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Abstract: Cocoa dieback is an emergence disease in cocoa farms in West Africa, due to the synergistic action 
of Sahlbergella singularis Hagl. and/or Distantiella theobroma (Dist.) and opportunist fungi 
infestations/infections. Data regarding the involvement of others mirid species as Helopeltis sp., commonly 
encountered in plantations in Southern Cameroon, on dieback process of cocoa plants remain unknown. Then, 
we investigated the effect of Helopeltis sp. feeding and associated pathogenic fungi infections on cocoa dieback 
emergence. Two different infestations (mirids and fine needles) alongside a control, on cocoa branches/twigs of 
eight genotypes (T79/501×SNK479, UPA143×NA33, T79/501×SNK13, UPA14×SNK64, SNK 7, TIKO 31, Pa 
7 and IMC 60), were performed in plantations in order to characterize the cocoa dieback, and identify the 
associated pathogenic fungi using relevant dichotomous keys. Apart from 20.0% of undetermined species, three 
pathogenic fungi taxa were inventoried in the study site, namely Lasiodiplodia sp. with the highest occurrence 
(54.3%), followed by Botryosphaeria sp. (17.4%), then Fusarium sp. (8.3%). Overall, the highest occurrence of 
pathogenic fungi associated with cocoa dieback disease were obtained on branches infested with mirids (80.0% 
of the total) compared to those with fine needles (16.0%) and control (4.0%). Our results showed that dieback 
progression on infested cocoa branches varied amongst cocoa genotypes, mean values ranging from 3.0 ± 1.51 
cm for genotype IMC60 (most tolerant) to 10.8 ± 2.16 cm for genotype UPA143×SNK64 (most susceptible). 
The fungi identified behaved as opportunistic species due to the primary Helopeltis sp. infestations of the host 
plant leading to dieback. Our findings undoubtedly show the synergistic action of Helopeltis sp. and fungi in 
cocoa dieback handing out and should be taken into account in Integrated Pest Management (IPM) programs 
against the targeted cocoa disease. 
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1 Introduction 

Ranked fourth cocoa producing country 
after Ivory Coast with 33.0% of global production 
(1,472,313 metric tons), Ghana with 19.2% 
(858,729 metric tons), Indonesia with 14.7% 
(656,817 metric tons), Cameroon with 6.5% of the 
global production (291,512 metric tons) places 
cacaoculture as one of the highest pecuniary 
commodities in income-generation after the 
petroleum sector [1,2,3]. It is known that in 
Cameroon, the cocoa (Theobroma cacao Linnaeus, 
1753) sector always generates more than 100 billion 
francs CFA annually, and contributes close to 28% 
of the non-petroleum exportation products and 40% 
of export products from the primary sector [2,4]. 
Notwithstanding a continuous increase in cocoa 
beans production within the national cocoa growing 
area, annual Cameroonian yields remain low 
compared to those of other African countries such as 
Ivory Coast. Cocoa yields, per hectare, in Cameroun 
have been estimated between 300 to 400 kg versus 
500 to 600 kg in Ivory Coast [5, 6]. Among the 
causes of these low yields in cocoa farms are 
diseases and insect pests [7, 8, 9, 10]. According to 
many authors [7,8,9,10,11,12,13,14,15], in West and 
Central Africa in general and in Cameroun in 
particular, cocoa farms mainly suffer from the black 
pod disease due to Phytophthora spp. and mirids 
(Sahlbergella singularis Haglund, 1895 and 
Distantiella theobroma (Distant, 1909)). Cocoa 
plantations losses due to these pests and diseases 
were estimated between 10 to 100% in case of 
massive attacks and lack of appropriate treatments 
[7,11,14,15,16,17]. As regards mirids, apart from 
pods damage, these insect pests also attack 
branches, leaves and the trunks of cocoa trees, cause 
damage including dieback which occurs post the 
feeding puncture of mirids, in synergy with action 
of some opportunistic fungi species [2,15,18]. 
Dieback appears as a physiological opportunistic 
disease that begins at the level of wounds or feeding 
lesions to the entire host plant by mirid infestations; 
these insects inject their hemolytic saliva into the 
plant host tissues during the feeding punctures, 
which reaches the wood and libber channels of the 
affected cocoa tree, thus prevents the circulation of 
the phloem sap for example [19, 20, 21]. The 
inhibition of phloem sap circulation of the cocoa 
leads to a progressive drying of the leaves of the 
parasitized branches/twigs, ultimately causing death 
of the infected tree known as cocoa dieback 

[2,10,15,21,22]. So far and to the best of our 
knowledge, Sahlbergella singularis is the only 
species whose feeding bites are documented as 
being associated with cocoa dieback in West and 
Central Africa [2,15,18,23], probably due to its 
omnipresence/abundance and economic importance 
in cocoa farms [24,25,26,27]. However, other 
numerous insect pest species such as Helopeltis 
spp., also belonging to the Miridae family, are 
commonly encountered in plantations in Southern 
Cameroun, both during the fruiting and vegetative 
phases of the host plant [26,28,29]. These species 
are also piercing-sucking true bug insects for cocoa 
trees, especially cocoa branches/twigs in the inter-
campaign i.e. the period after the pods harvest in the 
plantations corresponding to the vegetative phase of 
the host plant (Mahob, com.pers.). However, the 
involvement of these species in the development of 
dieback remains unknown. Ecological data 
regarding the impact of other mirid species such as 
Helopeltis sp. infestations, and the ultimate 
emergence of dieback to the host plant deserves to 
be clearly elucidated to understand holistically the 
interactions between mirid species sensu lato 
infestations and associated opportunistic fungi on 
the occurrence of cocoa dieback disease under field 
conditions. Indeed, investigation of the targeted 
pathology origin can considerably improve the 
integrated pests’ management (IPM) of cocoa-based 
agrosystems worldwide, especially in Cameroon. 
Herein, we hypothesized that Helopeltis sp.’ attacks 
to cocoa trees also causes dieback such as S. 

singualris, with synergistic action of opportunistic 
pathogenic fungi infections. The aim of this study 
was to elucidate the relationship between Helopeltis 

sp. and associated fungal infections on the dieback 
process of different cocoa genotypes under field 
conditions. 

 

2 Materials and methods 

2.1 Study site and experimental plot 

description 
This study was carried out from July 2022 

to February 2023, within three cacao blocks, each 
measuring 2500 m² (100 m × 25 m), situated at the 
IRAD-Research Station of Nkoemvone (2°40’N and 
11°20’E; 630 m a.s.l.) (Fig. 1), in the semideciduous 
rain forest of Southern Cameroon. Data related to 
Cultural practices, floristic composition, climate and 
soil of the study site are documented by Mahob et 

al. [17,30] and Voula et al. [2]. 
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Fig. 1: Geographic location of the study site 

 

Each experimental plot was mainly planted with 
about 300 cocoa trees; the flora and shade were 
relatively homogeneous [30]. The distance between 
two consecutive cocoa trees in a row and between 
the rows was 3 m in the sampling units. Selected 
plots were the Fisher’s completely randomized 
blocks containing eight cocoa genotypes for our 
experiments, including four hybrids (T79/501 × 
SNK479, UPA143 × NA33, T79/501 × SNK13, 
UPA14 × SNK64) and four clones (SNK 7, TIKO 
31, PA 7 and IMC 60). The tested cocoa genotypes 
were selected and placed in two genetic groups 
based on their: (i) numerical abundance compared to 
other genotypes during the study, and (ii) well-
known origin: Upper Amazon = IMC60, PA 7, 
T60/887, T79/501 and UPA143 and local Trinitario 
= SNK and TIKO 31 [20,31,32]. This protocol 
assessed the different genotypes 
susceptibility/sensitivity or tolerance/resistance 
towards the feeding punctures of the target mirid 
and associated synergistic action of opportunistic 
pathogenic fungi regarding the cocoa dieback 
[2,15,18,23].   

 

 

2.2 Field search of mirids and rearing 

method 
Mirids were searched and caught within 

cocoa farms of the IRAD-Nkoemvone Research 
Station and in surrounding plantations, early in the 
morning i.e. between 6: 30 and 9:30 a.m, from July 
to September 2022 corresponding to the pullulating 
period of mirids in plantations [21,33,34]. A total of 
200 individuals were collected, sexed/identified 
using relevant dichotomous keys of Lavabre [29] 
and Delvare and Aberlenc [35]. A total of 65 
couples of females and males were constituted for 
rear. Mirids were reared only in plantations at 
IRAD-Nkoemvone Research Station due to the high 
performance of the breeding approach practiced 
there [2]. Thus, each couple of mirids was reared on 
cocoa pods covered with an aerated cloth sleeve (20 
x 30 cm for immature fruits; and 30 x 40 cm for 
mature/ripe fruits); this method protects mirids 
against exogenous aggression [2,17,36,37]. Fourth 
and fifth instars’ larvae were mainly used for 
experiments due to their being easily manipulated 
under field working conditions [17,32]. 
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2.3 Assessment of the effect of mirid 

infestations on dieback 
The effect of mirid infestations on dieback 

was assessed, as previously mentioned, on eight 
cocoa genotypes present in three completely 
randomized blocks among others at the IRAD-
Nkoemvone Research Station. Two types of 
infestations were realized under cloth sleeves only 
during one week post-infestation, and then cloth 
sleeves were removed to facilitate host plant 
settlement by pathogen fungi (Fig. 2). The first one 
called biological infestation consisted of infecting 
the young shoots of branches/twigs, physiologically 
and phenotypically exempt of any attack, with 
mirids. We used one individual, larva stage 3 or 4, 
which was starved for 48 hours, per cocoa genotype 
and per replication. The second one called 
mechanical infestation consisted of infecting young 
shoots of branches/twigs with fine needles (10 
stings at 2 cm depth), per genotype and per 
replication [2,15]. A negative control i.e. young 
shoots of branches/twigs without any infestation 
was also used. A total of 30 replications were done 
per cocoa genotype, including a negative control. 
The physiological reaction of the tested organs for 
each type of infestation per genotype was observed 
weekly for 3 months (December 2022 to February 
2023); the length of dieback progression, when 
observed, was measured in centimeters with a ruler. 
Cocoa dieback disease was recorded from 
December to February in the long dry season 
because mirids damage on the host plant is easily 
observed at this period [19,21,22]. 

Fig. 2: Protocol of branches/twigs infestation with 
mirid Helopeltis sp.: (A) partial opening of cloth 
sleeve which protecting the arena, (B) complete 

closure of the cloth sleeve with infested young shoot 
of branches/twigs. 

 

2.4 Isolation and characterization of 

parasitic fungi 
Isolation and characterization of cocoa plant 

parasitic fungi was performed at the Yaoundé 
(Political Capital of Cameroon) Phytopathology 
Laboratory of IRAD. Collected cocoa twig samples 
from the three types of infestation were rinsed with 
tap water for 10 minutes to get rid of impurities and 
debris on their surface [38,39]; they were 
subsequently immersed in 70% ethanol for 1 
minute, then in a 2.5% sodium hypochlorite 
(NaOCl) solution for 4 minutes. These samples were 
put again in 70% ethanol for 30 seconds [40], rinsed 
thrice with distilled water for 1 minute, then dried 
on sterile absorbent paper [39,40]. They were later 
cut into small fragments and placed in Petri dishes 
containing Potato Dextrose Agar (PDA) previously 
autoclaved at 121°C for 15 minutes, supplemented 
with 1 mg/l of chloramphenicol to inhibit bacteria 
growth; finally, they were incubated at room 
temperature in order to obtain pure cultures of the 
fungi (Fig. 3). Fungi identification was done using 
the morphological characters with the relevant 
dichotomous keys [40,41,42;43,44]; and the 
occurrence of each identified fungal species was 
calculated according to Bush et al. [45]. 

 

C
A B C

20 mm

 

Fig. 3: Petri dishes containing some fungal isolates: 
A) Negative Control, B) Mirids and C) Fine needles. 

 

2.5 Statistical analysis 
The average number of the dieback on young 

shoot branches, expressed by the decaying length 
for each tested cocoa genotype per replication, was 
recorded. The original data were log-transformed 
for normality before the analysis; then average 
lengths of dieback of the different cocoa genotypes 
were compared for by one-way ANOVA using the 
Generalized Linear Model (GLM). When 
differences were found between average lengths of 
dieback, Student-Newman-Keuls (SNK) post hoc 
was used for pairwise comparisons of the multiple 
average lengths of dieback of 08 cocoa genotypes. 
The degree of similarity of the 08 tested genotypes 
for their susceptibility/sensitivity regarding the 
dieback cocoa disease, due to mirid infestations was 
determined using a Cluster analysis, where cocoa 

Infested young shoot of 

branche/twig by mirid

Cloth sleeve
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genotypes were considered as line individuals and 
pathogenic fungi species as column individuals. All 
statistical analyses were performed with 
STATISTICA (version 10) software and the 
differences were deemed to be significant at P<5%. 

 

3 Results 

3.1 Pathogenic fungi associated to cocoa 

dieback 
Overall, the highest occurrence of 

pathogenic fungi associated with cocoa dieback 
disease was obtained on branches infested with 
mirids (80.0% of the total) and the lowest ones with 
fine needles (16.0%), and the control (4.0%). Apart 
from 20.0% of undetermined species, three 
pathogenic fungi taxa were inventoried in the study 
site, namely: Lasiodiplodia sp., Botryosphaeria sp. 
and Botryosphaeria sp.. The occurrence of 
Lasiodiplodia sp. (54.3%), was highest followed by 
Botryosphaeria sp. (17.4%), then Fusarium sp. 
(8.3%) (Fig. 4).  

 

Fig. 4: Occurrence frequency distributions of 
pathogenic fungi towards the studied cocoa 
genotypes. 

 

3.2 Dieback length on branches of the studied 

cocoa genotypes 
Cocoa dieback on branches was observed 

only in cases of mirid infestations; values varied 
between the studied cocoa genotypes and ranged 
from o cm for all tested cocoa genotypes to 20 cm 
for UPA 143 x SNK64 (Fig. 5). 

 
 

 
 

 
 

 

Average dieback lengths varied significantly 
(F(7,232)= 52.6 ; P<0.0001) between the eight 
cocoa genotypes tested;  obtained values were 
grouped into three homogeneous subsets, according 
to ANOVA, and ranged from 3.0  4.9 cm for IMC 
60 (most tolerant/resistant) to 10.8  6.8 cm for UPA 
x SNK 64 (most sensitive) (Table 1). 
 

Table 1: Frequency distributions of the branches 
dieback length due to Helopeltis sp. infestations, and 
comparison of the obtained average values ( SD) in 
cm of studied parameter 

Cocoa genotypes 
Number of 

samples  
Average length ( SD) 

of dieback 

IMC 60 30 3.0  4.9b 

PA 7 30 3.8  5.8b 
TIKO 31 30 4.0  5.4b 
T79/501 x SNK13 30 4.0  5.3b 
T79/501 x SNK479 30 4.3  5.9b 
UPA141 x NA33 30 4.5  5.8b 
SNK 7 30 5.5  6.1ab 
UPA x SNK64 30 10.8  6.8a 
 Statistics : F(7,232)= 52.6 ; P<0.0001 

In column 3 on the right, values with the same letter 

are not significantly different at 95% of confidence 
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Fig. 5: Frequency distributions of the length (in cm) of 
twigs dieback in function of tested cocoa genotypes, 
after the mirid Helopeltis sp. infestations. 
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interval, according to Student-Newman-Keuls 

(SNK); SD: Standard deviation. 

 

3.3 Estimation of the degree of cocoa dieback 

similarity between the tested genotypes, 

according to their susceptibility to the 

studied host plant disease 
Cluster analysis divided the 08 cocoa 

genotypes into three homogeneous subsets (A, B 
and C); within each subset there were also close 
similarities between the tested cocoa varieties in 
terms of susceptibility to cocoa dieback disease 
(Fig. 6). 

 

 

 

 

 

 

 

 

 

 

 

 

4 Discussion 
The aim of this study was to determine the 

impact of the feeding mirid (Helopeltis sp.) 
punctures and associated pathogenic fungal agents’ 
infections on the ultimate emergence of cocoa 
dieback. The susceptibility/sensitivity of different 
cocoa genotypes was assessed by infecting the 
young shoots of branches/twigs in the plantations 
followed by the characterization of the fungi taxa 
involved on the target host plant pathology under 
laboratory conditions. Cocoa genotypes 
susceptibility/sensitivity or tolerance/resistance to 
dieback disease was determined by measuring the 
decaying length on the infected twigs in the current 

work as a step of varietal breeding towards the 
targeted pathology. Results showed differences 
between cocoa genotypes in the 
susceptibility/resistance to dieback disease 
regarding the decaying length on the twigs of the 
tested varieties. Concerning the average dieback 
length values obtained in our investigations, cocoa 
hybrid UPA x SNK 64 and IMC 60 were most 
sensitive and tolerant respectively to the fungi 
involved in the studied plant pathology. This result 
clearly shows that these cocoa genotypes have a 
differential sensitivity/tolerance to mirids and 
associated pathogenic fungi infestations in general, 
and especially towards dieback disease, although the 
tolerance/resistance mechanisms used by the host 
plant remain to be elucidated. The result also 
supports findings of Voula et al. [2], Anikwe and 
Otuonye [15], Adu-Acheampong et al. [18], 
Crowdy [46], Owen [47], Sounigo et al. [48] and 
N’Geussan et al. [49,50], which reported that the 
sensibility/tolerance of cocoa to mirid infestations 
and/or dieback disease varies in function of cocoa 
varieties. Three fungi taxa, namely Lasiodiplodia 

sp. (54.3%), Botryosphaeria sp. (13.4%) and 
Fusarium (8.3%) in both biological (mirids), 
mechanical (fine needles), and in the negative 
control were identified. However, the cocoa dieback 
disease has been observed only in cases of mirid 
infestations involving all the tested genotypes. 
These fungi species inventoried in both positive and 
negative (control) trials clearly show their 
omnipresence in host tissues, and confirm their 
natural endophyte status on cocoa varieties although 
not necessarily causing dieback disease 
[2,15,51,52]. The fact that cocoa dieback disease 
symptoms were only observed on the branches 
primarily infested by mirids undoubtedly indicates 
that mirids infestations create favorable 
physiological conditions, such as the stress in the 
host plant, resulting to the emergence of a pathology 
with the synergistic action of opportunistic fungi 
[2,15,46]. Indeed, it is known that during their 
feeding, mirids inject hemolytic saliva into the host 
tissues, which results in subsequent lesions/wounds 
in/on the infested cells which are later colonized or 
invaded by the opportunistic fungi, such as those 
inventoried in the current study and leading to cocoa 
dieback [2,15,23,46]. Although the fungi occurrence 
varies between the taxa (Fig. 4), it is obvious that 
each fungal taxa played a significant role in the 
cocoa dieback process. We therefore assume that 
polyinfection by fungi associated with some 
ecological factors such as cocoa stress, necrotic 
lesions, phloem sap disruption, soil quality 
nutriments, and the catalytic role of mirids are 

Fig. 6: Similarity of the susceptibility/sensitivity of 
the tested cocoa genotypes to dieback disease, post 
mirid infestations, according to cluster analysis. A, B 
and C: homogeneous subsets. 
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ultimately responsible for the death of the entire 
affected cocoa tree under field conditions [2,18]. 
Similar to previous studies on cocoa [2,15] and in 
other host plants such as Mangifera indica 

Linnaeus, 1753 [53, 54], our results show that 
Lasiodiplodia sp. was the most frequent compared 
to the other two identified fungi species (Fig.4), and 
confirms its status as the main opportunistic fungal 
species associated with cocoa dieback [2,15]. 
Conversely to our study, cocoa farms in Nigeria, 
Anikwe and Otuonye [15] observed cocoa dieback 
on twigs infested with fine needles with decaying 
mean length values ranging from 7.8  0.16 to 8.7  
0.15 mm. This difference could be linked to the 
difference in the genetic make up of the cocoa 
varieties and their response to exogenous attacks 
such as those with fine needles [18,48]. In fact, 
cocoa varieties in our study showed a great 
resistance compared to those studied by Anikwe and 
otuonye [15], which were sensitive to fine needle 
infestations; the mechanisms underlying the 
defenses of cocoa trees against mechanical 
infestations require further investigations. Data on 
the species richness/diversity and fungal 
occurrences in this work also differ from those of 
Anikwe and Otuonye [15] and Voula et al. [2]. This 
could be explained by the fact that frequency 
distributions of pathogens (including fungi) vary in 
space and time depending on the heterogeneity (i) in 
susceptibility or exposure of cocoa genotypes to 
pathogenic fungi, and (ii) experimental conditions 
[18,55,56]. 
In addition to dieback disease, mirids i.e. Helopeltis 

sp., S. singularis and other insect species [57] are 
also involved in the spread of the pod rot cocoa 
disease, due to Phythophthora spp. in fields, known 
as the main cocoa disease in West and Central 
Africa [15, 57]. In the current work, Helopeltis sp. 
mimicked the behavior of S. singularis regarding the 
damage towards the host plant; it was also revealed 
as a major economic insect pest due, among others, 
to the cocoa field production losses (60  0.11% to 
96  0.05% per year) caused by this insect species, 
due to the absence or inappropriate control measures 
with insecticides treatments [60]. Therefore, it is 
crucial to study the interactions between each mirid 
species present in plantations and cocoa trees, in 
order to determine its ecological status, then develop 
a sustainable holistic program for Integrated Pest 
Management (IPM) against cocoa mirids sensu lato. 

 

5 Conclusion 

This study shows that the cocoa mosquito mirid true 
bug Helopeltis sp. infestations associated with the 
synergistic action of opportunistic fungi are also 
involved in the emergence of dieback disease in 
plantations. Working in deterministic conditions and 
in the same study site as Voula et al. [2], our study 
emphasizes the previous findings obtained in West 
[15,23] and Central [2] Africa with Sahlbergella 

singularis, known as a major economically 
important insect pest in these cocoa growing area. 
Indeed, our investigations confirm, once again, the 
positive relationship between mirid species 
infestations and the dieback process of the cocoa 
plants due to the postinfection of pathogenic fungi 
such as Lasiodiplodia sp., Botryosphaeria sp. and 
Fusarium sp. inventoried in this work. Compared to 
both others enumerated fungal species, 
Lasiodiplodia sp. being the most predominant 
confirmed its status as the main opportunistic fungal 
species involved in cocoa dieback disease in West 
and Central Africa in general, and especially in 
Cameroon at the Nkoemvome IRAD-Research 
Station. Cocoa trees naturally hosted all the 
inventoried fungal species but did not cause any 
dieback disease, while only cocoa branches infested 
by Helopeltis sp. developed dieback disease. This 
supports a catalytic role of this insect species 
towards the development of the studied pathology 
on cocoa varieties. Clone IMC 60 and hybrid UPA x 
SNK64 were most tolerant/resistant and most 
sensitive respectively while the six other genotypes 
(T79/501 × SNK479, UPA143 × NA33, T79/501 × 
SNK13, SNK 7, TIKO 31 and PA 7) had an 
intermediate sensitivity/tolerance to cocoa dieback 
disease. We suggest that the current new data be 
taken into account in breeding programs of cocoa 
varieties against the studied pathology for efficiency 
and sustained IPM against the dieback disease under 
field conditions.  
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