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Abstract

 Bananas are a staple food in the intertropical zone where they are grown. It is a source of income for 

its producers and contributes to the world economy. Banana cultivation is threatened by biotic and abiotic 

constraints, among the biotic constraints, black leaf streak disease is a major problem which contributes to a 

loss of yield which is over 50%. It is in this perspective of improving yield that the specific objective of this 

study is to isolate the fungus responsible for black Sigatoka and then to identify it among all the fungi 

encountered during cultivation. Overall, 49 samples were tested with 2 repetitions, then 4 different 

treatments. The T4 treatment, which consists of disinfecting the infested leaf samples with 1% bleach, 

followed by the incubation of the petridishes at 25 °C, made it possible to isolate the fungus Mycosphaerella 

fijiensis responsible for this disease. The isolate of this fungus will make it possible to carry out selection 

trials in the green house and to find adequate solutions against this disease.   
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1. Introduction 

Bananas are the fourth largest food crop in 

terms of consumption after wheat, maize and rice 

(FAO, 2009). Bananas are the main source of 

food, employment and income in most of its 

production areas (Heslop-Harrison and 

Schwarzacher, 2007). World production of sweet 

bananas and plantains was 153,160,139 tonnes in 

2017; these products are grown on an area of 11, 

160, 253 ha with a yield of 273, 127 tonnes/ha.   

 

*Corresponding author: B. P. I T. Bodjona  
E.mail: bawoumodom@gmail.com  

The Togolese production of these fruits is 

27,279 tonnes (FAO, 2019). Unfortunately, as in 

other countries of the world, bananas are 

threatened by various diseases of fungal, viral, 

bacterial origin and some pests including 

nematodes and insects (Jones, 2000; Mourichon et 

al., 2000; Odimba et al., 2013; Makiso et al., 

2015). Among these diseases, black Sigatoka of 

Banana or Black Leaf Streak Disease (BLSD) 

caused by the phytopathogenic fungus 

Mycosphaerella fijiensis, is the most destructive 

leaf disease of banana. It attacks the leaves and 

causes a reduction in the photosynthetic activity of 
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the plant; leading to lower yields. This disease 

would induce yield losses of 76 % and reduction 

in fruit quality especially during the second 

production cycle (Damme, 2008; Chillet et al., 

2009; Daniells, 2009; Fullerton and Olsen, 2010; 

Churchill, 2011; Odimba et al., 2013; Kassi et al., 

2014; Byenda, 2015; N'guessan et al., 2016). 

In Togo, it has been found that banana 

fields are infected with Mycosphaerella fijiensis, 

the symptoms of black leaf streak disease on the 

leaves are witnesses to the presence of this 

pathogen, but unfortunately no study is done to 

improve production. Togolese dessert banana and 

plantain producers, unaware of the presence of 

black Sigatoka, do not use fungicides to treat this 

disease. Nowadays chemical treatments of plants 

are prohibited in order to protect the environment 

and human health. It is in this perspective of 

improving the yield of bananas in Togo by 

proposing solutions that respect nature, that this 

study has the specific objectives of isolating 

Mycosphaerella fijiensis and then identifying this 

pathogenic agent among all the fungi encountered 

in the country, during infested leaves samples 

isolation. The aim of this work is that the isolate 

of this pathogen will allow testing of susceptible 

varieties in greenhouse to stimulate their natural 

defense against black Sigatoka using an elicitor. 

2. Materials and Methods 

Plant material 

Samples of dessert banana leaves 

(ADOKPA, FOKONA, TSIKODU, KAVEGUÊ, 

DANKODU) and plantains (AGBAVE, 
KADAGA, APIM, SAVE); infected with black 

leaf streak disease were sampled in fields not 

treated with fungicides, in the prefectures of 

Wawa, Akébou, Amou, Danyi, Kloto and Agou 

(Plateau Region) then in Agoè and Haho 

(Maritime Region). A total of 49 samples were 

analyzed at the Cultures and Biosecurity Defense 

Laboratory of the Togolese Agronomic Research 

Institute (ITRA). 

Methods  

For the isolation tests repeated two times, 

four treatments were applied to the samples and 

which are 

• Treatment1 (T1): Samples of leaves of 

dessert bananas and plantains infected and 

showing symptoms of black streak disease 

(BLSD) stages 1 to 6 (Craenen, 1998), are 

taken and stored in plastic packaging and 

analyzed at from the second week after 

sampling. The samples were cultured 

according to the modified method of 

Barros and Sanchez (1979) as follows: 

“the infected leaves are cut into small 

pieces (10mmx10mm) then disinfected 

with sodium hypochlorite (3.6 Ca) at 1% 

for 5 mn. These samples are then washed 

in 95 ° alcohol for 1 minute to remove 

excess bleach. They are then placed in 

sterile distilled water. Five sample 

fragments are placed on Potato Dextrose 

Agar (PDA) contained in each petridish. 

Petri dishes sealed with Parafilm are 

incubated at 30°C ± 5 in the Binder 

"brand incubator. 

• Treatment 2 (T2): Samples of leaves of 

dessert bananas and plantains infected and 

showing symptoms of black streak disease 

(BLSD) stages 1 to 6, are taken and dried 

at room temperature in the Laboratory for 

48 hours. The culture of the samples and 

the isolation of the fungi are then done 

according to Odimba et al. (2013). 

• Treatment 3 (T3): It is the culture in a 

humid chamber (CCH) according to the 

method modified from Awoe in 2016 as 

follows: "a U-shaped glass rod was placed 

in the bottom of a 9cm petridish of 

diameter. On this easel, a sterile slide has 

been placed, on which a small square of 

PDA agar about 5mm thick is attached. 

All 4 sides of the PDA were inoculated 

with black streaks excised from leaves 

samples infected with black leaf streak 

disease of banana and collected on the 

same day. These samples having been 

previously disinfected according to the 

modified protocol of Barros and Sanchez 

(1979). The whole was covered with a 

sterile coverslip and then a little sterile 

distilled water was poured into the bottom 

of the petri dish, and the dish was sealed 
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with parafilm and placed in the dark in the 

Binder brand incubator at 30°C ± 5 

(Figure 1). The coverslip is observed 

under a microscope from the fourth day to 

examine the intact fruiting organs of the 

pathogen. Fungi that have grown are 

isolated for later identification. 

 

Figure 1: Humid chamber culture (CCH) of black streaks 

• Treatment 4 (T4): Samples of fresh leaves 

infected with stage 2 to 3 are taken and 

handled directly on the same day (or 

stored in paper envelopes at room 

temperature in the laboratory for 

subsequent handling) according to the 

method of Viljoen et al. 2016 (Figure 2). 

The samples contained in the petri dishes 

are incubated in the growth room at 25°C 

± 2. 

 

Figure 2: A - Samples of fresh stage 2-3 leaves, disinfected just after sampling, B- Incubation of the 

excised streaks on PDA in the growth room 

The fungi that have grown are isolated and then 

identified using identification keys (Watanabe, 

1937 ; Champion, 1997) by macroscopic 

observation of the petri dishes and microscopic 

observation of the spores and mycelium under a 

Motic 2.0 brand microscope. 

 

3. Results and Discussion 

Analyzes of 49 dessert and plantain 

bananas (Musa spp.) leaves samples revealed that 

the fungus Mycosphaerella fijiensis can be 100 % 

isolated with treatment 4 (T4). The T1, T2 and T3 

treatments failed to isolate the fungus responsible 

for Black Leaf Streaks Disease (BLSD). 
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The fungus responsible for black leaf 

streaks disease is Mycosphaerella fijiensis 

(Figure 3). Macroscopic observation of this 

fungus in Togo shows a single strain 

characterized by a black color of the mycelium on 

the upper face of the petridish at the start of 

culture which gradually turns in places to a 

grayish color. Its growth rate is very low, it has a 

diameter less than or equal to 1.4 ± 0.24 cm both 

on the PDA and on the V8 medium at 5 days after 

the culture and it remains unchanged until the 

aging of the culture beyond of 1 month. The 

underside of this fungus is black on both media 

(PDA and V8). This mushroom has no odor. To 

have enough mycelium to harvest for greenhouse 

inoculation tests, it is advisable to do a streak 

culture so that it can cover the entire seeded petri 

dish. Microscopic observation of the fungus 

Mycosphaerella fijiensis after 5 days of culture 

on V8 medium indicates conidia which are 

elongated structures with blisters (Figure 4). 

With these 4 treatments, apart from the 

Genus Mycosphaerella sought in this study, 

thirteen (13) genera were identified on dessert 

bananas and plantains in Togo, of which the most 

represented are Fusarium (16.33 %); Penicillium 

(14.29 %); Aspergillus (12.24 %) (Figure - 5) and 

Phoma (10.20 %). The other genera found and 

the least represented are the genera Acremonium 

and Alternaria at 8.16 % each one; the genus 

Oidiodendron at 6.12%; the genera 

Monosporium, Scopulariopsis and Exophiala at 

4.08 % each one; the genera Phytium, 

Verticillium and Mucor at 2.04 % each one. 

 

 

 

 

Figure 3: Macroscopic observation A- Mycosphaerella fijiensis on V8 medium 5 days after isolation; 

diameter d = 1.4 cm (Upper face); B - Black underside on V8, 5 days after isolation of Mycosphaerella 

fijiensis; C- Streak culture of Mycosphaerella fijiensis on PDA, 1 month after inoculation
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Figure 4: Observation under the Motic 2.0 microscope (x40) of Mycosphaerella fijiensis,                          

A - Conidia on V8, B- Conidia and mycelium on PDA 

 

Figure 5: The three genera of fungi most represented in dessert bananas and plantains apart from 

Mycosphaerella fijiensis sought during isolation and identification are: A - Fusarium (16.33 %); B -

Penicillium (14.29 %); C - Aspergillus (12.24 %) 
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If the T1, T2 and T3 treatments did not 

make it possible to isolate Mycosphaerella 

fijiensis, this can be explained by the fact that the 

sampling of the infected leaves was not rigorous 

on the stages to be sampled, the conditions of 

storage (plastic packaging), storage time (2 

weeks), and incubation temperature 30°C ± 5 are 

not favorable for the isolation of this fungus. To 

isolate the phytopathogenic fungus from black 

leaf streak disease, samples of infested leaves 

must be handled immediately after sampling or 

stored in paper packaging (here paper envelope) 

at room temperature in the Laboratory. Black 

Sigatoka stages 2-3 leaves, should be removed 

for isolation, further cultivation should be done in 

the growth room at a strict temperature of 25°C. 

To isolate this fungus Dieumerci et al. 

(2019) kept the leaf samples showing symptoms 

of Mycosphaerella fijiensis in a journal for 

isolation and identification. These authors were 

able to isolate this fungus with the T2 treatment 

method that is used in this experiment with the 

only difference that the samples were dried for 48 

hours in the open air at laboratory temperature 

while they kept their samples in papers protected 

from the air. If this fungus is not isolate with the 

T2 treatment, it would be related to the fact of air 

drying the samples for 2 days before handling. 

The colors of the mycelium of their strains 

(White-pinkish, Greenish, White-greenish) are 

different to that was obtained with the T4 

treatment; but looking at the underside of the 

petri dishes of this study and their petri dishes, 

the similar blackish color is characteristic of 

populations of Mycosphaerella fijiensis. 

Conde-Ferraez et al. (2008) were able to 

isolate this fungus with two methods different 

from this experiment, they were able to isolate 

this fungus at 20 °C with the first method and at 

26 °C with the second method. The results of 

these authors are similar to this study in that the 

temperature around 25 °C allows the isolation of 

Mycosphaerella fijiensis. The method of isolation 

of this fungus by Essis et al. (2010), consisted of 

incubating the petri dishes containing the 

fragments of diseased leaves under the 

laboratory's ambient temperature conditions. 

These results are similar to this study results with 

the T4 treatment at the incubation temperature 

which is around 25°C which is favorable for the 

cultivation of Mycosphaerella fijiensis. 

4. Conclusion 

This study made it possible for the first 

time in Togo to isolate and characterize the 

fungus Mycosphaerella fijiensis, which is 

responsible for the symptoms of black leaf streak 

disease, observed on the leaves of banana trees in 

fields among producers. This research has 

contributed to understanding the techniques for 

sampling and conditioning infested leaves, the 

appropriate stages of diseased leaves to be 

collected, the culture conditions in the 

Laboratory, as well as the behavior of this fungus 

in a petri dish and under a light microscope. In 

order to successfully isolate this fungus, it is 

necessary to adopt the T4 treatment of this 

experiment, which consists in taking the infested 

leaves of stages 2 - 3, then packaging them in 

paper packaging to take them to the Laboratory 

and keep them at temperature ambient. Fragments 

of infested leaves, grown on PDA after 

sterilization, should be incubated at 25 °C in the 

growth room. The fungus Mycosphaerella 

fijiensis has a very slow growth rate whether on 

PDA medium or on V8, its color is black at the 

start of the culture, but it turns grayish when the 

culture gets old. The isolate of this fungus will 

make it possible to find means of controlling 

black Sigatoka in bananas, by proposing solutions 

that respect the environment and human health. 
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