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ABSTRACT 

Objective: This work to determine the susceptibility of 20 rubber genotypes to leaf fall disease 

caused by Corynespora cassiicola (CLF) was conducted in the San Pedro Rubber Sector in 

southwestern Côte d'Ivoire. 

Methods and Results: These rubber genotypes were selected in large-scale clone fields and tested 

for susceptibility to CLF disease under natural infection in the transplant garden. In a clonal plot, 

the rubber plants were planted in line, with a spacing of 1 m x 1 m between the lines. Overall, the 

results showed that the susceptibility of rubber genotypes fluctuated over the past five years. In 

addition, some rubber genotypes such as IRCA 430, IRCA 101, IRCA 733, IRCA 321, IRCA 523, 

IRCA 41, IRCA 230, IRCA 323 and IRCA 229, once resistant or tolerant, showed over time a 

susceptibility to CLF disease. On the other hand, three genotypes: PB 217, IRCA 101 and IRCA 

538 expressed a good level of resistance to C. cassiicola, unlike the sensitive control IRCA 18 

which showed a high susceptibility throughout the 5 years of observation. 

Conclusion and Recommendation: Of the 20 rubber genotypes tested, only three (PB 217, IRCA 

101 and IRCA 538) are good candidates for large-scale rubber crop referrals to minimize the 

impact of CLF disease in the South-West Côte d’Ivoire rubber orchard. 

Keywords: susceptibility, Corynespora cassiicola, Hevea brasiliensis, graft wood garden, CLF 

disease, Côte d’Ivoire 
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INTRODUCTION 

Hevea brasiliensis (Muell. Arg), a plant 

species of the Euphorbiaceae family, is native 

to the amazon basin. It is cultivated in several 

tropical countries. Its cultivation started in 

Côte d'Ivoire in the 1950s by agro-industrial 

companies (Canh, 1999) and is steadily 

increasing. Côte d'Ivoire is now the leading 

African producer and the fourth largest in the 

world, with a production of 1,100,000 tonnes 

of dry rubber representing 80% of African 

production (APROMAC, 2022). Hevea 

brasiliensis is currently the main source of 

tapped natural rubber (Rahman et al., 2013) 

and also the only commercially planted and 

prized species in the world with better rubber 

(Dusotoit-Coucaud et al., 2009). The demand 

for natural rubber is constantly increasing, 

especially due to the growing demand in recent 

years from emerging countries such as China, 

Brazil and India. Numerous research activities 

have been developed around the rubber tree, 

notably the selection of high latex-producing 

clones. However, the agronomic performance 

of the selected clones is still hampered by some 

diseases, particularly leaf diseases. Currently, 

one of the leaf diseases of greatest concern to 

rubber growers is Corynespora Leaf Fall 

(CLF) disease. The pathogen responsible for 

this disease is a fungus of the class 

Dothideomycetes called Corynespora 

cassiicola (Schoch et al., 2009). First observed 

in Côte d'Ivoire in the 1990s on clones RRIC 

103 and RRIC 110 (Wahounou et al., 1996), 

CLF disease has been in epidemic phase since 

2010. Indeed, heavy attacks of this disease 

observed in almost all plantations of clone 

IRCA 18 in Côte d'Ivoire, have contributed to 

increase the concern of farmers and the rubber 

industry. Today, the problem is managed by 

regularly treating trees with antifungal 

products. However, these chemical treatments 

are difficult to implement on a plantation scale, 

and are harmful to the environment. Therefore, 

the adverse effects of these chemicals lead to 

the consideration of alternative, more 

environmentally friendly control methods. As 

an alternative, rubber genotypes showing 

tolerance to Corynespora cassiicola and 

having good production dispositions could be 

used in rubber cultivation. This study 

specifically aims to evaluate the susceptibility 

of 20 rubber genotypes to CLF disease in the 

rubber growing area of San Pedro in 

southwestern Côte d'Ivoire in a graft wood 

garden. 

 

MATERIALS AND METHODS 

Study site: The study was carried out in the 

graft wood gardens (GWG) located in the 

rubber sector of San Pedro (Figure 1). The San 

Pedro site is located 368 km from Abidjan, in 

the southwest of Côte d'Ivoire, not far from the 

border with Liberia. The San Pedro region has 

a humid equatorial climate, characterised by 

abundant rainfall. The average annual 

temperature in the San Pedro area is 26.1°C 

(Climate-Data.org). The hottest months in this 

area are February, March and April (28.5-

29°C) and the coolest months are August and 

September with an average of 25.6°C (Kéli et 

al., 1992). The average annual rainfall is 1900 

mm (fr.weatherspark.com). The choice of this 

site takes into account, on the one hand, the 

high representation of rubber cultivation in the 

southern zone representing the traditional area 

of rubber cultivation in Côte d'Ivoire, and on 

the other hand, the favourable climatic 

conditions conducive to the expression of the 

susceptibility of genotypes to cryptogamic 

diseases. 
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Figure 1: Location of study site (CNRA, 2019) 

 

Plant material: The plant material consisted 

of 20 rubber genotypes selected in large-scale 

clone fields (LSCF) and a control genotype 

IRCA 18. The LSCF are located in the 

traditional rubber growing area of Côte 

d'Ivoire. The crosses of these rubber genotypes 

are distributed as shown in table 1. 

 
Table 1: Descendants of rubber genotypes and their parents used in this study 

Numbers Descendants Parents (Female x Male) 

1 IRCA 18 (control genotype) PB 5/51 x RRIM 605 

2 IRCA 41 GT 1 x PB 5/51 

3 IRCA 230 GT 1 x PB 5/51 

4 PB 217 PB 5/51 x PB 6/9 

5 IRCA 101 PB 5/51 x IR 22 

6 IRCA 122 PB 5/51 x RRIM 600 

7 IRCA 229 GT 1 x PB 5/51 

8 IRCA 317 GT 1 x PB 5/51 

9 IRCA 323 GT 1 x PB 5/51 

10 IRCA 523 PB 5/51 x RRIM 703 

11 IRCA 538 PB 5/51 x RRIM 703 

12 IRCA 733 PB 5/51 x PR 228 

13 RRIM 712 RRIM 605 x RRIM 71 

14 IRCA 428 GT 1 x AF 261 
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15 IRCA 27 PB 5/51 x RRIM 623 

16 IRCA 321 GT 1 x PB 5/51 

17 IRCA 840 PB 5/51 x PB 252 

18 IRCA 408 PB 5/51 x NAB17 

19 BPM 24 GT 1 x AVROS 1734 

20 RRIM 729 RRIM 623 x FX 25 

21 IRCA 430 RRIM 605 x AF 261 

 

Methods: The experiments involved 21 

selected rubber genotypes including the 

susceptible control IRCA 18. These genotypes 

were selected in large-scale clone fields and 

tested for susceptibility to Corynespora Leaf 

Fall (CLF) disease under natural infection in 

graft wood gardens. Observations of CLF 

disease symptoms were made over five 

consecutive years (2018 - 2022) in graft wood 

gardens. In a clonal plot, rubber plants were 

planted in rows with a spacing of 1 m x 1 m 

between rows. Each plot was divided into five 

relatively equidistant observation points on the 

diagonals. In each clonal plot, 100 plants were 

scored. Leaf symptoms such as necrotic lesions 

with yellow halo and vein necrosis giving a 

typical “fishbone” pattern were used to 

identify plants attacked by CLF disease. The 

Manju et al. (2010) scale was used to assess the 

level of disease severity. 0 = no symptoms, 1 = 

very mild (five lesions), 2 = mild (6-10 lesions 

and 5% leaf drop), 3 = moderate (more than 10 

lesions and 10.1-25% leaf drop), 4 = severe 

(large lesions and 25.1-50% leaf drop), 5 = 

very severe (large lesions and >50% leaf drop). 

The disease severity index (DSI) caused by C. 

cassiicola was determined by the following 

formula: 

DSI =
∑ ( Ni x Ii )

Nt
   

Ii: severity score (0 to 5); Ni: number of trees 

with score i; Nt: total number of trees 

examined. Clonal susceptibility was assessed 

on a scale of 0 to 5 as follows: 0 = immune 

(DSI = 0); 1 = resistant genotype (0 < DSI ≤ 

1); 2 = tolerant (1 < DSI ≤ 2); 3 = moderate (2 

< DSI ≤ 3); 4 = susceptible (3 < DSI ≤ 4) and 

5 = highly susceptible (4 < DSI ≤ 5). 

Statistical analysis: Analysis of variance 

(ANOVA) was used to compare C. cassiicola 

disease severity indices across rubber 

genotypes. When a significant difference was 

observed between the means, the ANOVA was 

complemented by multiple comparisons using 

the least significant difference (LSD) test. The 

significance of the tests was determined at the 

α=0.05 threshold. These analyses were carried 

out with Statistica 10 software. 

 

RESULTS 

Susceptibility of selected rubber genotypes 

to Corynespora cassiicola across years in the 

San Pedro area: The analysis of variance 

(ANOVA) performed to compare the disease 

severity index of rubber genotypes over the 

five years (2018-2022) of observation revealed 

a significant difference (Table 2). This table 

shows that rubber genotypes such as IRCA 

430, IRCA 321, IRCA 41, IRCA 230, IRCA 

323 IRCA 229, IRCA 428, IRCA 317 and 

BPM 24 that showed resistance to C. 

cassiicola in the year 2018, subsequently 

showed low to high Corynespora disease 

severity indices. Although the susceptibility of 

rubber genotypes has fluctuated over the years, 

there is one batch of genotype with good level 

of resistance to C. cassiicola throughout the 

five years of observation. This is the case with 

PB 217, IRCA 101 and IRCA 538. The 

susceptible control IRCA 18 showed high 

susceptibility to C. cassiicola throughout the 

five years of observation. 
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Table 2: Susceptibility of selected rubber genotypes to Corynespora cassiicola over five years (2018-2022) 

of observation 

Rubber genotypes 

2018 2019 2020 2021 2022 

Disease Severity Index (DSI) 

IRCA 18 5.000 a 5.000 a 5.000 a 5.000 a 5.000 a 

IRCA 430 0.000 c 2.400 c 1.000 d 2.500 f 3.200 de 

RRIM 729 1.200 b 1.200 e 2.300 c 5.000 a 1.633 h 

IRCA 101 0.000 c 0.000 g 1.500 d 0.000 h 0.000 i 

IRCA 733 0.000 c 2.500 c 2.800 b 0.000 h 0.000 i 

RRIM 712 4.000 a 5.000 a 5.000 a 0.000 h 2.633 g 

IRCA 27 1.400 b 2.500 c 2.900 b 0.000 h 4.000 c 

PB 217 0.000 c 1.000 e 1.000 d 0.600 g 0.000 i 

IRCA 321 0.000 c 0.600 f 1.000 d 4.600 b 3.000 ef 

IRCA 538 0.000 c 0.000 g 0.000 f 0.000 h 0.000 i 

IRCA 523 0.200 c 0.600 f 0.700 e 5.000 a 2.800 fg 

IRCA 41 0.000 c 0.800 ef 1.000 d 5.000 a 3.833 c 

IRCA 230 0.000 c 3.200 b 1.000 d 5.000 a 4.000 c 

IRCA 323 0.000 c 0.700 f 2.500 c 2.300 f 2.533 g 

IRCA 428 0.000 c 2.700 c 2.000 c 3.767 d 4.000 c 

IRCA 229 0.000 c 2.000 cd 2.800 b 4.367 c 3.333 d 

IRCA 122 4.000 a 4.000 a 2.400 c 4.467 bc 4.467 b 

IRCA 840 1.000 b 1.600 d 1.200 d 5.000 a 4.000 c 

IRCA 317 0.000 c 0.700 f 2.800 b 3.200 e 3.800 c 

IRCA 408 0.700 bc 1.000 e 2.400 c 3.067 e 4.000 c 

BPM 24 0.000 c 3.500 b 1.300 d 5.000 a 3.400 d 

P < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 
In each column, values with the same letter are not significantly different (5% Newman Keuls test); 0 = no disease 

(DSI = 0); 1 = resistant genotype (0 < DSI ≤ 1); 2 = tolerant (1 < DSI ≤ 2); 3 = moderate (2 < DSI ≤ 3); 4 = susceptible 

(3 < DSI ≤ 4); and 5 = highly susceptible (4 < DSI ≤ 5) 

 

Overall effect of the association of years and 

rubber genotypes on the severity index of 

CLF disease caused by Corynespora 

cassiicola: Multivariate analysis of variance 

(MANOVA) showed that there is very highly 

significant influence (P < 0.0001) of the 

observation years and rubber genotype on the 

severity index of CLF disease caused by 

Corynespora cassiicola. Multivariate analysis 

of variance (MANOVA) revealed an 

interaction (P < 0.05) of years of observation 

and rubber genotypes on the severity index of 

CLF disease caused by C. cassiicola (Table 3). 

 

Table 3: MANOVA result on the effect of the association "years and rubber genotypes" on the 

severity index of the disease caused by C. cassiicola 

 DL F P 

Years 4 5850.618 < 0.0001 

Rubber genotypes 20 1913.721 < 0.0001 

Years x Rubber genotypes 80 344.078 < 0.0001 

 

Influence of the year on the severity index of 

the disease caused by C. cassiicola in the San 

Pedro area: Figure 2 presents the results on 

the influence of the years on the severity index 

of the CLF disease caused by C. cassiicola in 

the San Pedro area. The results of the five years 
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of observation show that the year 2021 stood 

out from the others with an increase in the 

disease severity index (DSI = 3.14). On the 

contrary, the year 2018 was marked by very 

low disease severity indices (DSI = 0.93). 

 

 
Figure 2: Graph of the dynamics of CLF disease caused by C. cassiicola over a period of 5 years 

in the San Pedro area 

 

Some symptoms of CLF disease caused by Corynespora cassiicola in the graft wood garden:  

    

 
Figure 3: Symptoms of CLF disease due to Corynespora cassiicola in graft wood gardens (A: characteristic 

“fishbone” lesions on the leaf; B: burnt appearance of the leaf veins; C: lesions surrounded by a yellow halo 

on the leaf) 

A B 

C 
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DISCUSSION 

The results of the study of the susceptibility of 

rubber genotypes to C. cassiicola in graft wood 

garden showed that the formerly resistant 

rubber genotypes show over time a 

susceptibility to C. cassiicola. Indeed, the 

rubber genotypes in particular IRCA 430, 

IRCA 101, IRCA 733, IRCA 321, IRCA 523, 

IRCA 41, IRCA 230, IRCA 323 and IRCA 229 

that showed resistance to C. cassiicola in 2018 

have subsequently shown severe symptoms of 

C. cassiicola disease. This could be related to 

several factors such as climate change, 

introduction or development of a new 

pathotype of C. cassiicola in the rubber 

orchard. Similar observations were reported by 

Mathew (2006) on clonal susceptibility to the 

disease caused by C. cassiicola in various 

natural rubber producing countries. He pointed 

out that the tolerance level of widely grown 

clones is declining. The different ranges of 

susceptibility observed could be explained by 

the fact that rubber genotypes do not react in 

the same way after being attacked by the 

fungus (Tran, 2016). Similar observations 

were reported by Jayasinghe (2003) on rubber 

genotypes such as AVROS 2037, PB 260, 

RRIM 600, PB 235, PR 107, RRIC 110, IAN 

873, RRII 105 and PR 261 to the disease 

caused by C. cassiicola. There is a group of 

rubber genotypes that did not show any 

symptoms of the disease (DSI=0). This 

observed phenomenon could be described as 

vertical or monogenic resistance, which 

appears only against certain races of the 

pathogen. A study by Breton et al. (1997) 

showed that this type of resistance can be 

explained first by the accumulation of a 

phytoalexin, scopoletin, and then by the 

lignification of cell walls, which forms a 

physical barrier to the spread of the fungus. 

According to d'Auzac (1995), this defence 

mechanism can be explained by the cross-

linking of the parietal proteins responsible for 

blocking the mycelium in the necrotic tissues 

at the point of penetration. Our results also 

show the presence of a group of rubber tree 

genotypes tolerant to the disease (1 < DSI ≤ 2). 

This tolerance response could be explained by 

the fact that the plant has adopted more 

sophisticated mechanisms to inhibit the 

reproduction of the pathogen after having 

bypassed its preformed defences (Thordal-

Christensen, 2003). This type of defence 

mechanism is usually polygenic and is called 

horizontal resistance. This hypothesis is 

corroborated by the work of Othman et al. 

(1996). According to these authors, this 

phenomenon is due to the effects of polygenic 

characters that lead to resistance to 

Corynespora cassiicola. The high rate of 

susceptible rubber genotypes observed in the 

graft gardens of southwestern Côte d'Ivoire 

could be mainly related to climatic conditions, 

especially rainfall. Indeed, this rubber-growing 

region of southwestern Côte d'Ivoire receives 

heavy rainfall (about 2000 mm) every year, 

providing favourable conditions for the 

proliferation of Corynespora cassiicola 

spores. This result is consistent with what 

Jayasinghe (2003) reported. This author 

showed that moisture generated by rainfall 

favours sporulation, spore germination and 

increased pathogenicity. It was shown that the 

C. cassiicola susceptible control, particularly 

IRCA 18, displayed susceptibility to CLF 

disease throughout the observation period 

(2018-2022). This susceptibility could be due 

to the disease outbreak first reported in 2010 

on this genotype, which is cultivated over large 

areas in the traditional rubber growing zone in 

Côte d'Ivoire; thus, increasing the pest pressure 

in this area. The high susceptibility to CLF 

diseases observed in the majority of genotypes 

in this study could be explained by the fact that 

these rubber genotypes are hosts of C. 

cassiicola breed confined in this area. This 

result may also be due to the high rainfall 

observed in this study area. Similar results 

were reported by Manju et al. (2010), in a 

study conducted in Karnataka district (India) 
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on the susceptibility of 62 Hevea brasiliensis 

genotypes to the disease caused by C. 

cassiicola. Ultimately, epidemiology is very 

important for designing and developing 

appropriate control methods. Diagnosis based 

on the observation of symptoms is a 

prerequisite for the development of control 

methods against the fungi. 

 

CONCLUSION AND RECOMMENDATION 

At the end of this study, it was found that the 

susceptibility of rubber genotypes to CLF 

disease has fluctuated over the years. In 

addition, some rubber genotypes such as IRCA 

430, IRCA 101, IRCA 733, IRCA 321, IRCA 

523, IRCA 41, IRCA 230, IRCA 323 and 

IRCA 229, formerly resistant or tolerant, show 

susceptibility to CLF diseases over time. 

However, three genotypes; PB 217, IRCA 101 

and IRCA 538 expressed a good level of 

resistance to C. cassiicola, in contrast to the 

susceptible control IRCA 18 which showed a 

high susceptibility to C. cassiicola throughout 

the 5 years of observation. These three 

genotypes (PB 217, IRCA 101 and IRCA 538) 

are good candidates for large-scale rubber crop 

referrals to minimize the impact of CLF 

disease in the South-West Côte d’Ivoire rubber 

orchard. 
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