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Abstract — Tapping panel dryness (TPD), characterized by
latex out-flow stoppage after tapping, affect latexproduction
in rubber tree, Hevea brasiliensis. To evaluate the sensitivity
to this syndrome, 13 clones with good agronomic vats were
subjected to agronomic and physiological practicesThis
survey was conducted under production conditions usg
various Ethéphon stimulation frequencies during fie years.
Analyses of variance and comparisons of averages nwe
achieved from the lengths of sick panel (LSP) coltéed
during the first five years of latex production. Results showed
that the syndrome of TPD is under the influence o genetic,
physiological and hormonal determinism. The clone B 217
confirmed its adherence to the class of low sensitly to TPD.
It was the same as the clone GT 1 for the class wioderate
sensitivity and the clone PB 235 for the class ofigh
sensitivity. The different variations of the stimuhtion
frequency, of the duration of rubber production and the
combination of the two factors, have influenced the
sensitivity to TPD of the twelve clones except thelone IRCA
41 that remained steady in the class of very low ssitivity.
This clone thus has good agronomic and physiologicskills.
The clone IRCA 41 deserves to be promoted and poprized
by preference in the non-industrial sector to incrase the
rubber production in Cote d’lvoire.

Keywords — Rubber tree Hevea brasliensis, Stimulation
frequency, Duration of rubber production, Sensitiviy to
tapping panel dryness, Clone, Cote d’lvoire.

|. INTRODUCTION

The Ivorian development plan is considering 600,008
tons of dry rubber by 2025. To achieve this, rubb

users' needs, in the sense that the tapping, atameot
permit to valorize the rubber production potentiedi of
all cultivated clones groups, because of theiredifit
metabolic activities [21]-[23].

Thus, systematically, to the tapping system, issddtie
hormonal stimulation of rubber production through
policy or strategy of hormonal stimulation of rubbe
production [16]-[31]-[41]. Hormonal stimulation afibber
production in rubber tree involves applying a sfeting
product on the tapping panel[14]-[25]-[28]. Theéfhily
used stimulating products have the 2-chloro-ethyl-
phosphonic acid or Ethephon for their active suizsa
which generates ethylene in lacticifers: specidlizells
generating the latex. The presence of ethylenehin t
tissues permits to prolong the duration of latex-fmw
and to get a more important rubber-yielding. Howeead
clones do not have the same reaction to this stitionl.

Thus, clones with active or fast metabolism have a
pretty good reaction to hormonal stimulation, thesth
moderate metabolism give a good reaction to horinona
stimulation and finally the slow metabolism clores/e a
very good reaction to stimulation [42]-[46]-[13].hiB
practice developed itself considerably after thecalery
of the important stimulating power of Ethephon; wito
regulator releasing ethylemesitu [1]-[10]. Recently, [40]
showed that the ethylene stimulation with Ethephon
significantly modifies sugar balance between thppbu
nd demand in the bark producing latex, while iasirg

a

dpetabolic activation [8]. Other works [41]-[43]-[#Bave

growers can increase the planted area and/or Eerie shown that the use of hormonal stimulation, notabby

productivity of their plantation [23].The non-indrial

sector is characterized by low productivity (< 120

kg/ha;[3]), despite the implementation of varioygians
to improve the level of rubber production. In faletiex

harvest technology in rubber tree requires specialTaking

conditions and practices that are not respectedamon-
industrial sector where there is a high tendencysiog
various latex harvest techniques. Indeed, in rulbies,
unlike other species that produce fruits, seedstsror
tubers, etc., latex production results from thectica of
tapping.

The tapping consists in making an incision or ahsla
so-called panel tapping in the bark of the trunkudsber
tree which causes the out-flow of latex [18]-[48B].The
tapping of trees in a plantation permits to prodoatural
rubber [44]. But, this production cannot be modedato

application of Ethephon, increases the productiolatex

@rubber) while allowing reduce the needs for tappéne

tapping frequency or even the intensity of theXdtarvest
technology.

into account of all these considerations
associated with hormonal stimulation in the managgm
of a rubber plantation is essential to reach armoph
level of rubber production of the trees without siag
damage to them [26]. In Africa and particularly @dte
d’lvoire, the vast majority of rubber growers has@me
control of the tapping systems (tapping frequenog a
length of the tapping panel). On the other hand th
stimulation system of the production is very little
controlled. Indeed, in practice, an abusive useocofnonal
stimulation to expect an indefinite increase in berb
production is observed. However, the excessive
application of the stimulation can cause, in thegléerm,
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the stoppage of the latex out-flow of the treestandfag a the active ingredient of the stimulating productrkesed
fall  of rubber production [32]-[33]-[35]. This as Ethrel. These treatments are: 0; 2; 4; 6; 813@nd 26
phenomenon, which leads eventually to a complesimulations per year.
stoppage of latex production in the tree is catiuping D. Data collection
panel dryness (TPD) syndrome [15]-[22]. It causissés A visual record of dry panel (RDP) was performed pe
in the latex production from 15 to 20 % [11]-[3@kich is month on all test trees according to the methof#4df.
a loss of profit for rubber growers. TPD is theref@ The RDP is a visual appreciation of the latex dtmuyf
major concern for rubber cultivation in Cote d’lv@i after tapping in trees in rubber production. loat to
Several studies to explain this phenomenon havershodetermine the real length of panel that doesn’tdpce
that it is not due to a pathogenic agent [38]-[24]. anymore latex in a tree or length of sick panel RLS
Recent investigations on the cause of this syndronmiring the RDP, all trees which have a normal laiak
indicate that it is a physiological dysfunction 12 flow on the whole length of the panel after tappingre
[19]whose causes remain unknown, however. Recetdnsidered as "healthy" trees and scored zero T
studies have shown that some clones are moreigertsit others were considered as trees affected by tapwing!
TPD than others [34]. The development of TPD i alsdryness (TPD) and were noted from 1 to 6 accorthirthe
influenced by physiological and hormonal factorstsas |ength of latex non-producing panel. Thus, thecfelhg
the duration of rubber production and the stimofati classes of percentage of latex non-producing paset
frequency [6]-[34]. To identify the rubber cloneitwhigh  constituted:
level of agronomic and physiological performancdestt - 1 - 20 %, noted 1, trees affected by very low levl
show little sensitivity to TPD, this study of thensitivity TPD:
of clones to TPD has been led. It was carried outh@ - 21- 40 % noted 2, trees affected by low level obTP
nearly totality of the rubber clones currently glhin - 41 — 60 %, noted 3, trees affected by medium lefel

Céte d'lvoire. TPD:
- 61 — 80 %, noted 4, trees affected by relativelghhi
. MATERIAL AND METHODS level of TPD;
- 81 —99 %, noted 5, trees affected by high levalRD ;
A. Sudy site - 100 %, noted 6, trees affected by total TPD ortregs.

The works of this study were performed in experitaen  The raw data of RDP for the first five years ofeat
plantations of the CNRA-Bimbresso research statigaroduction of the clones were collected.
located in Anguédédou in south-eastern Cote dévoilE Data analysis
(4°75'-5°75'N, 3-6°W). This region is characteriz&la  The RDP raw data permitted to determine the lenfth
bimodal rainfall with two rainy seasons and two dryick panel (LSP) by treatment of each clone acogrdd
seasons and the annual average rainfall of 1,600The the following equation [2]: LEM = (0,1 n1 + 0,3 #20,5
soil is acid (4 < pH< 5) ferralitic, deep and highly n3 + 0,7 n4 + 0,9 n5 + 1 n6) / N. In this equatiNris the
desaturated on the tertiary sand. This region isgfadhe number of trees per treatment; the coefficients;(0,3;
traditional area of rubber cultivation in Cote diire. 0,5; 0,7; 0,9 and 1) correspond to the averagethef
B. Plant material percentage classes of latex non-producing pangjtien

This study was performed with 13 clones ldévea and the numbers n1, n2, n3, n4, n5 and n6 repréisent
brasiliensis (AF 261, PB 235 AVROS 2037 GT 1, PB 217 numbers of trees observed per class of percenfdgter
PB 260, 100 RRIC, IRCA 230, IRCA 130, PB 254, IRCAnon-producing panel length.
209, RRIM 712, and IRCA 41). These clones repretent  The analysis of variance of the LSP of clones, mesk
majority of clones currently planted in Céte d’Ismi They during the first five years of rubber productionl al
come from experimental plantations of the CNRAstimulation frequencies included, was carried oustudy
Bimbresso research station situated in Anguédéddue effect of the genetic factor on the sensitigityubber
located in south-eastern Cote d'lvoire. clones to TPD. LSP being proportions and not foifagna
C. Experimental design normal distribution, they were transformed into /io

Each of the 13 clones was planted at a densityl6f 5Square Root of LSP (ASINLSP) to make the distritnuti
treess/ha (7 x 2.80 m) and made the subject d&formal and to stabilize the variances in order &kenthe
experimentation. The experiment was repeated thrggalysis possible [9]. Duncan statistical test alpsk of 5
times. All clones have been tapped seven years afté was used with SAS version 8.2 software for the
planting. All trees were half spiral down tappedalhfour ~comparison of LSP averages and the constitution of
working days (S/2 d4 6d/7), with a rest day on $ynd groups of clones, duration of rubber production and
The experiment focused on the first five yearsaiex stimulation frequency. The model of the analysis wee
production. The experimental design used is thglsimee additive modelXijk = p + ai + bj + ck +Zijk with p =
design "One Tree Plot Design", a tree being a itspet LSP experimental average; a = effect of the cldne;
Test border trees were not taken into account.tides of effect of the year; ¢ = effect of the treatmers; mumber
each clone were divided into eight treatments. Eadf clones; j = number of years; k = number of tnerits
treatment included 33 trees and corresponds tcnanad andXijk = interaction between the factors.
stimulation frequency to Ethephon (ET 2.5%) applied For the study of physiological and hormonal fagtors
trees either, eight stimulation frequencies. Theephon is determined by the duration of rubber production &l
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stimulation frequency, the same analyzes were adedu RRIC 100). In PB 260 and PB 235 clones constitutirey
on the one hand, to establish the relation betwed&b group, very high TPD rates were observed.

Ethephon (ET 2.5%) stimulation class and the seiigit Table 2.Analysis of variance table of sick paneigths

of the clones to TPD and secondly to establistréketion  ofl3rubberclonesin rubber production during fiveange
between the duration of rubber production and thall stimulation frequencies to Ethephon (ET2.5 %)
sensitivity of clones to TPD. In the case of thimstation, confused

the highest stimulation frequency in each class ofSourceof |Degreeof Sumof | Mean | F | Signification
stimulation frequencies was chosen and variatidrthe | variation | freedom| square | squares value| — Pr>F
sick panel lengths in the 13 rubber clones werdyaed. deviations
For the duration of rubber production, classes af “°" 12 8208 | 0267 |7.572| <0.0001"
stimulation frequency were replaced by duratiomubfoer Residual | 457 16.135 | 0.035
production. Total 469 19.343
***: \ery highly significant
lll. RESULTS 3.2 Physiological effect due to the duration of rubber

production
\ , The lengths of sick panel (LSP) of the first fiveays of
The lengths of sick panel (LSP), measured in 1®eub . ,pner production measured in the 13 rubber cloats,

clones during the first five years of rubber praét g4im iation frequencies to Ethephon (ET2.5 %) corati
irrespectively of the stimulation frequency, vari#@m | -.iad from 0.79 to 3.31 % (Table 3).
0.3710 4.38 % (Table 1). Table 3.Classification of rubber production durasicoy

Table s comparison of averages of sick panel lengths medsar
1.Classificationofl3rubberclonescomparedtoaveraget  13.,pberclones. all stimulation frequencies to Bt
sick panel lengths measured during five years bbeu (ET2.5 %) COI’]fL;SQd

3.1 Genetic effect (Clone)

production, all stimulation frequencies to Ethepligin2.5 Rubber | ASIN LSP [Groupso| LSP | CV (%) of
%) confused production| LSP |averages (% rubber | averages groups of
Clones ASIN LSP Groups LSP CV (%) durations | averages of rubber | produc-| (%) of rubber
LSP averages|of cloneg averages of production| tion |groups of production
averages| (%) of (%) of | group of duration | duration| rubber | duration
clones groups | clones produc-
of clones tion

IRCA 41 0.06 0.37 c1 0.37 - duration

First year 0.12 0.79 D1 0.79 -
PB 217 0.17 0.95

Second yeaf 0.22 1.98 D2 1.98 -
AF 261 0.17 1.41 c2 1.36 3.33

Third year 0.27 2.64
RRIM 712 0.18 1.73

Fourth year | 0.30 3.25 D3 3.07 5.39
AVROS 2037|  0.22 1.88 _
IRCA 130 022 518 s 220 £ 02 Fifth year 0.28 . 3.31 -
IRCA 209 024 549 : : LSP: length of sick panel, ASINLSP: Arc Sine Square
o1 024 525 Root of LSP, CV: coefficient of variation. The coamnison
PB 254 027 277 of averages was performed with the Duncan stadisticst
IRCA 230 0.27 283 ca »86 )11 risk o= 5 %with the values of LSP converted into Arc Sine

' ' Square Root of LSP (ASINLSP).
RRIC 100 0.28 2.98 ! S . .
A very highly significant "duration of rubber

PB 260 0.36 426 | 432 382 production” effect was revealed by the analysigasfance
PB 235 0.38 4.38 of these data (Table 4). The durations of rubbedyxction

LSP: length of sick panel, ASINLSP: Arc Sine Squarwere structured into three distinct groups D1, D2 ®3
Root of LSP, CV: coefficient of variation. The coanigon of sensitivity to TPD by comparison of LSP averages
of averages was performed with the Duncan stadistast (Table 3). These groups had low coefficients ofatam.
risk o= 5 %with the values of LSP converted into Arc Sindn the first year of rubber production, low ratesT&D
Square Root of LSP (ASINLSP). were observed. They were medium after two years of

Analysis of variance of these data showed a veghlizi rubber production and increased gradually from ttrie
significant "clone" effect (Table 2). Comparison I8P  Yyear.
averages permitted to classify clones into fivetimiis Table 4. Analysis of variance table of sick pamelgths
groups C1, C2, C3, C4 and C5 according to the téhsi of five years of rubber production measured in aidber
to TPD (Table 1). These groups showed low coefiitsie clones, all stimulation frequencies to Ethephon(5T%)
of variation. The C1 group included only the IRCA 4 confused
clone which presented the lowest rate of TPD. TR®T
rates were low among clones of the C2 group (PB &E7
261, RRIM 712), moderate in clones of the C3 group
(AVROS 2037, IRCA 130, IRCA 209 and GT 1) and high
among clones of the C4 group (PB 254, IRCA 230 and
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***: \ery highly significant

3.3Hormonal effect due to the stimulation frequency
The lengths of sick panel (LSP) of the eight stetioh

frequencies measured during the first five yearsubber

production all rubber clones combined, varied frbr85

to 5.71 % (Table 5).

Table 5.Classification of stimulation frequencies t

Ethephon (ET2.5 %) compared to averages of siclelpa

lengths measured during five years of rubber pribdiudn

all13rubberclonesconfused

Source of [Degree 0] Sum of Mean |F value| Signification Source of |Degree of Sum of Mean |F value Signification
variation | freedom| square | squares Pr>F variation freedom| Squares | squares Pr>F
deviations deviations
Duration of Stimulation -
rubber 4 2.090 0.523 | 14.083| < 0.0001 *** | frequency ! 2.052 0.293 | 7.832] <0.0001
production Residual 462 17.291 0.037
Residual 465 17.253 0.037 Total 169 19343
Total 469 | 19.343 =% \/ery highly significant

3.4Relation between the stimulation class to
Ethephon (4/y) and the sensitivity of clones to
tapping panel dryness

At four stimulations to Ethephon (ET 5 %) per year
(4ly), the lengths of sick panel (LSP) measuretha 13
rubber clones during the first five years of rubber

roduction varied from 0.12 to 4.19 % (Table 7).

able 7. Classification of 13 rubber clones comgaie
averages of sick panel lengths measured duringyfees
of rubber production, at a frequency of 4 stimulasi to

Stimulation | ASIN |LSP averagg Groups LSP CV (%) 0
frequencies | LSP (%) of of stimu-| averages| of groupg Ethephon (ET2'5 A)) per year (4/y)
ave- | stimulation | lation (%) of | of stimu- Clones | ASINLSP| LSP Groups| LSP | CV (%)
rages| frequen- | frequen-| groups of| lation averages | averages|of clones averages| of
cies cies stimu- | frequen- (%) of (%) of |groups o
lation cies clones groups | clones
frequen- of clones
cies IRCA 41 0.05 0.12
0 stimu- 017 135 AF 261 0.06 0.18 Sic1 018 24.12
lation/year AVROS
imu- 0.08 0.23
2 stimu 0.17 1.15 s1 1.34 3.33 2037
Iat|OnS/year GT1 0.11 0.49
4 stimu- s1C2 0.78 16.97
lations/year 0.18 1.53 RRIM 712 0.14 1.08
6 stimu- IRCA 230 0.20 1.50
lations/year 0.23 198 S2 1.8 ) PB 254 0.22 1.71
&Signm;-ear 0.27 281 PB 217 0.24 1.71 S1C3 1.71 10.29
0 S PB 260 025 187
lations/year 0.28 2.89 S3 3.03 2.92 PB 235 0.26 176
;:iisgg;uéar 0.29 339 IRCA 130 0.29 2.76
56 o Y IRCA 209 0.31 4.19 S1C4 3.68 6.45
stimu-
lations/year 0.39 571 S4 5.71 - RRIC 100 0.34 4.08

LSP: length of sick panel, ASINLSP: Arc Sine SquaréSP: length of sick panel, ASINLSP: Arc Sine Square

Root of LSP, CV: coefficient of variation. The coamnigon
of averages was performed with the Duncan stadisticst

Root of LSP, CV: coefficient of variation. The coanigon
of averages was performed with the Duncan stadisticst

risk a= 5 %with the values of LSP converted into Arc Sinéisk a=5 % with the values of LSP converted into Arc Sine

Square Root of LSP(ASINLSP).

A very highly significant "stimulation frequencyffect
was revealed by the analysis of variance of thasa d
(Table 6). Four distinct stimulation frequenciesups of
sensitivity to TPD were formed S1, S2, S3 and Sblg
5). The coefficients of variation of these groupersviow.
The S1 group (0; 2 and 4 stimulations per yearjded

Square Root of LSP (ASINLSP).

The analysis of variance of these data showed a
significant "clone" effect (Table 8). The structiima of
clones by comparison of the LSP averages permitied
classify them into four groups S1C1, S1C2, S1C3 and
S1C4 according to the sensitivity to TPD (Table 7).

Table 8.Analysis of variance table of sick panagtés of

low LSP. The induced LSP were medium in the S2 groul3 rubber clones in rubber production during fieans, at

(6 stimulations per year) and higher in the S3 gr(8) 10

a frequencyofdstimulations to Ethephon (ET2.5 %) pe

and 13 stimulations per year). The S4 Group (2gear (4ly)

stimulations per year) induced very high LSP.
Table 6. Analysis of variance table of sick pamelgths of

eight stimulation frequencies to Ethephon (ET2.5 9

measured during five years of rubber production,
rubber clones confused

Source of |Degree o] Sum of Mean F Signification
variation | freedom| squares | squares value Pr>F
N deviations
I¢|0ne 12 0.5763 | 0.0480| 2.14 0.0313 *
Duration of
rubber 4 0.2366 | 0.0591| 2.64 0.0452 *
production
Residual 48 1.0765 | 0.0224
Total 64 1.8895
*. Significant
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3.5 Rdation between the stimulation class to during five years of rubber production, at a fragueof
Ethephon (6/y) and the sensitivity of clones to 13 stimulations to Ethephon (ET 2.5 %) per yearyj13

. q 0,
tapping pad dryress S P I e St
When six stimulations to Ethephon (ET 5 %) per year (%) of |clones| ofclones | groups
(6/y) were applied to the 13 rubber clones durhmg first clones of clones
five years of rubber production, the measured L&8fed |IRCA209 0.10 0.37
from 0.50 to 6.86 % (Table 9). IRCA 41 011 086 | o0y 079 2264
Table 9. Classification of 13 rubber clones comgaie [IRCA 130 0.15 1.14 ' '
average of sick panel lengths measured duringyleas |PB 217 0.16 0.81
of rubber production, at a frequency of 6 stimulasi to |RRIC 100 0.18 1.27
Ethephon (ET2.5 %) per year (6/y) RRIM 712 0.20 1.95
Clones ASINLSP LSP  |Groups o LSP CV (%) AF 261 0.29 2.20 S3C2 2.44 22.09
averages ag)z;agfes clones ag)z;agfes of g(;?uph IRCA 230 0.29 3.12
clones groups of| clones GT1 0.29 3.68
clones AVROS 0.37 369
IRCA 41 0.06 0.60 soc1 0.55 0.00 §%32754 — — S3C3 3.76 3.72
RRIM 712 0.07 0.50 et 0-51 6'52
PB 217 0.16 0.86 : :
AVROS 015 ™ S2C2 1.03 8.32 PB 260 0.57 832 |S3C4 142 7.86
2037 ' ' LSP: length of sick panel, ASINLSP: Arc Sine Square
AF 261 0.22 1.58 Root of LSP, CV: coefficient of variation. The coanjson
RRIC 100 0.26 175 of averages was performed with the Duncan stadisticst
PB 254 0.26 2.02 risk a=5 % with the values of LSP converted into Arc Sine
PB 260 0.31 2.49 S2C3 2.59 14.46 Square Root of LSP (ASINLSP).
IRCA 230 0.31 3.70 The analysis of variance of those data showed @ ver
IRCA 130 0.31 3.40 highly significant "clone" effect (Table 12). Comisan
GT1 0.34 3.17 of the LSP averages permitted to classify the ddn&
PB 235 0.43 476 soca 581 6.8 four distinct groups of sensitivity to TPD S3C1,C23
IRCA 209 0.47 6.86 S3C3 and S3C4 (Table 11).

LSP: length of sick panel, ASINLSP: Arc Sine Squardable 12.Analysis of variance table of sick parmgigths
Root of LSP, CV: coefficient of variation. The coanjzon ofl3rubberclones in rubber production during fiveass,
of averages was performed with the Duncan staistést at a frequency of 13 stimulations to Ethephon (B%).
risk a=5 % with the values of LSP converted into Arc Singer year (13/y)

Square Root of LSP (ASINLSP). Source of |Degree ol Sumof | Mean F | Signification

A highly significant "clone" effect was observedaple | Vvariation | freedom|  squares | squares value| — Pr>F

. s deviations

10). The clones were structured into four distigiups 5ma 2 13310 | 0.1109 | 2911 <0.0001+=
S2C1, S2C2, S2C3 and S2C4 according to the setsitivipyration of
to TPD (Table 9). rubber 4 0.4500 | 0.1125| 4.98 | 0.0019 *
Table 10.Analysis of variance table of sick pamegigths [production
ofl3rubber clones in rubber production during fixemrs, $§;ﬁ“a' Ny e
at a frequency of 6 stimulations to Ethephon (ET%)p :
per year (6/y) **: Highly significant; ***: Very highly significart

Source of | Degree| Sum of Mean F Signification 3.7 Redation between the stimulation class to

jiation | of free-| squares | s > e

varia hee-| sduares | squares value|  Pr>F Ethephon (26/y) and the sensitivity of clones to
Clone 12 0.8784 | 0.0732] 3.19| 0.0020 ** tapping panel dryness
Duration of The lengths of sick panel (LSP) of the 13 rubbenek
rubber 4 0.4796 | 0.1199| 5.23| 0.0014 ** subjected to 26 Ethephon (ET 2.5 %) stimulationsypar
production (26/y) during the first five years of rubber protion
Residual 48 | 11007 | 0.0229 ranged from 0.25 to 13.50 % (Table 13).
Total _ 64 | 24588 Table 13. Classification of 13 rubber clones by
**: Highly significant comparison of the averages of sick panel lengttesored

3.6 Relation between the stimulation class to during five years of rubber production, at a frawgyeof
Ethephon (13/y) and the sensitivity of clones to 26 stimulations to Ethephon (ET 2.5 %) per yeary(26

tapping panel dryness Clones | ASINLSP| LSP |Groupso| LSP CV (%)

When the 13 rubber clones were stimulated to Etbiéph averages a(v%agfes clones ag)z;agfes groS;so

(ET 2.5 %) 13 times per year (13/y) during thetffr_se clones groups of | clones

years of rubber production, the measured LSP vdraed clones

0.37 t0 8.32 % (Table 11). IRCA 41 0.06 025 | S4Cl | 025 0.00

Table 11. Classification of 13 rubber clones byB217 0.15 0.65 132 | 1664
RRIM712 | 0.19 1.99 | s4c2

comparison of the averages of sick panel lengttesored
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IRCA 209 0.25 2.10 rubber production (D1), all stimulation frequendes
IRCA130 | 0.33 4.10 Ethephon (SD2.5%) confused
{;(\)/;OS 0.37 367 | €3 | 353 | 1848 Clones | ASINLSP| LSP | Groups| LSP | CV (%)
averages | averages of averages| of

GT1 0.39 4.27 (%) of clones (%) of |groups o
PB 254 0.40 4.85 clones groups | clones
AF 261 0.42 4.48 542 583 of clones
IRCA 230 0.42 5.61 S4C4 IRCA 230 0.01 0.01
RRIC 100 0.45 6.76
PB 260 0.73 | 13.6 1338 | 0.96 a4l | 005 Gos | PicL | 003 | 4714
PB 235 0.74 13.50 S4C5 RRIC 100 0.02 0.04
LSP: length of sick panel, ASINLSP: Arc Sine Squar@rCA 209 0.04 0.15
Root of LSP, CV: coefficient of variation. The coanjgon |PB 217 0.07 0.17 Dic2 0.20 37.24
of averages was performed with the Duncan stadistgst |[/RCA130 | 0.09 0.29
risk a= 5 %with the values of LSP converted into Arc Sin \F/ngls 0.14 0.87
Square Root of LSP (AS'NLSP) 2037 0.17 0.97 D1C3 0.93 4.64

A very highly significant "clone" effect was shown[GT 1 0.17 0.93
(Table 14). Five groups of sensitivity to TPD oéttlones |RRIM 712 0.18 0.95

235 0.29 2.88

were formed. These are the groups S4C1, S4C2, 841;’2,260 a1 3 D1C4 280 3.78

S4C4 and S4C5 from the lowest to the highest rates
TPD (Table 13).

Table 14Analysis of variance table of sick panel length
of 13 rubber clones in rubber production during fjears,
at a frequency of 26 stimulations to Ethephon (ET2)
per year (26/y)

LSP: length of sick panel, ASINLSP: Arc Sine Square
Root of LSP, CV: coefficient of variation. The coafijson

of averages was performed with the Duncan steadisticst
risk a= 5 %with the values of LSP converted into Arc Sine
Square Root of LSP(ASINLSP).

Source of [Degree of Sumof | Means| F | Signification .The an_aly_s?s of variance of those data showed @ ver
variation | freedom| squares | squares| value Pr>F highly significant "clone" effect (Table 16). The
deviations structuring of the clones through comparison of LSP
Clone 12 2.3333 | 0.1944 | 7.28 | <0.0001 ** averages permitted to classify them into four gsoup
gfurﬁ‘éiggr A 07400 | 01872l 702 | 0.0002 #* D1C1, D1C2, D1C3 and D1C4 according to sensititoty
production : : : : TPD (Table 15).. . _
Residual 18 12818 | 00267 Table 16.Analysis of variance table of sick pareeigths
Total 64 23651 of 13 rubber clones in rubber production during finst
* \ery highly significant year(D1), all stimulation frequencies to Ethephon
Depending on the stimulation frequency to EthephgtET2.5%) confused __
(ET 2.5%), all rubber clones changed sensitivigssito | Source of|Degreeof  Sumof | Mean |Fvalug Signification
. . . variation | freedom| squares | squares Pr>F
TPD with the exception of IRCA 41 clone which rened deviations
little sensitive regardless of the used stimulafiequency [Clone 12 0.979 0.082 | 9.153| < 0.0001**
to Ethephon. The change of sensitivity class ineoth Residual 81 0.722 0.009
clones was not significant, however. The AVROS 2037%@l 93 1.701

clone became sensitive as of 13 stimulations per.ye ™ Very highly significant _

From 4 to 13 stimulations per year, the AF 261 ®@A 3.9 Relation between the duration of rubber

230 clones were moderately sensitive and becargoduction (D2) and the sensitivity of clones to
sensitive to 26 stimulations per year. The IRCA 3@ tapping panel dryness

IRCA 209 clones were very sensitive from 4 to 6 When the 13 rubber clones were in rubber production
stimulations per year and little sensitive from th326 during two years (D2) all stimulation frequencies t
stimulations per year. The RRIC 100 clone was verthephon (ET 2.5%) combined, the measured LSP dange
sensitive from 4 to 6 stimulations per year, ligknsitive from 0.07 to 7.15 % (Table 17).

to 13 stimulations per year and sensitive to 28gitions Table 17.Classification of 13 rubber clones comgaie
per year. The clones PB 217 and RRIM 712 wereelittlaverages of sick panel lengths measured at thadgear
sensitive, GT 1 was moderately sensitive, PB 254 waf rubber production (D2), all stimulation frequars to
enough sensitive and PB 260 and PB 235 were veBthephon (ET2.5%) confused

sensitive. Clones | ASINLSP| LSP [Groups LSP CV (%)
3.8 Relation between the duration of rubber averages| averages| of |averages(y of
. . (%) of clones| of groups | groups
production (D1) and the sensitivity of clones to clones of clones |  of
tapping panel dryness clones
The lengths of sick panel (LSP) measured in the II'R?RCIé‘]l.éO %%?é %‘177 DDZZ%I %-0177 -
rubber clongs after the first year of rubber proidnc(D1) GT1 0.12 053
all stimulation frequencies to Ethephon (ET 2.5%jr 261 0.13 088 | D2C3 0.66 2954
combined, ranged from 0.01 to 2.88 % (Table 15). PB 217 0.13 0.56

Table 15. Classification of 13 rubber clones coragdo
averages of sick panel lengths measured at theyéies of
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IRCA 209 0.17 1.29

AVROS

2037 0.18 1.08 D2C4 1.37 24.27
PB 254 0.23 1.73

IRCA 230 0.25 2.02

RRIM 712 0.27 2.18

IRCA 130 0.31 3.05 D2C5 264 24.31
PB 260 0.32 3.33

PB 235 0.49 7.15 D2C6¢ 7.15 -

LSP: length of sick panel, ASINLSP: Arc Sine Squar
Root of LSP, CV: coefficient of variation. The coamnison
of averages was performed with the Duncan stadisticst
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permitted to structure the clones into five grougfs
sensitivity to TPD (D3C1, D3C2, D3C3, D3C4 and D3C5
(Table 19).

Table 20. Analysis of variance table of sick padeabths
of 13 rubber clones in rubber production duringeéhr
years (D3), all stimulation frequencies to Ethepf®©h2.5

risk a= 5 %with the values of LSP converted into Arc Sin
Square Root of LSP (ASINLSP).

A very highly significant "clone" effect was revedlby
the analysis of variance of the LSP (Table 18). dloaes
were organized into six groups of sensitivity toDIP
(D2C1, D2C2, D2C3, D2C4, D2C5 and D2C6) (Table 17
Table 18.Analysis of variance table of sick pamsigths
of 13 rubber clones in rubber production during fears
(D2), all stimulation frequencies to Ethephon (E5P2)
confused

Source of | Degree off Sum of Mean F | Signification
variation | freedom | squares | squares|value Pr>F
deviations
Clone 12 1.415 0.118 [5.275| < 0.0001***
Residual 81 1.811 0.022
Total 93 3.22

***: Very highly significant
3.10 Relation between the duration of rubber
production (D3) and the sensitivity of clones to
tapping panel dryness

After three years of rubber production (D3) of the
rubber clones, all stimulation frequencies to Ettep(ET

2.5%) combined, the LSP ranged from 0.31 to 5.53 %

(Table 19).

Table 19. Classification of 13 rubber clones coregao
averages of sick panel lengths measured at the year
of rubber production (D3), all stimulation frequeawto
Ethephon (ET2.5%) confused

Clones | ASINLSP LSP Groups LSP CV (%)
averages| averages|of clones| averages of
(%) of (%) of |groups o
clones groups of | clones
clones
IRCA 41 0.08 0.31 D3C1 0.31 -
GT1 0.15 0.94
AF 261 0.17 1.61 D3C2 1.22 28.76
AVROS 0.18 1.10
2037 ) )
PB 217 0.22 1.45
IRCA 209 0.22 1.91 D3C3 1.98 28.92
IRCA 130 0.27 2.59
PB 254 0.31 3.07
PB 260 0.31 3.13 D3C4 3.05 3.00
IRCA 230 0.32 2.95
PB 235 0.37 4.21
RRIC 100 0.40 4.74 D3C5 4.83 13.76
RRIM 712 0.47 5.53

LSP: length of sick panel, ASINLSP: Arc Sine Squar
Root of LSP, CV: coefficient of variation. The coamnigon
of averages was performed with the Duncan stadisticst
risk o = 5 %with the values of LSP converted into Ar
Sine Square Root of LSP (ASINLSP).

The analysis of variance of these data showed layhig
significant "clone" effect (Table 20). The LSP ages

5

%)confused
Source of | Degree of Sum of Mean F Signification
E variation | freedom| squares | squares| value Pr>F
deviations
Clone 12 1.056 0.088 | 3.369| <0.001*
esidual 81 2.115 0.02§
[Total 93 3.171

**: highly significant

When the duration of rubber production varied, all
rubber clones changed the class of sensitivity RDT
xcept the IRCA 41 clone which remained little siives
nd the PB 235 clone which remained very sensitive
regardless of the duration of rubber productione HB
254 and IRCA 230 clones became sensitive afteaa gle
rubber production while the RRIM 712 and PB 26Mhe®
remained sensitive. From the third year of rubber
production, the RRIC 100 clone that was little mstve,
became very sensitive.

V. DISCUSSION

Our studies on the sensitivity to TPD syndrome ®f 1
rubber clones for the first five years of rubbeodarction
all stimulation frequencies to Ethephon (ET 2.5%)
combined, showed that these clones formed fivepgaid
sensitivity to TPD.
The group with very low TPD rate consists exclulsive
IRCA 41 clone. This result indicates that theCiR41
clone is very little sensitive to TPD. It corrobtes in part
the large-scale experiment works [2]. In the sgttof
these works, the IRCA 41 clone is gradually takeomf
the first to the fifth year of rubber productiongi 2 to 13
stimulations per year. The peculiarity of this stud that
eight stimulation frequencies ranging from 0 to 26
stimulations per year from the first to the fiftear were
applied. Despite this increased stimulation, th€ARA1
clone developed a very low level of TPD. Its haed® to
overstimulation is, here, stronger than in previous
experiments. The PB 217, AF 261 and RRIM 712 clones
show a low level of TPD. Our findings confirm th& P
217 and AF 261 clones in this sensitivity clas§RD as
already noted by [28]. However, the AF 261 cloneval
as AVROS 2037 having very little agronomic interastl
therefore economic interest, will not be considerethe
rest of this study.

This study also confirms the fragility to overstilation
of the PB 235 [30]-[27]-[7]and PB 260 clones. Th€ G
the reference clone, showed a moderate sensitvitich
onfirms the characteristic of this clone with redpto

PD. Indeed, [5] described the PB 235, GT 1 and2PB
clones as respectively sensitive, moderately seesind
little sensitive to TPD. The findings of this stuslyowed

$hat the PB 235 clone belongs to the C5 groupGhel

clone to the C3 group and the PB 217 clone to tBe C
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group. They thus confirm the stability of the cahtlones
already described in a classification [15].

The other clones of this study are classified groups
that do not reflect their known sensitivity lev€hanges
in the clones’ behavior regarding the TPD reveatethis
study highlight the influence of the genetic factor the
sensitivity of clones to TPD. This results areimelwith
those of [15]-[4]-[36]-[37] on a limited number ofones
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intensive stimulations. This second form is thetnsesere
TPD. These results corroborate those of the wor k53
[4]-[20]-[48] on the existence of two types of TRIDd on

the fact that the gravity of TPD increases with the
overproduction of trees. But the studies of thasithas
have focused only on a limited number of clones: GT
PR 107 and PB 235. In the current study, 13 clovere
considered. These are the most planted clones or

which are GT 1, PR 107, PB 235 and RRIM 600. Thpromising clones developed or introduced in Cateite.

relatively high number of clones used in this sty
clones) denotes of the significance of the gerfatitor on
the sensitivity of clones to the TPD syndrome.

This has the benefit of knowing at the farm lewble
individual behavior of almost all planted clones.
The study of the relationship between the stimohati

The study of the LSP evolution depending on théeub class to Ethephon (ET 2.5%) and the sensitivitglohes
production duration showed three classes of rubb&s TPD showed that the clones formed different gsoof

production duration according to the sensitivityTtBD.
The LSP is increasingly changing from the firsthe fifth
year of rubber production. This evolution is rapligring
the first two years of rubber production. From thed
year, it increases slowly to move towards an asgteph
the fifth year which varies depending on the sentitof
the clones to TPD. This suggests that a humbeloaks
would be predisposed to express TPD and do it early
in the first two years of rubber production. Thisul
explain the rapid increase in the TPD rates dutimgtime

sensitivity per stimulation class. Except for a feaviants,

the different groups of sensitivity to TPD of thieres,
already known, were confirmed by our results. TREA

41 clone was little sensitive whatever is the clas
stimulation. PB 217 and RRIM 712 clones were little
sensitive. The IRCA 230 clone was moderately smm@sit
between the S1 and S3 stimulation classes (4 and 13
stimulations per year) and became sensitive tousition
class S4 (26 stimulations per year). The GT 1 cloas
moderately sensitive and the PB 235 and PB 260eslon

interval. The other clones which later develop thisvere very sensitive to TPD. These results confia t

syndrome, would do so following the gradual actoabf
the metabolism related to the duration of
production as highlighted by [15] on the treeshaf GT 1
clone. This last process seems to be more inflebbge
the particular sensitivity of this clone than by tturation
of rubber production of the trees [6]. The slowrgase in
the TPD rates observed from the third year is éxpthby
the swinging (change) of the tapping panel don¢hist
stage in rubber production of rubber tree (tappagels
management chart)[17]. In this study,

significant role of stimulation (hormonal factor

rubbeinfluencing the physiology of latex) in the onsetda

development of TPD in rubber tree as already nated
several authors: [8]-[20].

The study of the relationship between the duratibn
rubber production and the sensitivity of clonesTieD
showed that when the duration of rubber production
varies, all rubber clones change sensitivity gram@PD
except for the IRCA 41 clone which remains little

clones ansensitive and the PB 235 clone which remains very

stimulation frequencies were set to let vary one t sensitive. The PB 254 and IRCA 230 clones become

duration of rubber production. Thus, the three sgasof
duration of rubber production obtained reflect wall
"duration of rubber production” effect on the séxigy of
the clones to TPD.

sensitive after a year of rubber production whike RRIM
712 and PB 260 clones remain sensitive. From tird th
year of rubber production, the RRIC 100 clone whigs
little sensitive, becomes very sensitive. The dautgin of

When you only have the stimulation frequency tdifferent sensitivity groups of clones accordingtie LSP
Ethephon (ET 2.5%) varied, the stimulation frequesic per duration of rubber production demonstrates the

get structured in four classes according to the T&®
they induce. The S1 class from 0 to 4 stimulatipes
year, which induces the low levels of TPD; the &&% of

relationship between the duration of rubber pradacand
the sensitivity to TPD: the sensitivity of clones TPD
evolves with the duration of rubber production. sThi

6 stimulations per year, whose induced TPD rates aconfirms the significant role of the duration ofbher

moderate; the S3 class from 8 to 13 stimulatiomsygpar,

production (physiological factor) in the onset and

with high rates of induced TPD and the S4 clas2®f development of the TPD syndrome in rubber tree.[18]

stimulations per year, which induces very high lewef
TPD. The distinction of these classes shows a Udtition
frequency" effect in the TPD expression. Our rassittow

The originality of this study first lies in the rodr
production methodology of rubber trees to estabtfsh
level of sensitivity to TPD of the tested clonesl dnen in

otherwise that the LSP increases with the stimurati the analysis of results. Whereas in previous wotks,
frequency. These results show that high stimulatidilRCA 41 clone showed its good agronomic qualities
frequencies induce and worsen TPD. They also shaiv t including low sensitivity to TPD, from the first tbhe third

even in the absence of stimulation (O stimulatien year)

year, stimulation frequencies increasing gradualy

the TPD appears. This form of TPD is the naturallgtabilize at 13 per year; in this study, 8 stimolat

induced TPD (De Faye, 1981) that appears in un&iiea
trees normally tapped, or even in the first tapfiaigthe
opening). It is less severe and different from WD
induced by overproduction [20],

frequencies ranging from O to 26 per year were iagpl
each year during the first five years of experimédirus,
the sensitivity to TPD of the IRCA 41 clone wastdes

especially by thegainst both genetic factor (clone) as well as iplggical
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and hormonal factors (duration of rubber productiom
stimulation frequency). All types of variation dohave in
no way modified the degree of sensitivity of th&€CiR41

clone which remained very sensitive to TPD. Thisnel

remained stable in the expression of its sensjttatTPD
even at frequencies of 26 stimulations to Ethep{&h
2.5 %) per year. This illustrates the low sendiiw TPD
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- PB 217 and RRIM 712 clones are little sensitivéigh
stimulation  frequencies. This result deserves
confirmation for the RRIM 712 clone.

Among the clones tested in this study, IRCA 41 riesia
by far the best performing clone. Previously redcogth as

a clone having a good radial vegetative growth,hhig

rubber production and a good tolerance to breakageo

revealed by the IRCA 41 clone. The IRCA 41 clon@&is wind, it presents in this study, a low sensitivity TPD.

promising clone, with very high level of rubber guation

and good radial vegetative growth. It is resistamt especially in non-industrial

The IRCA 41 clone is recommend to plant among dpne
sector, to enhance the

breakage due to wind, to root rot caused Fgmes production of natural rubber in Cote d'lvoire.

lignosus [2] and very little sensitive to TPD, as we have
just shown. Breakage due to wind and TPD being two
important factors of degradation of trees plantitige
IRCA41 clone represents an elite clone to advismeu
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V. CONCLUSION

It appears from this study that there is a gerfatitor
and physiological and hormonal factors among thses
of TPD syndrome in rubber tree. Sensitivity to TPD1]
syndrome in rubber tree depends on the clone. Some
clones as IRCA 41, AF 261, PB 217, and RRIM 712 are
little sensitive. Others, such as PB 235 and PB @60 [
particularly sensitive. Between these two groups of
extreme sensitivity, there are clones that hawrinédiate
sensitivity (or moderate). This is the case of tmnes Bl
AVROS 2037 IRCA 130, IRCA 209 and GT 1, which
have moderate sensitivities and the RRIC 100, IRGA [4]
and PB 254 clones of relatively high sensitivitigs.the
class of little sensitive clones, the AF 261 cldres no [®]
economic interest because of its very low levetudtber (6]
production. In this study, the RRIM 712 clone dig@ a
low sensitivity but this result needs confirmatianith
regard to the behavior of this clone in other eixpents. [7]
In the class of moderate sensitivity, the AVROS 203
clone is excluded because of its very low rubbgg
production. Of the physiological and hormonal fasto
affecting the latex physiology, this study showhdttthe
severity of TPD changes with the duration of rubber
production of clones and the stimulation frequertay g
Ethephon.

The study of the sensitivity of rubber clones toDIP
according to the stimulation frequency to Ethephod to
the duration of rubber production gave the follogvin
informations: [11]
- the IRCA 41 clone expresses less the TPD even with

high stimulation frequencies (26/y) during the ffifise

years of rubber production;

- PB 235 and PB 260 clones are the most fragile;

- the change of sensitivity class of the other cldsesot [13]
significant and indicates that the genetic facwrthe
major factor in the onset and development of TPD;

- between 13 and 26 stimulations per year (13/y and
26ly), the IRCA 230, RRIC 100 and PB 254 clones
express a weariness effect [14]

[10]

analyses in this work.
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