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Abstract

A prospective study of technologies for harvesting the latex of the Hevea brasiliensis clone BPM 24,
with moderate metabolism, at the opening, was undertaken for 7 years in the south-west of the Cote
d’Ivoire. The rubber trees were planted at a density of 510 trees / ha (7 m x 2.80 m) according to a
completely randomized scheme. They were bled using ten different latex harvesting systems. The
parameters measured were rubber production, isodiametric trunk growth, physiological profile and
sensitivity to dry notching. The results showed that bloodletting, like hormonal stimulation, strongly
activates the metabolism of laticifers. They indicated that, tapping at 1.20 m from the ground
(descending tapping) gives better results compared to that at 0.70 m (ascending tapping) not preceded
by a descending tapping for a minimum delay equivalent to 4 years. The tapping in a half-spiral
ascending from the fifth year with a high production and a high rate of dry notching shows signs of the
onset of physiological fatigue probably linked to overuse. The different hormonal stimulation strategies
had little damage to trunk growth and physiological parameters of trees. To best express and maintain
its long-term agronomic potential, the latex harvesting system best suited to the BPM 24 clone, when
opened, isS/2d46d/712m/12 ET 2.5% Pal (1) 4/ y at 1.20 m from the ground (without gradient).
In addition, our results indicate that reverse tapping can be introduced at least as early as the fifth,
possibly from the sixth, year of latex harvest.

Keywords: Hevea brasiliensis, descending half-spiral, Ascending half-spiral, Isodiametric growth,
Cote d’Ivoire

1. Introduction

The production of rubber in hevea, unlike other plants which give fruits, seeds, roots or
tubers, etc.,, comes from the cytoplasm of laticiferous cells, the latex, following the
application of bloodletting (Jacob et al., 1995a) I8, This involves making an incision or a
notch called a tapping notch in the bark of the tree trunk; which leads to the flow of latex
(Frey-wyssling, 1932; Bouychou, 1962; Gomez, 1982; Thomas et al., 1995; Obouayeba,
1995; Obouayeba et al., 2000) [13. 5. 17. 40,27, 30] the treatment of which gives natural rubber
tapping trees on a plantation does produce rubber, but this production is relatively limited.
Neither can it be modulated to the needs of users and, above all, tapping alone cannot make it
possible to better exploit the rubber production potential of all the groups of clones cultivated
because of their different laticigenic metabolism (Jacob et al. 1988) 21, Cultured clones do
not in fact have the same reaction to hormonal stimulation of production (Jacob et al., 1988;
Diarrassouba, 2013; Diarrassouba et al., 2012) [21. 10. 111 Nowadays, a strategy for hormonal
production stimulation is systematically added to the tapping system (Gallois, 1998;
Obouayeba, 1995; Soumahin et al., 2009; Soumahin, 2010) 4 19 27. 36, 371 Hormonal
stimulation of production consists in applying to the tapping panel, a stimulating chemical
substance which significantly increases the level of rubber production (Eschbach and
Tonnelier, 1984; Obouayeba, 1993; Obouayeba et al., 1996) [12 25. 26, 291 Thjs practice
developed considerably after the discovery of the significant stimulating power of Ethephon,
a growth regulator releasing ethylene in situ (Abraham et al., 1968; d'Auzac and Ribaillier,
1969) [, Commonly used stimulants have as active ingredient 2-chloro-ethylphosphonic acid
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or Ethephon, which generates ethylene in laticifers,
specialized cells that make latex. The presence of ethylene
in these fabrics allows for an extension of the latex flow
time and a high rubber yield. More recently, Silpi et al.
(2006) [ showed that ethylene stimulation with Ethephon
significantly altered the sugar balance between supply and
demand in the latex-producing bark, while increasing
metabolic activation. In addition, very recent work
(Obouayeba et al., 2008) have shown that reverse tapping
on virgin bark preceded by nine years of descending tapping
significantly improves the rubber productivity (35%) of
rubber trees compared to those bled in descending on
regenerated bark. To take into account, the proven
productivity of reverse tapping relative to descending
tapping, the positive effects of ethylenic stimulation in order
to achieve the objective of determining the latex harvesting
systems likely to improve the productivity of the BPM 24
clone. Hevea brasiliensis from the tapping (opening), the
present study introduced the tapping in an upward semi-
spiral from the tapping as well as the application of different
strategies of ethylenic stimulation. It was carried out on the
experimental plantation of the CNRA / Bimbresso research
station in the south-west of Cote d'lvoire. This article
reviews and analyzes the results of seven (7) years of
experimentation on the different technologies or systems for
harvesting the latex of the BPM 24 clone at the opening in
order to determine the best one or the best.

2. Material And Methods

2.1. Plant material and experimental design

The BPM 24 clone was planted in June 2000 at a density of
510 trees per hectare (7 mx 2.8 m). The experiment began in
April 2006 with the tapping of trees. It has an average
growth, but weak after the tapping (Anonymous, 1993;
Obouayeba et al., 2000; Obouayeba, 2005) [> 30 281 |t is one
of the most planted clones in the world, occupying 50% of
the rubber plantations in Cote d'lvoire and 95% in villages.
It is characterized by low sensitivity to dry notch and
relatively low wind breakage (Chapuset et al. 2001) [, The
latex was collected in polyethylene bags (polybag). The
trees that were the subject of the experiment were chosen so
as to obtain homogeneity of circumference (average
circumference of 48.9 cm), and regularity of the trunk
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within each treatment. The experimental setup is completely
randomized where a tree is a repetition, with thirty-three
(33) trees per repetition (One tree plot design).

2.3. Treatments

The different treatments (Tableau 1) were as follows

(Lukman, 1983; Vijayakumar, 2008 and Vijayakumar et al.,

2009) [23,32, 42]-

A. Witness not bled.

B. S/2d46d/712m/12.ET2.5% Pal (1)0/y *at 1.20
m from the ground.

C. S/2d46d/712m/12.ET2.5% Pal (1)4/y *at1.20
m from the ground (without gradient).

D. S/2d46d/712m/12ET2.5% Pal (1) 8/yat1.20 m
from the ground (without gradient).

E. S/2d46d/712m/12. ET2.5% Pal (1) at 1.20 m
from the ground (increasing gradient):
4 [y foryears 1 and 2 (2 years),
8/y from year 3to 7 (6 years).

F. S/2d46d/712m/12. ET2.5% Pal (1) at 1.20 m
from the ground (decreasing gradient):
13 /'y for year 1 on panel BO-1,
81y, year 2 on panel BO-1,
10/y, year 3 on BO-2,
6/y, years 4 (B0-1) and 5 (B0-2),
4|y, years 6 (B0-1) and 7 (B0-2).

G. S/2d46d/712m/ 12.ET2.5% Pal (1) at 0.70 m
from the ground, with decreasing gradient:
13 /vy for year 1 on panel B0-1,
81y, year 2 on panel BO-1,
10/y, year 3 on BO-2,
6/y, year 4 (B0-2),
then,S/2U d4 6d/7 12 m/12.ET2.5% Pal (1) 8/,
years 5 to 7, annual alternation.

H S/2U d4 6d /7 12 m / 12. ET2.5% Pal (1) not
stimulated, years 1 to 7, annual alternation.

. S/2Ud46d/712m/12.ET2.5% Pal (1)4/y, years 1
to 7, annual alternation.

J. S/2Uudd6d/712m/12.ET2.5% Pal (1) 8/y, years 1
to 7, annual alternation.

K. S/2Ud46d/712m/12.ET2.5% Pal (1) 13/, years
1to 7, annual alternation.

Table 1: Description of the different treatments

N° Latex Harvesting

Treatments Technique Description
1 Absolute witness not bled
S/2 d4 6d/7 12 tapping in a descending s,_emi-spiral every 4 days With 1 day of rest per week, 12 months_out
2 of 12; 2.5% Ethephon stimulation based on 1 g of Stimulant Mix * per tree on a 1 cm wide

m/12.ET2,5% Pal(l) Ofy*

strip, zero annual application.

tapping in a descending semi-spiral every 4 days with 1 day of rest per week, 12 months out

3 m/lZ.E/TZZ(?gf;)dngfé) 2" of 12; 2.5% Ethephon stimulation' based on 1 g of Stimulant Mix * per tree on a 1 cm wide
strip, 2 applications per year.
S/2 d4 6d/7 12 tapping in a descending semi-spiral every 4 days with 1 day of rest per week, 12 months out
4 * of 12; 2.5% Ethephon stimulation based on 1 g of Stimulant Mix * per tree on a 1 cm wide
m/12.ET2,5% Pal(1) 4ly - Y
strip, 4 applications per year.
S/2 d4 6d/7 12 tapping in a descending semi-spiral every 4 days with 1 day of rest per week, 12 months out
5 m/12.ET2,5% Pal(1) 8y of 12; 2.5% Ethephon stimulation at the rate of 1 g of Stimulant Mix sur per tree ona 1 cm
(m) wide strip, 8 applications per year.
S/2 d4 6d/7 12 tapping in a descending semi-spiral every 4 days with 1 day of rest per week, 12 months out
6 m/12.ET2,5% Pal(1) 13/y of 12; 2.5% Ethephon stimulation at 1 g of Stimulant Mix per tree on a 1 cm wide strip, 13
(Bw) applications per year.
S/2 d4 6d/7 12 tapping in a descending semi-spiral every 4 days with 1 day of rest per week, 12 months out
7 m/12.ET2,5% Pal(1) 26/y | of 12; 2.5% Ethephon stimulation at 1 g of Stimulant Mix * per tree on a 1 cm wide strip, 26

(2w)

applications per year.

~g~
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S/2 d4 6d/7 12 tapping in a descending semi-spiral every 4 days with 1 day of rest per week, 12 months out
8 m/12.ET2,5% Pal(1) 39/y of 12; 2.5% Ethephon stimulation based on 1 g of Stimulant Mix * per tree on a 1 cm wide
(W) strip, 39 applications per year.
S/2 d4 6d/7 12 tapping in a descending semi-spiral every 4 days with 1 day of rest per week, 12 months out
9 m/12.ET2,5% Pal(1) 78/y | of 12; 2.5% Ethephon stimulation at 1 g of Stimulant Mix * per tree on a 1 cm wide strip, 78
(4d) applications per year.

2.4. Measurements made
The production was determined from rubber weighings, tree
by tree, carried out every four weeks. The transformation
coefficient was determined by treatment. This coefficient
was used to obtain from the fresh weight, the dry rubber
production in grams per tree and per bleed (g.a. s ). In
order to limit the effect of variable circumferences of the
tree trunk, the rubber production was also expressed in g. a°
1 slem? (gat s “t.em?) thanks to the estimation of the
latter (LESE), depending on the circumference at 1.70 m
from the ground (Obouayeba et al., 1996) 2
L.E.S.E (estimated bleeding notch length in cm)
Circumference at the end of the experiment (cm) / 2 Cos 30
°. This dry rubber production was expressed in grams, per
tree, per bleed and per centimeter of bleeding notch (g.a . s
Lem?) (g.at s L.em?) over a period of seven (7) years.
The following measurements were taken annually:
= Circumference at 1.70 m from the ground,
= Reading of dry notch, in order to determine the
percentages of diseased notch length (% LEM) and
totally dry trees (% Arb.secs).

The latex taken was used for the assay and measurement of
physiological parameters by the latex micro diagnostic
method (MDL). These were also measured annually. The
parameters taken into account in the MDL were the solids
content (Ex.S), the contents (mmol.I") of sucrose (Sac), of
inorganic phosphorus (Pi) and of thiol compounds (RSH)
latex. In practice, the dry extract is determined from one (1)
ml of latex taken and weighed before and after placing in an
oven for 24 hours. The difference in weight expressed as a
percentage indicates the dry extract. Inorganic phosphorus,
sugars and thiol compounds were measured from serum
trichloroacetic acid (TCA). This serum was obtained by
mixing 1 ml of latex and 9 ml of 2.5% TCA. Using a rod,
the coagulated rubber was squeezed out and then separated
from the 2.5% TCA. Finally, the various dosages were
carried out:
= sucrose (Sac) was determined by the anthrone method
of Ashwell (1957) Bl In the presence of concentrated
acid, the hexoses dehydrate to give a furfural which
reacts with the anthrone giving a blue-green color
whose optical density (OD) is read at the wavelength of
627 nm.
= inorganic phosphorus (Pi) was determined by the
method of Taussky and Shorr (1953) 81, method using
ammonium molybdate: Phosphorus is complexed by an
excess of ammonium molybdate. The complex formed
is then reduced by ferrous sulphate, giving a blue
coloration whose optical density (O.D.) is read at the
wavelength of 680 nm.
= The assay of thiol compounds (R-SH) was carried out
by the method of Boyne and Ellman (1972) ™ using
dinitro-2,2'-dithio-5-5'-dibenzoic acid (DTNB): The
compounds R -SH react with this acid to give thio-
nitro-benzoic acid (TNB) which absorbs strongly at 412
nm (Ellman reaction). TNB is revealed by Tris buffer
(yellow coloration).

3. Statistical analysis

Data for rubber production, trunk isodiametric growth
(circumference), MDL were subjected to analysis of
variance. For this purpose, we only considered the final
values of the physiological parameters to assess the
influence of the treatments on the physiological state of the
trees. The level of significance of the differences between
the means was estimated by the Newman-Keuls test at the
5% level. Principal component analysis was used to
determine the best latex harvesting system.

4. Results

4.1. Agronomic parameters

Regardless of the opening standard, in the case of
production expressed in g.a™ s %, five groups of latex
harvesting technologies or systems have been revealed.
Group 1, consisting of treatment G, recorded a production of
60 g.at s L. Group 2, with treatments C, D and E, gave a
production which oscillated between 54 and 57 g.a*. s 1.
Group 3, consisting of treatment F, gave a production of 52
g.al s 1 Group 4, formed from treatment K, produced a
production of 46 g.a . s 1. Treatments B, H, J and L, which
made up group 5, recorded productions of between 39 and
44 g.at. s 1. The trees of treatment G, bled in a descending
half-spiral and stimulated with a decreasing gradient (13, 8,
10 and 6 / y) the first four years, alternated by a bleeding in
a half-spiral upwards in years 5 to 7, gave the most
important rubber production. It was equivalent to that of the
trees of treatments C, D and E, bled in a descending half-
spiral and stimulated respectively 4 and 8 times per year and
with increasing gradient (2, 6 and return to 2 / y). The trees
of treatment F, bled in a descending half-spiral and
stimulated with decreasing gradient (13, 8, 10, 6, 4 and 2 /
y), presented a rubber production equivalent to that of the
trees of treatments C, D, E and K (bled respectively in an
ascending half-spiral, stimulated 8 times a year and opened
at 0.70 m from the ground). The K treatment displayed
similar rubber production to those of the H, J and L
treatments, bled in an upward semi-spiral and stimulated
respectively 0, 4 and 13 / y and open at 0.70 m from the
ground, as well as than that of the bled control treatment, in
a descending semi-spiral, unstimulated and open at 1.20 m
(Table 2). With regard to rubber production expressed in
g.at s-tcm? eight groups of latex harvesting technologies
or systems have been identified. Groups 1 and 2,
represented by treatments G and E respectively, showed a
production of 3.14 and 2.82 g.a. s “L.cm?, respectively.
Group 3, consisting of treatments C and D, gave a rubber
production between 2.69 and 2.73 g.a . s .cm™. Groups 4,
5, 6 and 7, composed respectively of treatments K, L, J and
B, recorded respectively productions of 2.50; 2.42; 2.29 and
2.02 g.at. s t.cm™. Group 8 was formed from treatment H
with a yield of 1.89 g.a % s L.cm. The trees in treatment G
gave the highest rubber production. It was equivalent to that
of the trees in treatment E. The trees in the treatments, bled
in a downward half-spiral and stimulated with a decreasing
gradient (13, 8, 10, 6, 4 and 2 / y), exhibited rubber
production. equivalent to those of the trees of treatments C,
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D, E and K (bled respectively in an upward semi-spiral,
stimulated 8 times a year and open at 0.70 m from the
ground). The K treatment displayed similar rubber
production to those of the H, J and L treatments, bled in an
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upward semi-spiral and stimulated respectively 0, 4 and 13 /
y and open at 0.70 m from the ground, as well as than that of
the control treatment, bled in a descending semi-spiral,
unstimulated and open at 1.20 m (Table 2).

Table 2: Agronomic parameters of the BPM 24 clone at opening according to different latex harvesting systems during 7 years of
experimentation

Treatments gals? galslcm? Acc. Anln
cm.an
A. Witness not bled - - 514 a
B.S/2d46d/712m/12.ET2.5% Pal (1) 0/y * at 1.20 m from the ground. 44d 2,02 ef 3,03b
C.S/2d46d/712m/12.ET2.5% Pal (1) 4/y * at 1.20 m from the ground (without gradient). | 54 ab 2,69 be 2,29 cd
D.S/2d46d/712m/12.ET2.5% Pal (1) 8/y at 1.20 m from the ground (without gradient). | 55 ab 2,73 bc 2,22 cd
E. S/2 d4 6d/7 12 m/12.ET2.5% Pal(1) at 1,20 m of the ground (increasing gradient):
4 |y for years 1 and 2 (2 years), 57 ab 2,82 ab 2,25 cd
8/y from year 3to 7 (6 years)
F. S/2 d4 6d/7 12 m/12.ET2.5% Pal(1) at 1,20 m of the ground (increasing gradient):
13 /vy, for year 1 on panel B0-1,
8 /vy, year 2 on panel B0-1,
136 /yy, vear Sfm 802 52 be 2,66 bcd 2,10d
6 /vy, years 4 (BO-1) and 5 (B0-2),
4]y, years 6 (BO-1) and 7 (B0-2)
G. S/2 d4 6d/7 12 m/12.ET2.5% Pal(1) at 0,70 m of the ground (increasing gradient):
13 /y for year 1 on panel BO-1,
81y, year 2 on panel BO-1,
10 /vy, year 3 on B0-2, 60a 3142 L76e
6/y, year 4 (B0-2), then, S/ 2 in an ascending half-spiral d4 6d / 7 12
m/12.ET2.5% Pal (1) 8/y, years 5 to 7, annual alternation
H.S/2Ud46d/712m/12.ET2.5% Pal (1) 0/ y, at 0.70 m from the ground, years 1 to 394 189f 249 ¢
7, annual alternation
J. S/2 U d4 6d/7 12 m/12.ET2.5% Pal(1) 4/y*, at.0,70 m from the ground, years 1 to 44 d 2,29 de 179¢
7, annual alternation
K. S/2 U d4 6d/7 12 m/12.ET2.57% Pal(1) 8ly, at_0,70 m from the ground, years 1 to 46 cd 2.50 bed 170
, annual alternation
L. S/2 U d4 6d/7 12 m/12.ET2.5% Pal(1) 13ly, at_0,70 m from the ground, years 1 to 44 d 2.42 cd 156
7, annual alternation

4.2. Physiological parameters

Regarding the physiological parameters (Table 3), after 7
years, the dry extract levels of the trees from the different
treatments were all of the same order of magnitude. At the
level of sucrose content, four groups have identified. Group
1, consisting of treatment H, showed a content of 46.27
mmol.IY. Group 2, identified by treatment B, gave a content
of 35.24 mmol.I"X. The trees of the C, D, E, F, J, K and L
treatments, which formed group 3, gave sucrose contents
between 22.63 and 28.91 mmol.IX. Group 4, represented by
treatment G, displayed a sucrose content of 19.67 mmol.I.
Overall, the sucrose content was good for all trees in all
treatments. Unstimulated trees exhibited the highest sucrose
contents. All of the stimulated trees had similar sucrose
contents. The trees in treatment G have the lowest sucrose
content. For the content of inorganic phosphorus, five
groups have been revealed. Group 1, consisting of
treatments B, C, E and F, showed an inorganic phosphorus
content which ranged from 17.00 and 19.63 mmol.I:. Group
2, consisting of treatment D, gave a content of 15.82 mmol.I°
L. Group 3, formed from treatments G, H and J, recorded an
inorganic phosphorus content of between 11.80 and 13.72

mmol.I"t. Treatment L, which gave a content of 10.10
mmol.I%, formed group 4 and group 5 with an inorganic
phosphorus content of 8.45 mmol.I'* was formed from
treatment K. Trees from all treatments gave good inorganic
phosphorus content except those from treatment K. For thiol
content, eight groups were identified. Group 1, represented
by treatment B, showed a thiol content of 0.88 mmol.I%.
Group 2, formed from treatment C, recorded a content of
0.76 mmol.I"Y. The trees of treatment H, with a content of
0.63 mmol.I", made up group 3. Treatment E, with a content
of 0.58 mmol.I"1, made up group 4. The group 5, composed
of treatments D and F, was characterized by a content of the
order of 0.54 mmol."*. With a content of 0.48 mmol.I*%, the J
treatment materialized group 6. Group 7, consisting of the K
and L treatments, gave respectively contents of thiol
compounds of 0.38 and 0.35 mmol..It. Depending on the
opening height, unstimulated trees displayed higher levels of
thiol compounds than stimulated trees. Trees opened and
stimulated at 1.20 m from the ground showed higher
contents than trees opened and stimulated at 0.70 m. The
same is true for unstimulated trees.

Table 3: Physiological parameters of the BPM 24 clone at opening according to different latex harvesting systems during 7 years of
experimentation

Treatments: Latex harvesting systems or technologies EE(O/: )e ¢ (mri?)? 1) Pi fin (mmol.IY) (rF;an(')lf'Iﬂ)
B.S/2d46d/7.ET2.5% Pal (1) 0/y *at 1.20 m from the ground 55,96 a 35,24 ab 19,63 a 0,88 a
0,
C.S/2d46d/7.ET2.5% P_al )4/ y * at 1.20 m from the ground 51.98a 28.91 be 17742 0,76 ab
(without gradient)

~g~
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D.S/2d46d/7.ET2.5% _Pal 1)8 /_y at 1.20 m from the ground 58.14 a 2744 be 15.82 ab 0,54 cd
(without gradient)
E.S/2d46d/7.ET2.5% Pal (1) at 1.20 m from the ground (increasing
gradient):
41y for years 1 and 2 (2 years), 52,54 a 27,55 be 17,57 a 0,58 ¢
8/y from year 3to 7 (6 years)
F.S/2d46d/7.ET2.5% Pal (1) at 1.20 m from the ground (decreasing
gradient): 13 /'y, for year 1 on panel BO-1,
81y, year 2 on panel BO-1,
107y, year 3 on BO-2, 49,78 a 24,60 bc 17,00 a 0,55 cd
6/y, years 4 (BO-1) and 5 (B0-2),
4]y, years 6 (BO-1) and 7 (B0-2)
G.S/2d46d/7.ET2.5% Pal (1) at 0.70 m from the ground, with
decreasing gradient: 13/ y for year 1 on panel BO-1,
81y, year 2 on panel BO-1,
107y, year 3 on BO-2, 55,16 a 19,67 ¢ 12,58 abc 0,34e
6/y, year 4 (BO-2), then,S/2U d4 6d/7 12
m/12.ET2.5% Pal (1) 8 /vy, years 5 to 7, annual alternation
H.S/2Ud46d/7.ET2.5% Pal (1) 0/y, 0.70 m from the ground, years 51722 4697 a 11.80 abc 0.63 be
1 to 7, annual alternation ' ' ' '
J.S/2Ud46d/712m/12.ET2.5% Pal (1) 4/y *, 0.70 m from the
ground, years 1 to 7, annual alternation 57.03a 25,22 be 13,72 abe 0,48 cde
K.S/2Ud46d/7.ET2.5%Pal (1)8/y, 0.79 m from the ground, years 52,89 a 27.12 be 8,45 ¢ 0,38 de
1 to 7, annual alternation
L.S/2Ud46d/7ET25% Pal (1) 13/y, 0.?0 m from the ground, years 5918 a 22,63 be 10,10 be 0,35 de
1 to 7, annual alternation

In the same column, the means assigned the same letter are not statistically different.

4.3. Determination of the latex harvesting technology
suitable for the BPM 24 clone upon opening

The correlation matrix between the parameters studied
(Table 4), revealed that the increase in tree trunk
circumference was positively correlated with the contents of
sucrose, inorganic phosphorus and thiol compounds in the
latex. Rubber production increased inversely with the
sucrose content of the latex and diseased notch length. The
contents of inorganic phosphorus and thiol compounds
evolved in the same direction as the length of diseased notch
and the rate of completely dry trees. The screening of these
studied parameters made it possible to obtain the Biplot
dispersion plan (fig 1). The parameters of increased trunk
circumference, sucrose and thiol compound contents were
strongly and positively correlated with the F1 axis (Table
IV). Rubber production, diseased notch length and rate of
dry trees were negatively correlated to the same axis which
contributed 59.01% to the total expressed variance. The
inorganic phosphorus content was positively correlated with
the F2 axis which accounted for 23.49% of the total
variance (Table 5). These two axes made it possible to
characterize the different latex harvesting systems. The J, K
and L treatments located in the quarter plane not including

any studied parameter, showed low values for each of the
studied parameters. The H treatment in the quarter plan with
the sucrose content showed a high content of this parameter,
low production, as well as low increases in circumference,
contents of inorganic phosphorus and thiol compounds, low
values of LEM and completely dry trees. In the quarter plan
with rubber production, diseased notch length and dry tree
rate, treatment G had the highest production, high LEM and
high dry tree rates. However, the contents of inorganic
phosphorus and thiol compounds, as well as the increase in
trunk circumference were of less importance. Treatments B
(unstimulated), C, D, E and F produced good average annual
increases in trunk circumference, good levels of inorganic
phosphorus and thiol compounds. Sucrose content is also
good, while rubber production is less important with high
rates of diseased notch length and dry trees. Their
membership in the quarter plan containing these parameters
clearly indicates this. All of these observations made it
possible to retain treatment C as that allowing the BPM 24
clone to better express its agronomic potential on opening.
In addition, it differs from the others by its very good
content of inorganic phosphorus and thiol compounds, close
to that of the unstimulated control, the reference.

Table 4: Correlation matrix between parameters studied

Acc Prod Sacc Pi RSH LEM Arb. secs
Acc 1
Prod -0,399 1
Sacc 0,696 -0,772 1
Pi 0,750 0,066 0,111 1
RSH 0,922 -0,436 0,611 0,792 1
LEM -0,226 0,651 -0,454 -0,103 -0,406 1
Arb secs -0,509 0,506 -0,492 -0,431 -0,609 0,896 1

In bold, significant values (excluding diagonal) at the alpha threshold = 0.050 (two-tailed test)
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Fig 1: Distribution of the different latex harvesting systems when opening the BPM 24 clone

Table 5: Correlation of variables with axes F1 and F2

Variables studied F1 F2

Acc 0,851 0,432

Prod -0,693 0,578

Sacc 0,786 -0,268

Pi 0,581 0,761

RSH 0,898 0,379

LEM -0,692 0,539

Arb secs -0,827 0,200

5. Discussion

5.1. Agronomic parameters

The downward half-spiral tappding systems performed
better than the upward half-spiral ones, with the exception
of the latex harvesting system, bled down four years and
then up the rest of the time, which gave the maximum of
rubber production. These results, especially that of the latex
harvesting system G, show that the rubber production
performance of the upward or reverse bled latex harvesting
systems is related to a previous downward tapping. These
results also indicate that a minimum time in years of
descending tapping is necessary to make reverse or
ascending tapping efficient. This period is at least equal to
four years of descending tapping, with regard to our results.
We are even justified in saying that the minimum delay in
the case of this study is, concerning the BPM 24 clone, five
years of descending tapping. This thesis is supported by the
fact that the work of Traoré, (2014) and (Obouayeba,
personal communication) have shown that the trees of the
BPM 24 clone under unstimulated rubber production have a
production level statistically equivalent to that of all other
treatments boosted in the 5th year of latex harvest. This is a
sign that all the stimulated and unstimulated rubber trees
(control) have, at the end of the 5th campaign, a level of
activation significantly of the same or identical order of
magnitude. Indeed, observation of the evolution curves of
this parameter makes it possible to note that with the
exception of the control not stimulated in reverse, whose
tendency is sawtooth with a peak of production in the 6th
year of harvest of the latex, all other latex harvesting
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systems showed maximum production in year 5. This
illustrates the fact that regardless of the direction of tapping
and the stimulation regimen, the overall activation of the
bleeding tree (BPM 24 clone) occurs after five years. And as
at this stage, no reverse tapping latex harvesting technology
from the opening has been shown to be effective relative to
latex downhill harvesting technologies, this implicitly
suggests the exclusion of all latex harvesting technologies
from. This nature in the management of the BPM 24 clone
and probably of the moderately metabolized clones. This
assertion is supported by the rubber production results of the
G Latex Harvesting System which we rate as good.
However, the high dry notch rate displayed by the G
treatment is the expression of what he probably must have
suffered, from an increase in metabolic activation linked to
an excess of energy probably coming from the precocity of
reverse tapping (Gohet et al., 1991) %1 and especially the
intensification of the latex harvesting system by a
stimulation regime can be strong for the latex harvest years
concerned. These results highlight the very important role of
the activation of the rubber production metabolism at the
origin of the performance of laticifers, as demonstrated by
several authors (Jacob et al. 1988, 1994, 1995 a and b;
Obouayeba et al. 1996 and Silpi et al., 2006) [2% 18 20, 29, 35]
This is because the tapping and hormonal stimulation of
rubber production provide energy to the rubber plant that is
the laticiferous cell (laticifer; Jacob et al., 1995a) [*8l. This
process, which is essential in the efficiency of isoprene
synthesis, is amplified over time and probably explains the
poor performance of upward bleeding upon opening, yet
effective as noted by Obouayeba et al. (2008) 21,

Our results also show the efficiency in rubber production of
systems with increasing gradient of stimulation over those
with decreasing gradient. In fact, the bloodletting, by stress,
resulting from the trauma (Chrestin, 1985) [ that it induces,
would activate the metabolism of laticifers in the same way
as hormonal stimulation, by production of ethylene. This
ethylene is produced and released during stress in the tissues
to act by activating the entire process of synthesis of the cis-
polyisoprene or rubber molecule (Lacrotte, 1991) 22, In
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addition, the presence of this hormone in these tissues
allows an extension of the flow time of the latex and a high
yield of rubber. Due to the action of ethylene on glycolysis,
there is a production of energy necessary for the
transformation of the cis-polyisoprene molecule into rubber
(Jacob et al., 1998) 9. This clearly explains the fact that
hormonal stimulation with increasing gradient is more
efficient than that at single intensity, reflecting an activation
of the laticiferous metabolism. The tapping in an upward
semi-spiral being very productive, it requires good
activation by the exogenous energy associated with the
bleeding and the stimulation before its implementation.
Hence, the downward half-spiral tapping for four years
strongly activated the metabolism through its action and
promoted better production when it was alternated by the
upward half-spiral bleeding. This probably explains the fact
that, the alternation between tapping in a descending half-
spiral and tapping in an ascending half-spiral after 4 years,
allowed to have the highest production of rubber.

The average annual increase in girth of non-bled trees is
greater than that of bled trees. This situation comes from
this This is due to the fact that the tapping of rubber trees
results in the diversion of a fraction of the photosynthetic
assimilates and of the necessary energy, strictly assigned to
the general metabolism of the tree and to the primary
biomass (leaves, wood and bark). It thus directs the
metabolism towards regeneration of the cellular material
exported during tapping and corresponding to the synthesis
of secondary biomass, as demonstrated by Jacob et al.
(1995a) 18, The consequence is a reduction in radial
vegetative growth which resulted in a decrease in the trunk
circumference of bleeding trees compared to that of non-
bled trees (Gohet, 1996) 81, Our results are analogous to the
observations of Paardekooper et al. (1975), from Obouayeba
and Boa (1993) 25 261 and Gohet, (1996) 6], Obouayeba et
al. (2002) and Obouayeba, (2005) 281, These authors have
shown that tapping is inevitably accompanied by a reduction
in the annual rate of vegetative growth. The ethylenic
stimulation intensification of the technique of harvesting
latex from a tree resulted in a decrease in trunk
circumference compared to an unstimulated control. In fact,
the orientation of energy and photosynthetic assimilates
towards the production of latex comes at the expense of
vegetative growth (Gohet, 1996) 161, It is the fact that, the
hormonal stimulation, by its effect, increases the production
of rubber by strongly orienting the hydrocarbon assimilates
towards it to the detriment of the vegetative growth. This
results in a decrease in the thickness growth of the trunk of
stimulated trees compared to unstimulated trees (Templeton,
1969; Gohet, 1996; Obouayeba et al., 2002; Obouayeba,
2005) [39 16, 281 Therefore, in stimulated trees, there is a
decrease in trunk circumference with the increase in the
number of annual stimulations, partly responsible for the
increase in production.

5.2. Physiological parameters

The different treatments had no impact on the dry extract
level of the latex. This reflects good regeneration of the
latex exported during tapping due to the dry extract level
which reflects the biosynthetic activity of laticifers (Milford
et al., 1969) 4. Sucrose content was good for all trees in all
treatments. Unstimulated trees exhibited the high levels of
sucrose. All the trees stimulated had similar productions.
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The trees of treatment G have the lowest sucrose content,
probably because of the high rubber production displayed.
This is a sign of a good supply of sucrose in laticifera, a raw
material necessary for rubber biosynthesis (Prévot et al.,
1986). This supply indicates that there is permanently
available sucrose in the laticifers, allowing good rubber
production. The sucrose content of the G treatment is the
result of the good rubber production it generated. Indeed,
this sucrose has been heavily used for the production of
rubber as shown by Lacrotte (1991) [?2, Gohet (1996) [
and Jacob et al. (1998) [, The inorganic phosphorus
contained in the latex can be considered as an indicator of
the intensity of the energy metabolism of laticiferous cells
(Jacob et al., 1988) 21, Trees from all treatments gave good
inorganic phosphorus content except those from the K
treatment, reflecting better availability of the energy
required for rubber biosynthesis. This exception is certainly
due to a metabolic dysfunction caused by this latex
harvesting system in the sense that the trees subjected to this
treatment have retained a good sucrose content (Gohet,
1996) [161,

Thiol groups, in their reduced form R-SH, are capable of
neutralizing toxic forms of oxygen (Chrestin, 1984) [€l,
These are antioxidants which protect the cellular
compartmentalisation of the latex including that of lutoids,
and consequently the functioning of laticifers. Unstimulated
trees displayed higher levels of thiol compounds than
stimulated trees. This is explained by the fact that, the
intensification of the metabolism of the clones by the
stimulation leads to an increasingly intense stress, resulting
in a weakening of the protective systems and resulting in
"physiological fatigue".

6. Conclusion

A T7-year study of Hevea brasiliensis clone BPM 24 latex
harvesting systems at opening has yielded convincing
results. They indicated that the bleeding at 1.20 m from the
ground (descending tapping) gives better results compared
to that at 0.70 m (ascending tapping) not preceded by a
descending tapping for a minimum delay equivalent to 4
years. The latex C harvesting system (S/2d46d/7 12 m/
12.ET2.5% Pal (1) 4 / y at 1.20 m from the ground (no
gradient)) is probably best suited to the clone GT 1 at the
opening. Even though, the downward half-spiral bleeding
for four years from 1.20 m above the ground, alternated by a
half-spiral tapping up to 0.70 m, has been shown to be more
productive, with little effect. harmful to radial vegetative
growth, good levels of sucrose and inorganic phosphorus in
tree latex. In addition, our results indicate that inverted
tapping (upward half-spiral or quarter-spiral) can be
introduced at least from the fifth, probably from the sixth,
year of harvesting the latex.
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