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Abstract – A study in semi-controlled conditions and in the 
open field, has been conducted on seven pepper varieties to 
test their resistance against sclerotinia caused by Sclerotium 
rolfsii  at Songon- Té, in southern Côte d’Ivoire. Pepper 
varieties tested are: Tiela, Super, Nickly, Batur, Tongla, 
Demon and Yolo Wonder. At the end of the study, the 
witness Yolo Wonder, known for its sensitivity, has been very 
vulnerable to disease, with a severity rate of 90%; Batur and 
Tongla were likely, with respective severity rate of 61.13 ± 
0.19% and 52.70 ± 0.14%, while three varieties that are 
Tiela, Super and Demon have been moderately likely to the 
attack of the pathogen agent, with respective severity rates of 
42.51 ± 0.91%; 25.96 ± 0.38% and 21.68 ± 0.84%. As for the 
variety Nickly, it has been stronger against sclerotinia, with a 
severity rate of 0%. 
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I.  INTRODUCTION  
 

Food plays a very important role in nutrition and human 
health and the maintenance of the body. Among these 
foods, the pepper (Capsicum spp) is very important for 
small farmers in developing countries. The Pepper, tangy, 
today dominates all world trade of spices and the sweet 
pepper has become a popular crop in the tropics [1]-[2]. 
More than 25 species of pepper are described of which 
only five (C. annum L., C. Chinense Jacq., C. frutescens 
L., C. baccatum.and C. Pubescens Keep.) are 
domesticated or cultivated [3]-[4]. According to FAO 
statistics, in 2013, the pepper is grown on almost 3.8 
million hectares of which 3.3 million are in developing 
countries. It is more cultivated in Asian countries, with 2.5 
million hectares and 0.8 million hectares for those of 
Africa. The farming of pepper is practiced the whole year 
and everywhere in Côte d'Ivoire but requires some time 
the watering against season [5]. However, this culture is 
subject to significant pest pressure. At least 10% of world 
production is still lost because of diseases, which leads to 
a considerable reduction in producers' incomes [6]. The 
farming of pepper suffers from anthracnose or fruits rot, 
wilting, falling leaves and powder mildew. Among these 
diseases, annulus rot caused by Sclerotium rolfsii is of 
economic importance and more restricting for the farming 
of pepper [7]. The damage is particularly charged that the 
severity of the disease is high in the fields. The lost of 
production may rise between 10- 25% or even above 81% 

[8]-[9]. It is very difficult to control telluric fungus, 
especially S. rolfsii through conventional methods such as 
applying fungicides, farming methods etc. First, the 
application of chemical fungicides is expensive, harmful 
and hazardous for the environment and human health [10]. 
The World Health Organization (WHO) and the UN 
Environment Program assess that each year three million 
workers in agriculture in developing countries, are 
severely poisoned by pesticides of whom 18,000 die [11]. 
The development of appropriate technologies resulting 
from the appropriate use of natural resources is strongly 
desired in agriculture. One of these techniques is the use of 
disease-resistant varieties which is the main purpose of 
this study. 

 
II.  MATERIAL  

 

A. Plant Material  
The plant material is made up of seven pepper varieties 

whose characteristics are reported in Table I.  
 
Table I: Characteristics and origins of different varieties 

of pepper tested 
Variety Characteristics of fruits Origin 
Yolo 
wonder  

Fruit hypogeous wide gark 
green colour 

France (INRA, 
Avignon) 

Tiela  Small fruit epigeous dark 
green colour 

 
 
East-West 
Seed  
International 
 (Netherland) 

Tongla  Small fruit epigeous dark 
green colour 

Super Long fruit epigeous dark 
green colour 

Batur  long fruit epigeous olive 
green colour 

Nickly  Medium fruit hypogeous 
green colour 

Demon  Small fruit epigeous dark 
green colour 

 
B. Fungal used  

The pathogenic fungi used in this study is Sclerotium 
rolfsii. It has been isolated from an infected pepper plant 
on an experimental plot in Songon. This fungi produces 
mycelium whitish visible to collar plants.  
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III.  METHODS  
 

A. Verification Test of contamination of the study site 
A preliminary study has been conducted on the test plot 

to verify the presence of pathogens. The test site belongs  
to the area called agro-ecological zone 1 (AEZ I), 
gathering the humid forest regions of Ivory Coast. This 
agro-ecological zone has an average temperature of 29 ° 

C, with a very high rainfall of 1400 mm to 2500 mm 
(Table II). There, an experiment has been conducted using 
20 pepper plants aged 45 days of the variety Yolo wonder 
that have been planted randomly. After 30 days, the plants 
showed the first symptoms of sclerotinia (appearance of 
mycelium collar). Diseased plants have been collected for 
isolation of pathogens. 

 

 
B. Isolation and identification of fungus 

Samples of diseased plants were put in sterile bags. 
They have been sent to the laboratory for the isolation of 
pathogenic fungi responsible for necrosis. The samples 
were rinsed with tap water and cut into small pieces 
(explants) and sterilized with sodium hypochlorite to 10%. 
Then, the explants have been rinsed with sterile distilled 
water and towel-dried using sterile filter paper. Five 
explants have been placed in a Petri dish containing PDA 
medium and incubated at 28 ° C. Fungal colonies 
produced around the explant have been harvested for 
transplanting into new Petri dishes. The end of the 
mycelium has been takenand transferred to a new culture 
medium in sterile Petri dishes until a single coloringthallus 
fungi. Thallus fragments have been collected to be 
observed using a light microscope brand AMSCOPE 
equipped with a camera. 
C. Pathogenicity test 

To check the pathogenesis of Sclerotium rolfsii under 
cover testing (semi-controlled conditions) have been 
achieved. In fact, 25 sclerotia have been inoculated all 
around each plant, with five sclerotia per hole. The five 
holes performed around plants have a depth of 2 cm each. 
The plants have been watered throughout handling. All 
varieties have been used to conduct the test of 
pathogenicity and Yolo Wonder has been taken as a 
witness because of its high sensitivity to disease. The 
handling has been performed three times with 20 plants of 
each variety. 
D. Implementation of open field resistance tests 

Nurseries of different varieties have been made in plates 
seedlings of 72 cells. After 45 days in the nursery, 

seedlings have been planted on ridges ten meters long and 
one meter wide. Each ridge of earth has 20 plants of each 
variety. In total 420 plants at the rate of 60 plants of each 
variety have been planted. The plants were far away from 
each other of 0.50 m with line spacing of one meter. The 
observations were performed every week for three months. 
The tests have been repeated three times. The interruption 
of observations has been sanctioned by calculating the 
disease severity rate. The symptom assessment has been 
performed basing on a rating scale of symptoms proposed 
by the formula of Townsend-Heuberger [13]. This rating 
scale comprises four values from 0 to 3: 
 
0: Healthy Plant 
1: Yellowing plants 
2: Wilting plants 
3: Death or total defoliation of plants 
TS (%) = 100 [ ∑(nv)/ (NV)] 
n: degree of infection according to the scale [14] 
v: Number of plants per category 
N: Total number of tested plants 
V: The highest degree of infection. 

 
The tests have been performed three times with 20 

plants of each variety placed on two rows of 10 plants. 
The data collected during the different tests have been 
subjected to analysis of variance using Statistica 7.1 
software. 1 and 2 post ANOVA analyzes have been 
performed for the classification of different averages. The 
test of Newman - Keuls has been used at the 5% threshold. 

 
 
 

Table II: features of seven agro-ecological zones (AEZ) in Côte d’Ivoire [12] 

AEZ Characteristics 
Altitude 
(m) 

Pluviometry 
(mm) 

Average annual 
temperature in °C 
(Standard 
deviation) 

Experimental site 

I Southern dense  
rainforest area 

0-200 1400 - 2500 
(bimodal) 

29 (5.6) Songon Té 

II Western dense  
rainforest area 

~1000 
(Daloa) 

1300- 1750 23.5 (13.4)  

III Western semi-montainous forest area >1000 
(Man) 

1300- 2300 24.5 (7.7)  

IV Semi deciduous dense rainforest area 0-200 1300-1750 23.5 (13.4)  
V Transitional  

forest area  
300-600 1300-1750 

(unimodal) 
23.5 (13.4)  

VI Humid tropical  
savanna area 

300- 500 1150-1350 
(unimodal) 

26.7 (1.1)  

VII Dry tropical  
savanna area 

300-500 1150-1350 26.7 (1.1)  
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IV.  RESULTS  
 

A. Pathogenicity of Sclerotium rolfsii behavior of 
different pepper’s varieties in semi controlled 
condition 

After the inoculation of different varieties, the witness 
Yolo Wonder has been quickly attacked from the 15th 
day. The other varieties began to show the first symptoms 
of the disease from the 30th day after inoculation. The 
severity rates were calculated 60 days after inoculation of 
varieties. The values of the severity rates have allowed us 
to classify the different varieties into four categories. Yolo 
Wonder has been very sensitive with a 100% severity rate. 
As for the varieties Batur and Tongla, they were likely, 
with severity rate of the disease of 61.13 ± 0.19 % and 
52.70 ± 0.14 % respectively. Less than the first two 
varieties, three other varieties showed low severity rates 
which are 42.51 ± 0.91 % for Tiela 25.96 ± 0.38 % for 
Super and 21.68 ± 0.84% for Demon. Conversely, the 
Nickly variety did not present symptoms of sclerotinia. Its 
severity rate was zero (Figure 1). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Behavior of pepper varieties under controlled 
conditions, facing sclerotinia 

 
B. Behavior of different pepper’s varieties in the 
open field  

Seeing that the evaluation in the open field may involve 
several parameters, it has been judicious to wait for the 
manifestation of different characteristic symptoms before 
making a good assessment. Thus, the variety Nickly 
responded well to the attacks of S. rolfsii, as in the tests in 
shelters. The attack rate of this variety is 1.58 ± 0.46 %. 
The witness, Yolo Wonder, with a severity rate of 90 ± 
1.61%, has always been the most sensitive of varieties. 
The reactions of other varieties, facing the attack of S. 
rolfsii have been the same as in the in vivo studies (Figure 
2). By and large, it was found an increase of 12% of the in 
vivo disease severity rates for Super, Demon, Tiela and 
Tongla in comparison to rural manifestations which are 
respectively 34 ± 1.6 %, 38.91 ± 1.46 %, 55.3 ± 1.44 and 
64.8 ± 1.28 %. Only the severity rate of the variety Batur 
has increased by 16 %. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Severity rate of sclerotiniaonthe different 

varieties of pepper 
 

V. DISCUSSION  
 

The experiments lead in this study, took place in the 
locality of SongonTé , situated in the so-called humid 
forest zone ZAE I. This area is known for its very high 
humidity, with a rainfall of 1400 to 2500 mm per year and 
an average temperature of 29 ° C ± 5.6 [12]. However, 
ecological conditions for a good mycelial growth of 
Sclerotiumrolfsii are: a high temperature (25 -35 ° C), low 
or acidic pH (3-6) and high humidity [15]. The 
environmental conditions of this area would be the cause 
of the increase in the severity rate of the disease at least 
12% in the open field compared to controlled conditions 
for different varieties tested. Thus, the increase of this rate 
of severity of 12% of the disease, for varieties of Super, 
Demon, Tongla and more than 16 % to Batur is due to 
environmental conditions of the experimental site that are 
favorable to the Proliferation of S. rolfsii. These results 
agree with those of [16], who indicated that weather 
conditions play a very important role in infections and 
rainy seasons are favorable for a better growth of S. rolfsii 
in peanut farming. They also assert that the combination of 
these two factors is much favorable to the manifestation of 
the disease in the open field. The severity rate of the 
disease is between 1.58% and 90%, with an average of 
51.66 %. Based on the work by the same authors, any 
variety obtaining a severity rate less than 20 % is said to 
be resistant. So, the variety Nickly would be the only 
resistant with a severity rate of 1.58% obtained in our 
study. 

The resistance of plants against attacks from pathogenic 
agents depends on a plurality of factors. Many authors 
have demonstrated that there is a distinct correlation 
between the degree of resistance and the presence of 
phenols in the tissues of a plant [17]-[18]. Thus, the 
enzymes phenylalanine ammonia lyase and peroxidase are 
oxidative enzymes involved in the biosynthetic process of 
phenol associated with the infections of pathogens. The 
accumulation of enzymes such as phenylalanine ammonia 
lyase, peroxidase and polyphenol oxidase in plant tissues 
after their inoculation by S. rolfsii prevented the 
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infestation of these ones. This resistance caused by the 
presence of these enzymes in the tissues of inoculated 
plants has been demonstrated by [19] on tea plants. Thus, 
the resistance of the variety Nicklywould be due to the 
accumulation of phenylalanine ammonia lyase, peroxidase 
and polyphenol oxidase in its tissues. [20] have 
demonstrated that oxidative enzymes such as 
polyphenoloxidase and peroxidase are involved in the 
resistance of plants against pathogens. The total resistance 
of the variety Nickly and partial of the varieties 
Super,Demon and Tonglawould be due by the presence of 
oxidative enzymes in their tissues. S.rolfsii is a fungi 
which secretes oxalic acid in the host plant tissue during 
the infection process. However, oxalic acid is a toxin that 
binds calcium to prevent calcium association with pectic 
compounds in the guard cells. This link would cause a 
decrease in the pH of guard cells and as a result, would 
facilitate the activity of cellulases and 
endopolygalacturonases [21]. The Secretion of 
endopolygalacturonases would destroy polysaccharides for 
inhibiting the action of polygalacturonases. Plants produce 
a defense mechanism by which the action of pathogenic is 
specifically inhibited by a group of guard cells called 
inhibitory proteins polygacturonases [22]. These proteins 
have already been characterized in several plant species 
[23]. The resistance of different pepper varieties against S. 
rolfsii, which is one of the oxalic acid producing fungus 
would be due to the presence of inhibitory proteins of 
polygalacturonases. 

 
VI.  CONCLUSION  

 

At the end of this study, conducted in semi-controlled 
conditions and open field, it brings out that a variety of 
pepper, and especially the Nickly resists or tolerates 
sclerotinia caused by S. rolfsii. In fact, the results under 
controlled conditions and in open fields are well correlated 
for this variety which expressed severity rate of attack 
from 0 to 1.58 %. Other varieties, whose severity rates are 
variable in both studies conditions, have values beyond 20 
%. They can therefore be considered as resistant. It 
therefore brings out in this study, that only the use of 
Nickly variety can be considered in an integrated struggle 
strategy against sclerotinia. Considering the interest in the 
use of resistants varieties, you must continue screening a 
larger number of pepper varieties, integrating the 
elucidation of biochemical and genetic mechanisms 
involved in resistance, if proved. 
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