shows that the reduction in the radial
vegetative growth of rubber trees is more
probably related to stimulation than tapping.

without any stimulation appeared comparable
to that of trees with reduced stimulation and
tapping frequencies. Such observation
indicates an increased and efficient use of
sugar during isoprene metabolism in
stimulated trees as well as trees without
hormonal stimulation. Indeed, the lower
average sucrose content is, the greater its use
is and the more efficient and productive the
latex-producing function is (Gohet, 1996).
These high dry rubber contents therefore
reflect the high metabolic regeneration
activity which characterizes clones of rapid
metabolic activity class. For the same clones,
this activity is also more important in reduced
tapping frequencies with stimulation than in
high tapping frequency without hormonal
stimulation (d2 0/y). In line of such results,
Compagnon (1986) and Lacrotte (1991) have
shown that latex stock reconstitution time
frame taken by previous tapping requires a
time limit. This means that the longer this
period is, the greater the more significant the
reconstitution is and the higher the dry rubber
content is. The results obtained show that
tapping in d2 without hormonal stimulation
therefore has no negative incidence on the dry
rubber content. Thus, they indicate that
tapping in d2 was not also a limiting factor for
the activation and the regeneration of the latex
of the clones studied.
Moderate to high levels of sucrose
content observed in latex of clones studied
indicates a good supply of latex vessels in
relation to rubber trees productivity (Van De
Sype, 1984). Indeed, this content reflects
latex-producing
metabolism
activation
because sucrose is the raw material and the
provider of metabolic energy in isoprene
biosynthesis (Jacob et al., 1998; Obouayeba et
al., 2006).
High to very high values registered
dealing with inorganic phosphorus average
contents in latex of clones studied regardless
latex harvesting technologies were, however,
consistent with the Pi contents of the latex in
active-metabolism clones (Gohet et al., 1996;

Effect of latex harvesting technologies on
physiological profile of in rapid-metabolism
clones of rubber trees (Hevea brasiliensis)
Average dry rubber content assessment
of latex revealed very high values in all latex
harvesting technologies, whatever the clone.
Furthermore, average sucrose content showed
by control trees tapped every two days (d2)
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Coulibaly, 2012). For each of the clones
studied, inorganic phosphorus average
contents in latex were globally similar
regardless stimulation frequencies applied.
This result highlights the activating effect of
tapping metabolism as shown by the works of
Obouayeba et al. (1996), Dick et al. (2014)
and Atsin et al. (2016); high tapping
frequency (d2) resulting in a high Pi content
in absence of hormonal stimulation. This
result confirms that in active-metabolism
clones, intrinsic metabolic energy is available
and sufficient (Lacote et al., 2010). That is
their main characteristic.
For thiol group average contents in
latex, trees tapped at low-frequency with
different levels of hormonal stimulation
showed statistically equivalent values to those
of trees tapped every two days (d2) and nonstimulated irrespective of the clone. High
tapping frequency does not therefore have a
negative effect on thiol group content, but
rather results in high concentrations linked to
a higher metabolic activity (Jacob et al.,
1995). This result shows and confirms that
tapping increases the metabolic energy of the
tree.

tapping frequencies. These results confirm
those of Johari et al. (1998) who reported that
a more intensive tapping is not more
profitable than a reduced tapping frequency.
Conclusion
At the end of this study, it appears that
clones in rapid metabolic activity class
showed a higher rubber yield with tapping
intensification. Indeed, high intensity and nonstimulated latex harvesting system (d2 0/y)
showed a level of rubber yield comparable to
those of the tapping frequencies d3 and d4 in
all the clones studied whatever the level of
hormonal stimulation applied. Clones of this
metabolic activity class are, therefore, more
suitable to tapping than to hormonal
stimulation intensification.
These results also revealed that trees
tapped in d2 and non-stimulated had a greater
isodiametric increment of the trunk girth than
those of the reduced and stimulated tapping
frequencies.
Moreover, absence of hormonal
stimulation did not have a negative incidence
on the physiological parameters of latex of
trees in all the clones studied. On the contrary,
these trees showed a good inorganic
phosphorus content indicating a good
availability of the energy at the origin of the
activation of the latex-producing metabolism
following tapping intensification.
The trees tapped in d2 and nonstimulated generated a profit margin
statistically identical to those of low tapping
frequencies irrespective of the level of
hormonal stimulation.
Thus, the latex harvesting technologies
d2 0/y and d3 4/y could be envisioned for
sustainable and profitable latex harvesting in
clones PB 260, PB 280 and PB 330.

Incidence of latex harvesting technologies
on the profitability in clones studied
The economic analysis revealed that
the control (d2 0/y) which showed a rubber
yield superior or equal to that of other latex
harvesting technologies in the clones studied,
generates a lower profit margin although
statistically similar to those of low tapping
intensities. This is closely related to the level
of rubber yield and especially to expenses,
mainly those relating to the tapping labor,
which has strongly influenced the revenue
generated. Indeed, Mahyao et al. (2014)
showed that the greater the number of tapping
is, the more the operating costs are. And since
the number of tapping increases from 78
tapping (d4) to 104 tapping (d3) and to 156
tapping (d2), it is understood that the profit
margin of d2 is lower than those of the other
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