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ABSTRACT 

The global objective of this study is to identify the agricultural techniques minimizing bark 
necrosis at Hevea brasiliensis. In a specific way, it is to find out the tapping panel the 
management technique which minimizes bark necrosis on six clones of rubber tree (IRCA 111, 
IRCA 109, IRCA 130, IRCA 18, GT 1, PR 107) in the southwest of Ivory Coast. To achieve 
these goals, the observations related to the number of trees attacked by bark necrosis and tapping 
panel dryness were made through the complete statement and the dry panel statement. The taking 
into account of tapping panel dryness in this study is justified by the fact that it may be related to 
bark necrosis. The importance of bark necrosis and the tapping panel dryness on the clones was 
checked respectively by the rate of necrosis and the length of the diseased tapping panel cut. It 
appeared at the end of this study that the management of tapping panels does not influence the 
development of bark necrosis and tapping panel dryness on the clones of Hevea brasiliensis 
under the d/4 6d/7 conditions of exploitation with modes of stimulation specific to each clone. 
This agricultural technique which was until suspected to amplify bark necrosis did not show any 
link with the disease. Indeed the clonal factor influences the rates of the disease. All the clones 
expressed both diseases, but at different levels. Some clones were shown less tolerant (IRCA 
130) or tolerant (GT1) at the same time to both diseases. Tapping panel dryness and bark 
necrosis do not appear here according to the metabolism of the clones (active, intermediate or 
slow). 
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1. INTRODUCTION 

Hevea brasiliensis (Euphorbiaceae) is planted for the production of latex composing of 25 to 
35% of rubber particles (Hagel et al., 2008; Montha et al., 2016); thus making the rubber tree the 
main source of natural rubber and therefore a plant of great economic interest. Nowadays natural 
rubber is a technically unavoidable material in various industries. This is the case in the 
pneumatic industry, which uses more than 70% of natural rubber (CIRAD, 2001). The world 
production of natural rubber represented 10 million tons in 2012 (FAOstat, 2014). Asia accounts 
for almost 95% of this production, with Thailand ranked first. Ivory Coast with 256 000 tons of 
natural rubber in 2012, is the leading African producer and the seventh in the world (FAOstat, 
2014). Despite the interest in this crop, it is confronted with various diseases that attack all 
organs of the plant. If root diseases such as white root rot and brown root rot caused by 
Rigidoporus (Fomes) lignosus and Phellinus noxius respectively seem to be controlled by 
preventive and curative management methods (Gohet et al., 1991a, Mohammed et al., 2014), it is 
not still the same for the diseases of the trunk namely the bark dryness disease (tapping panel 
dryness) and the bark necrosis (trunk phloem necrosis). The bark dryness is a physiological 
disease with a well-established etiology resulting in the cessation of latex flow and therefore to a 
significant drop in latex production (Okoma, 2007). On the other hand, even if trunk phloem 
necrosis results in the same ultimate symptom as the tapping panel dryness, its etiology has been 
the subject of several speculations. In addition, unlike the tapping panel dryness, this disease can 
be observed on trees not yet tapped (IRD, 2005). One of the first hypotheses concerning the 
origin of trunk phloem necrosis was the intervention of a biotic agent responsible for this disease. 
The hypothesis of the existence of a biotic causal agent (viroids, phytoplasmas, viruses, fungi or 
bacteria) of trunk phloem necrosis was mainly supported by the linear distribution of the disease 
on both sides of affected trees (Nandris et al., 1991a). Moreover, the anarchic cell multiplication 
and the possible elaboration of thyllosoids led to think since the beginning of the research works 
of the action of a pathogen (Nandris et al., 1991b; Jacob et al., 1994), probably transmitted by the 
knife of tapping. However, several works, notably those by Peyrard et al. (2006) and Pellegrin et 
al. (2007) demonstrated that this disease is not caused by a biotic agent. In the absence of 
concrete evidence (isolation of a pathogen, infection of the host and reproduction of symptoms) 
as to the origin of the trunk phloem necrosis, the investigations have been increasingly oriented 
towards the search for a physiological cause. In fact, from the beginning of the etiological 
investigations, some authors were in favor of such a cause of trunk phloem necrosis. Thus the 
works of Nandris et al. (2004) have further reinforced this hypothesis of a physiological cause of 
this disease. They showed a clear correlation between the risk of disease occurrence and the high 
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mechanical resistance of the soil (low porosity or soil compaction), which impedes water 
circulation and its absorption through the roots of trees. The physiological observations also 
showed that necrotic rubber trees showed less root development, resulting in a low supply of 
water and mineral salts. These are in a situation of water deficit, which increases strongly during 
the drought (climatic factor) or in case of overexploitation (anthropic factor). Subsequently, these 
results have been confirmed by other authors by always highlighting a multifactorial 
physiological disease resulting from an accumulation of exogenous and endogenous stresses 
(Chrestin et al., 2004; Nizinski et al., 2009; Do et al., 2011; Wongcharoen et al., 2011). In view 
of the economic pressure exerted by this disease on rubber plantations, the development of 
control methods is necessary. In the absence of curative control methods, agricultural techniques 
are increasingly being studied. Indeed, some agricultural practices are suspected of amplifying 
the development of trunk phloem necrosis. It is within this framework that this study is aimed at 
identifying the technique of management of tapping panels which minimizes the trunk phloem 
necrosis in six clones of rubber tree. In addition, trunk phloem necrosis generally occurs on trees 
previously attacked by tapping panel dryness (Eschbach et al., 1989). It was important to 
establish the relationship between these two diseases and the panel management. 

2. MATERIALS AND METHODS 

2.1 Plant material 

The plant material consists of six clones of Hevea brasiliensis (IRCA 111, IRCA 109, IRCA 
130, IRCA 18, GT 1, PR 107). The trees of each of the clones studied were obtained from the 
San Pedro research station of the Rubber Society of Gô ‘ Societé Hévéicole du Gô’ located in the 

southwest of Ivory Coast. Table 1 shows some characteristics of these clones. 

2.2 Methods 

2.2.1 Experimental design 

The single-tree design 'one tree one repetition' of 6 treatments per clonal plot with 33 trees per 
treatment was used. Each plot has 198 trees selected according to the homogeneity of their 
circumference after the elimination of the border trees and the neighboring trees of clearings due 
to Fomes. The six treatments are presented in Table II and represent different techniques for 
management of the tapping panels. 

2.2.2 Production system 
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The production system used is the half-spiral downhill every four days except Sundays. The 
clones were stimulated with 2.5% Ethephon at frequencies varying according to the type of 
metabolism (Table I). 

Table I. Some characteristics of the clones studied (CIRAD, 1993) 

Clones Type of metabolism  Biochemical characteristics Agronomic characteristics 

 

 

IRCA 18 

 

 

Active 

 

 

Average 

Fast growth 

High productor 

Resistant to breakage 

Tolerant to tapping panel dryness 

 

 

IRCA 109 

 

 

Intermediate 

 

 

Average 

Average growth 

Good productor 

Resistant to breakage 

Tolerant to tapping panel dryness 

 

 

IRCA 111 

 

 

Active 

 

 

Weak 

Fast growth 

Good productor 

Sensitive to breakage  

Less tolerant to tapping panel dryness 

 

 

IRCA 130 

 

 

Active 

 

 

Average 

Fast growth 

High productor 

Resistant to breakage 

Less tolerant to tapping panel dryness 

 

 

PR 107 

 

 

Slow 

 

 

Good 

Slow growth 

Good productor 

Resistant to breakage 

Tolerant to tapping panel dryness 

 

 

GT 1 

 

 

Intermediate 

 

 

Average 

Average growth 

Average productor 

Resistant to breakage 

Tolerant to tapping panel dryness 
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Table II. Motives studied during panel management 

Treatments Motives studied 

T1 Continuous descent 

T2  Annual shafing at the end of  the first year 

T3 Annual shafing at the end of  the second year 

T4 Bisannual shafing at the end of  the second year 

T5 Bisannual shafing at the end of  the third year 

T6 Trisannual shafing at the end of the third year 

 

Table III. Notation of trees with partial or total tapping panel dryness 

(%) Tapping panel non- 
Productive of latex 

Notation Number of trees                           Signification 

0 % 0 n0 Healthy tree 
1 - 20% 1 n1 Tree with tapping panel dryness 

very weak 
21 -40% 2 n2 Tree with tapping panel dryness 

weak 
41 - 60% 3 n3 Tree with tapping panel dryness 

average 
61 - 80% 4 n4 Tree with tapping panel dryness 

Much high 
81 - 99% 5 n5 Tree with tapping panel dryness 

high 
100% 6 n6 Tree with tapping panel dryness 

total 
 

2.2.3 Data collection techniques 

The complete survey is an inventory of all trees in the trial (1188 trees) and a description of their 
condition. All trees previously removed from the trial due to disease were first reclassified prior 
to the phase of observations. The trees presenting characteristic symptoms of trunk phloem 
necrosis (Figure 1) or attacked by visible tapping panel dryness are reported. Thereafter, the bark 
of apparently healthy trees is scraped with a scraper to check for the presence or absence of 
internal symptoms of necrosis. 

The cases observed and their codification are as follows: 
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-on the abandoned trees, one distinguishes the abandoned trees for tapping panel dryness "ES"; 
the abandoned trees for necrotic and cracked bark "ENC"; the abandoned trees for broken trunk: 
"TC"; the missing trees "M"; 

-on the level of the trees in exploitation, one distinguishes the trees showing no symptoms of 
necrosis (apparently healthy tree) rated "0"; the trees having a brown sheet "LB"; the trees with 
cracked bark "EC". 

As for the measurement of the tapping panel dryness, it consisted in following a tapping operator 
to note for each of the trees of the assay, the flow or not of latex after the tapping. The 
notification of the tapping panel dryness enabled us to verify the severity of this disease on the 
trees of the assay by calculating the length of the diseased tapping panel cut. It was done on the 
trees in exploitation. A distinction is made between trees with no problem of latex flow over the 
entire length of the tapping panel cut marked "0" and trees that have some difficulties of flowing. 
In these individuals, the codification is established according to the length of the unproductive 
panel cut (Table III). The trees with necrotic spots on the panel cut are marked "N". When they 
are associated with partial or total tapping panel dryness, N is preceded by the corresponding 
code; for example, 1N means that the tree has 1 to 20% of the tapping panel cut which no longer 
produces latex and has necrotic spots. The trees in the partial or total tapping panel dryness 
showing the brown sheet are also mentioned; for example: 1 LB means that the tree has 1 to 20% 
of the tapping panel cut that no longer produces and that there is a brown sheeton this tapping 
panel cut. The observation of this brown sheet must be carried out as soon as the tapping knife 
goes over the tapping panel cut because the latex that flows can quickly mask some symptoms. 

2.2.4 Data processing 

For each clone, the rate of necrosis (T) according to the treatment applied is calculated. The 
number of affected trees is determined for each treatment and the rates are calculated for all 
clones using the following formula: T = n/NX 100 where n is the number of necrotic trees of the 
treatment and N is the total number of living trees per treatment. The length of diseased tapping 
panel cut (LEM) per treatment of each clone was determined by the following equation: LEM = 
(0.1 n1 +0.3 n2 +0.5 n3 +0.7 n4 +0.9 n5 + n6) / N; in which N represents the number of living 
trees per treatment, the coefficients 0.1; 0.3; 0.5; 0.7; 0.9 and 1 correspond to the averages of 
classes of percentage of the length of non-latex producing tapping panel cut, and the numbers n1, 
n2, n3, n4, n5 and n6 represent the number of trees observed per percentage class of length of 
non-latex- producing tapping panel cut. The formation of tolerance groups to tapping panel 
dryness was carried out by an analysis of variance of  LEM and then by using the DUNCAN test 
at the 5% threshold with the XLSTAT software version 7.5. Since the LEM are proportions, they 
have been transformed into the Arc  
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Sinus square root of LEM (ASINLEM) to make the distribution normal and the analysis possible 
(Dagnelie, 2012). The analysis of the management techniques of the tapping panel and clones 
related to the necrosis rate was done with the chi-square test at the 5% threshold under the SPSS 
software version 11.5. This test shows the dependence or independence between two qualitative 
characteristics. The study of the correlation between the LEM and the necrosis rate was carried 
out with the Pearson test under the XLSTAT software version 7.5. 

The Excel 2007 software was used for data processing and graphing. 

3. RESULTS 

3.1 Influence of the management of the tapping panels on phloem necrosis 

The values of the rate of trunk phloem necrosis rate according to the tapping panel management 
techniques in the six clones are presented in Table IV. The chi-square test at the 5% threshold 
shows that the asymptotic significance (0.924) is greater than 0.05. Thus, there is no dependence 
between the panel management and the rate of trunk phloem necrosis. The results of the 
statistical analysis reveal that the different techniques of management of the tapping panel have 

A B C 

Figure 1. Characteristic symptoms of trunk phloem necrosis of Hevea brasiliensis. A : Fine cracks of the 

bark on the superior part of the trunk (clone PB 217) ; B :  Spacious and numerous cracks (clone IRCA 

109) ; C : Desquamation of diseased parts  (clone PB 235). 
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no influence on the appearance of trunk phloem necrosis in the six rubber clones when exploited 
at the d/46d/7 tapping frequency. 

Table IV. Values of the rates of necrosis according to the panel management 

Different techniques of panel management Number of necrotic trees Number of living trees  
T1 15 174 
T2 17 168 
T3 17 176 
T4 12 181 
T5 13 184 
T6 16 184 

TOTAL 90 1067 
 

3.2 Clonal influence on trunk phloem necrosis 

The rates of trunk phloem necrosis in the six clones studied are presented in Figure 2. The study 
of clonal influence on the rate of trunk phloem necrosis was assessed with the chi-square test at 
the 5% threshold. The asymptotic significance (0.000) is less than 0.05 so there is dependence 
between the clone factor and the rate of necrosis. In other words, the clonal influence is evident 
on the rates of necrosis when the trees are tapped in d/4 6d/7. The hierarchical classification 
enabled assembling clones into three major groups in the ascending order of the rate of trunk 
phloem necrosis. Group I is constituted by GT 1. This clone, already known for its good 
behavior with respect to certain constraints (diseases and breakages), is the most tolerant to 
necrosis. The clones IRCA 109, IRCA 18, IRCA 111 and PR 107 make up group II. They have 
higher necrosis rates than the clone GT 1 but with a more pronounced susceptibility for the 
clones IRCA 109 and IRCA 18. The clone IRCA 130 is classified in group III. This clone is the 
least tolerant to trunk phloem necrosis with a necrosis rate of up to 22%. 
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Figure 2. Clonal influence on the rate of tapping panel dryness 

3.3 Study of the tapping cut dryness  

Table V shows the lengths of the diseased tapping panel cuts (LEM) of the six clones studied 
according to the management of the tapping panels. The analysis of variance of the  lengths of 
the diseased tapping panel cuts of the six clones subjected to the six panel management 
techniques showed a very highly significant clone effect (p = 0.0001) and a non-significant panel 
management (p = 0.984). 

Table V. Length of diseased tapping panel cut of six clones according  
to the panel management 

 Lengths of diseased tapping panel cut (%) 

Clones T1 T2 T3 T4 T5 T6 

PR 107 5,6 6,6 7,3 7,5 4,2 6,4 

GT 1 2,5 0,9 3,7 3,9 2,1 1,8 

IRCA 18 24,2 21,3 22,6 18,1 19,4 21 

IRCA 109 5,2 5,3 6,4 3,6 5,6 4,8 

IRCA 111 27 24,4 25 22,7 25 22 

IRCA 130 38,8 22 28 34,5 28,3 36 

Average 17,2 13,4 15,5 15 14,1 15,3 

 

3.4 Analysis of the effect "management of tapping panels" in the case of the tapping panel 
dryness  

0
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The analysis of variance of LEM showed that there was no significant difference between the 
treatments of the 5% threshold. The management of the tapping panels therefore has no effect on 
the occurrence of the tapping panel dryness syndrome in rubber clones under d/4 6d/7 
exploitation conditions. 

3.5 Analysis of the "clone" effect during the tapping panel dryness 

The statistical analysis indicates a difference in resistance to the tapping panel dryness between 
the rubber clones. This resistance is presented as a quantitative variable, that means that the 
tapping panel dryness affects all six clones but to different degrees. 

The DUNCAN test at the 5% threshold allowed classifying the six clones into four groups 
according to their tolerance to the tapping panel dryness. These are groups I; II, III and IV in the 
ascending order of the LEM. Group I comprises clone GT 1. It has the lowest LEM. The clones 
PR 107 and IRCA 109 constitute group II. These clones have fairly low LEM. Group III consists 
of the clones IRCA 18 and IRCA 111. The clones in this group are characterized by high LEM. 
Finally, group IV is composed of a single clone, IRCA 130. This clone has the highest LEM. 

3.6 Correlation between tapping panel dryness and trunk phloem necrosis 

At the 5% significance level, the correlation between the LEM and the necrosis rate is significant 
with a correlation coefficient r = 0.706 (r> 0.5), so the correlation between the tapping panel 
dryness and necrosis is strong. 

4. DISCUSSION 

The study of the influence of the management of the tapping panels on the development of trunk 
phloem necrosis has shown that the different techniques of management of the tapping panel in 
rubber clones have no effect on the disease under d/4 6d/7 exploitation conditions. The tapping 
and stimulation frequencies, which together with the management of panels lead to the 
exploitation system, have shown in previous studies an influence on the rate of trunk phloem 
necrosis (Niamouké, 2005). According to this author, high tapping frequencies are favorable to 
the development of necrosis. Similarly, the stimulation frequencies do not appear to have an 
effect on the rate of necrosis when they are associated with high tapping frequencies. 

This study showed that the influence of panel management techniques is not evident on the rate 
of necrosis in rubber clones for d/4 frequency of tapping. It would therefore be interesting for 
athorough study to associate several tapping and stimulation frequencies, notably high 
frequencies with the different techniques for managing the panel. The frequency of tapping in 
d/4, considered as a normal tapping frequency, offers a good compromise between the 
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productivity and the economic lifetime of trees (Gohet et al., 1991b). It therefore does not make 
possible to reveal a possible relationship between the frequency of tapping and the panel 
management in relation to trunk phloem necrosis. The high tapping frequencies (d/1 and d/2) 
should be taken into account for a thorough study as these frequencies are still used by some 
Asian countries where the panel management is also suspected of amplifying trunk phloem 
necrosis. 

If it is true that the management of panels as an agricultural technique has no effect on the 
occurrence of necrosis in our exploitation conditions, however, some practices can favor the 
appearance of trunk phloem necrosis. Indeed, Fragaré (2006) noted three farming practices 
which are: the opening standard, the system of exploitation and land preparation. According to 
this author, the late opening of the trees would enable them to develop a high resistance to the 
disease. Similarly, low tapping frequencies associated with a good stimulation frequency specific 
to each clone make it possible to reduce the incidence of necrosis. Finally, land preparation 
before the establishment of a rubber plantation must be done in order to avoid the compaction of 
the soil. 

Concerning the tapping panel dryness, the analysis of variance showed that the management of 
tapping panels has no effect on its occurrence in the rubber clones under our exploitation 
conditions in d/4 6d/7. On the other hand, the disease is positively correlated with the following 
parameters: high tapping and stimulation frequencies, high concentrations of stimulant, 
physiological and pedoclimatic factors (Jobbe-Duval et al., 1988 cited by Okoma, 2007). The 
study of the influence of the different components of the exploitation system (panel management, 
tapping frequency and stimulation frequency) on the tapping panel dryness made it possible to 
obtain some results. In order to confirm these results, particularly those of the study of the 
influence of the management of panels on the occurrence of the tapping panel dryness, it would 
be interesting to carry out a study that would combine all these components to verify their effect 
on the severity of the disease in rubber trees. 

The study of the clonal influence on the rate of trunk phloem necrosis shows us that the clones 
react differently to the disease in terms of individuals affected. The most important factor in the 
occurrence of trunk phloem necrosis is the natural predisposition of some clones to the disease, 
namely IRCA 18, IRCA 109 and IRCA 130. These clones were shownto be less tolerant to the 
disease during previous studies (Niamouké, 2005 and Fragaré, 2006). The implication of a 
genetic factor in the occurrence of the disease is confirmed by the present study. The influence of 
the metabolic activity on the development oftrunk phloem necrosis evoked by Nandris et al. 
(2001) that categorized clones with rapid metabolism as most susceptible to disease is not partly 
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verified in our clone operating conditions. Indeed, the clone IRCA 111, one of the clones with 
rapid metabolism was shown to be tolerant to the disease. 

For the study of the six clones related to tapping panel dryness, the statistical analysis showed 
that these clones did not have the same level of resistance to the disease. This observation 
confirms the existence of a genetic factor influencing the occurrence of the syndrome of tapping 
panel dryness in rubber clones, as noted by Okoma (2007). Moreover, this study shows that the 
resistance to the disease is presented as a quantitative variable, that means that the tapping panel 
dryness affects all clones but with different levels of disease depending on the clones. Similarly, 
for a given clone, all trees are not affected by tapping panel dryness and those which are attacked 
do not have the same level of disease. This shows that in addition to the clonal factor, there are 
other factors that favor the development of tapping panel dryness. The quality of the plant 
material and the tree environment would influence the occurrence of this condition (Okoma et 
al., 2009). The genetic factor being the primary factor in the occurrence of tapping panel dryness 
(Okoma, 2007), the reaction of some clones to the disease is more or less known whatever the 
conditions of exploitation. The clones IRCA 111 and IRCA 130, which are known to be less 
tolerant to tapping panel dryness, confirmed this fact in our study. On the other hand, clones GT 
1 and IRCA 109 show a high resistance to tapping panel dryness. These results confirm the 
classification of CIRAD on the behavior of the rubber clones with respect to tapping panel 
dryness. Moreover, the example of the clones IRCA 109 and IRCA 111 from the same parents 
and having opposite disease levels clearly illustrates the existence of the clonal factor in the 
occurrence of tapping panel dryness in the rubber clones. 

The correlation between tapping panel dryness and the phloem necrosis is significant at the 5% 
threshold by the Pearson’s test. The two diseases are therefore linked. It has been found during 

our field observations and in literature searches that trees with trunk phloem necrosis are 
generally trees previously affected by tapping panel dryness. This result agrees well with that of 
many authors as to the link existing between the two diseases (Eschbach et al., 1989; Niamouké, 
2005; Fragare, 2006). This led Eschbach et al. (1989) to estimate that there is only a problem of 
tapping panel dryness which always evolves towards the trunk ploem necrosis. However, it 
should be recognized that there are in plantation cases of tapping panel dryness without necrosis 
and also cases of trunk phloem necrosis without tapping panel dryness; which enable to make a 
clear difference between the two diseases. Moreover, although they are both of physiological 
origin, the symptomatology proper to each disease proves that they are two distinct affections. 
Indeed, the tapping panel dryness is recognized by the partial or total absence of latex on the 
tapping panel and the trunk phloem necrosis by the presence of the brown sheet and 
subsequently the desquamation of the bark. Finally, the divergent attitude of some clones to both 
diseases confirms once again the clear distinction between them. The clone IRCA 111 less 
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tolerant to tapping panel dryness is tolerant to trunk phloem necrosis whereas the clone IRCA 
109 clone which shows low resistance to trunk phloem necrosis is one of the most tolerant clones 
to the tapping panel dryness. The presence of the genetic factor cannot be neglected, but this 
difference in behavior between the clones proves that these are indeed two different diseases. 

CONCLUSION 

The study that has just been carried out is part of the overall framework for identifying 
agricultural techniques that minimize trunk phloem necrosis. However, it has expanded to the 
tapping panel dryness since it is closely related to trunk phloem necrosis. At the end of this 
study, it should be noted that in the pedoclimatic conditions of the southwest of Ivory Coast, the 
management of the tapping panels, in continuous descent or swaying at different modalities has 
no influence on the occurrence of phloem necrosis and tapping panel dryness in the rubber 
clones under d/4 6d/7 operating conditions. However, the nature of the planted clone plays a key 
role in the occurrence of trunk phloem necrosis and tapping panel dryness. Clones such as GT 1 
and IRCA 130 were very tolerant and less tolerant to both diseases respectively. On the other 
hand, some clones at priori less tolerant to the tapping panel dryness are not for trunk phloem 
necrosis and vice versa. The genetic factor is therefore very decisive in the occurrence of the two 
diseases. It is then necessary to know the predisposition of the clones to the diseases and to take 
them into account for the choice of the clone to be planted. 
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