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Abstract 
Despite the nutritional, economic and medicinal values of banana plant, in-
dependent of the region and production system is confronted with some dis-
eases such as the fungi disease. These fungal diseases are responsible for the 
low yields. The objective of this study was to improve the sanitary state of 
banana plant. To achieve this objective, fungi associated with banana leaves 
were isolated on Potato Dextrose Agar (PDA) culture medium and their identi-
fication was done on the basis of morphological and microscopic characteris-
tics using reference documents. Antifungal activity of Allium ampeloprasum 
and Cymbopogon citratus extracts were evaluated in vitro on agar medium 
on the development of Pseudocercospora fijiensis, P. musicola and Pestalop-
sis sp. The results showed that banana plant harbours a diversity of fungal 
species, the most frequent being P. fijiensis (51.58%), Pestalopsis sp. (15.47%) 
and P. musicola (12.03%). Aqueous extracts of C. citratus at the concentra-
tion of 15 mg/ml, inhibited 100% of the radial growth of P. fijiensis and Pes-
talopsis sp with a fungitoxic activity. Similarly, ethanolic extract A. ampelo-
prasum inhibited at 100% the radial growth of Pestalopsis sp. This antifungal 
activity was fungistatic. These results suggest that the aqueous and ethanol 
extracts of the tested plants could be used as alternatives to chemical products 
in the fight against banana diseases especially Sigatoka. Hence further studies 
need to be undertaken to isolate the active compounds from these extracts 
with fungicidal potential. 
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1. Introduction 

Banana plant (Musa acuminata) is a perennial herbaceous plant of the family of 
Musaceae, originated from South-East Asia specifically in the region of the Ma-
lasia Peninsula, Indonesia, the Philippines and New Guinea [1], which are large-
ly cultivated in many tropical and subtropical regions for their fruit rich in car-
bohydrates, mineral salts (potassium, zinc, magnesium), vitamins such as B6, A, 
C, K [2]. It is therefore the most traded fresh fruit in the world and the banana 
sector also serves as an essential source of employment and is cultivated in over 
120 countries on about 10 million hectares particularly in the tropical and sub-
tropical regions in the world for its nutritional, economic and medicinal values 
[3]. Banana is the world’s most important fruit crop in terms of production vo-
lume and trade. The global production in 2020 was estimated at 117 million 
tons. India is the highest producer with a production of 30.5 million tons and 
Cameroon on the 20th position globally and number 6 in Africa with a produc-
tion volume of 1.2 million tons [4]. 

Bananas are essential to food security and livelihoods of about 400 million 
people in the world [5]. Banana cultivation is a source of income for producing 
countries. Bananas produced in Cameroon are sold in local and international 
(CEMAC and EU) markets. In 2020, Cameroonian banana exports generated 
136 billion CFA francs [6]. Despite the socio-economic importance of banana, 
their cultivation is still confronted with several abiotic and biotic constraints. 
Among the biotic constraints, diseases of fungal origin cause the most serious 
damages. The fungal diseases of the banana plants are responsible for yield losses 
and low productivity of bananas [1]. Fungal diseases such as sigatoka are of two 
types: black and yellow. Pseudocercospora fijiensis formally called Mycosphae-
rella fijiensis responsible for black sigatoka [7] and P. musicola or M. musicola 
which is responsible for yellow sigatoka [8]. These diseases are responsible for 
yield losses estimated at about 80% [9]. Panama disease occurs in almost all 
production areas. It is caused by a soil and root fungus Fusarium oxysporum, 
which causes the plant to suffocate and become unable to take up nutrients and 
water from the soil [10]. 

Confronted with these diseases, management is often done through the usage 
of chemical fungicides. Nonetheless, not only is there a continuous increase in 
the cost of these chemical fungicides, they induce a certain number of problems 
like environmental pollution, development of resistance by the fungi and the 
presence of chemical residues in the fruits which are potentially detrimental to 
the health of the consumers and workers [11]. Hence, it is important to develop 
other alternative methods of control other than the use of chemical fungicides. 
Among these alternative methods, the control method through the usage of nat-
ural products is the most recommended. The utilization of natural products, es-
pecially plant extracts, has been shown to be effective against many plant patho-
gens and considered to be safe for consumers and the environment [11]. The 
works of [12] are reported that aqueous and ethanol extracts of Cymbopogon ci-
tratus inhibit the development of Colletotrichum kahawae, causal agent of anth-
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racnose berry coffee. Extract of Allium ampeloprasum possess antifungal poten-
tial against Aspergillus niger, Penicillium italicum, Botrytis cinerea, and Tricho-
derma harzianum [13]. The aim of this study is to ameliorate banana production 
through the control of banana plant diseases by the use of plant extracts. 

2. Materials and Methods 
2.1. Collection of Samples 

Symptomise leaves of banana plant were collected from the BOH Plantation Li-
mited in Tiko subdivision of the South-West Region of Cameroon. Samples were 
put in appropriate bags, labelled and transported to the Research Unit of Phyto-
pathology and Agricultural Zoology of the Faculty of Agronomy and Agricultur-
al Sciences of the University of Dschang for fungi isolation. 

2.2. Isolation of Fungi Associated with Banana Leaves 

The symptomized leaves collected from the field were washed thoroughly in tap 
water and cut into small fragments of about 2 mm2. These fragments were then 
disinfected in a sodium hypochlorite solution at 2% for 2 minutes and rinsed 
three times with sterile distilled water. The fragments were plated in Petri dishes 
containing 20 ml of Potato Dextrose Agar (PDA) medium amended with chlo-
ramphenicol (1 g/l) to prevent bacterial contamination and incubated at 24˚C ± 
2˚C [14]. 

After 2 to 3 days of incubation, the growing mycelium was sub-cultured on 
fresh PDA medium until pure cultures were obtained and maintained in the re-
frigerator at 4˚C. Morphological identification of fungal isolates was carried out 
based on the cultural characteristics and with the help of identification key of 
mycology [15]. 

Frequency occurrence of isolation of each fungus was calculated using the 
following formula:  

100NFF
NT

= ×  

where F represent the frequency of occurrence (%) of a fungus, NT is the total 
number of all fungi isolated and NF is the specific number of fungus isolated. 

2.3. Preparation of Plant Extracts  

Fresh leaves of Cymbopogon citratus and Allium ampeloprasum were collected 
in Dschang locality. These leaves were disinfected separately with a sodium hy-
pochlorite solution at 2%, rinsed with sterile distilled water to remove any impur-
ities, chopped into small fragments using a sterilized knife and dried in darkness 
for one week. When fully dried, the samples were grinded to powder using an 
electric grinding machine (trade of machine). Thereafter, using cold solvent ex-
traction method [12], 100 g of each processed samples of A. ampeloprasum and 
C. citratus were macerated in 500 ml of each solvent (sterile distilled water and 
ethanol) in a bottle for 48 hours at room temperature. After 48 hours, the mixture 
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was filtered using cheese cloth followed by Whatmann filter paper N˚. 1. 
The different filtrates (aqueous and ethanol) of the two plants were poured 

into sterilized stainless steel trays (plates) and dried in an electric oven at tem-
peratures of 40˚C. The plant extracts were transferred into labeled sterile bottles 
and stored at 4˚C in a refrigerator pending utilization for the antifungal activity 
tests [16]. 

2.4. In Vitro Evaluation of Antifungal Activities of Plant Extracts 
on the Growth of Different Fungi 

Three fungi; Pseudocercospora fijiensis, Pseudocercospora musicola and Pesta-
losis sp. were selected for this test. The choice of these three fungi was related to 
high frequencies during the inventory of fungi associated with banana leaves. 
The evaluation of the inhibition of radial growth of the different fungi was done 
using the agar dilution method on Potato Dextrose Agar medium. The ethanol 
extracts were dissolved in Dimethyl Sulphoxide (DMSO). The effect of DMSO 
was pre-tested to ensure it zero influence on the growth of the selected fungi 
[12]. For both extracts the concentrations used were 5, 10 and 15 mg/ml. 1 ml of 
each extracts at different concentrations were incorporated into 19 ml of PDA 
and poured into sterilised Petri dishes of 90 mm diameter and allowed to solidify 
in a fume hood which was lighted by flame from a Bunsen burner.  

After solidification, mycelia discs (5 mm) of 10-days old growing in pure cul-
tures of each fungus were transferred to the Petri dishes with the help of a cork 
borer of 5 mm in diameter [11]. PDA plates mixed with fungicide (Dithane) at 
the recommended dosage of the producer (1 mg/ml) served as the positive con-
trol while distilled water served as the negative control. The Petri dishes were 
incubated at 24˚C ± 2˚C until there was a 100% growth of negative control. This 
test for In vitro evaluation of plant extracts was done in a complete randomized 
design with 3 replicates and the following parameters were evaluated: 
 Percentage of inhibition 

The effectiveness of the extract was recorded in terms of percentage inhibition 
(PI), which was calculated according to the following formula: 

( )
100

DT D
PI

DT
−

= ×  

where DT is the growth diameter of the negative control Petri dish and D is the 
growth diameter of the supplementary Petri dish of plant extracts. The EC50 and 
EC90 were obtained by transforming percentage inhibitions in probity. 
 Nature of toxicity of plant extracts 

The evaluation of the toxicity of plant extracts consisted of seeing if the myce-
lia growth, where complete inhibition was observed, was accompanied by a fun-
gistatic or fungitoxic activity. In this case, the explants of the mycelium where 
complete inhibition was observed on the supplementary PDA medium on plant 
extracts were retaken and placed aseptically on a none fungicide or plant extract 
containing PDA medium in a sterilized hood lighted by a Bunsen flame. After 10 
days of re-incubation, at a temperature of 24˚C ± 2˚C, the activity of plant ex-
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tracts was considered as fungistatic if there was mycelia regrowth of the fungal 
pathogen and fungitoxic if there was no mycelia growth of the pathogen. 

2.5. Statistical Analysis of Data 

Data collected on the percentage inhibition, EC50 and EC90 were subjected to the 
analysis of variance (ANOVA) using SPSS software version 22.0 and the mean val-
ues were separated using Duncan Multiple Range Test (DMRT) at 5% probability. 

3. Results  
3.1. Frequency of Occurrence of Different Fungi Associated with  

Banana Leaves 

Nine fungal species identified were associated with banana leaves (Figure 1). 
Amomg these species, the most frequent fungus was Pseudocercospora fijiensis 
with an isolation frequency of 51.58%. This was followed by Pestalopsis sp. and 
Pseudoscercospora musicola with isolation frequencies of 15.47% and 12.03% 
respectively. The least common fungal species were Verticillium theobromae, 
Deightoniella torulosa and Trichoderma harzianum with isolation frequencies of 
0.29%, 1.72% and 2.29% respectively. 

The morphological and microscopic aspects varied with respect to the differ-
ent fungi (Figure 2). Pseudocercospora musicola showed faint pink coloured 
mycelia which became faint purple as it grew to a 10 days old pure culture. P. fi-
jiensis showed whitish mycelia which became darkish as it grew to a 10 days old 
pure culture. Both species under the light microscope, showed elongated con-
idiophores which are greyish with septate hyphae. Fusarium oxysporium was 
characterised by abundant aerial mycelium which were whitish and hyaline in 
colour. Microscopically, macro and micro conidia were observed with macro 
conidia slightly curved with tapering ends. Trichoderma harzianum, showed 
numerous mycelia that were initially whitish which later as the conidia grows, 
formed scattered blue-green, dark green to yellow green patches. Microscopical-
ly, its conidiophores are numerous, branched, ovoid in shape and occurred in 
clusters. Verticillium theobromae showed cream white mycelia with smooth and 
septate hyphae conidiophores under the microscope with some ramified, some 
simple and straight. 

3.2. Effects of Plants Extract on the Growth of Fungi 
3.2.1. Effect of Aqueous Extracts on the Percentage of Inhibition 
Table 1 shows the effect of aqueous extracts of Cymbopogon citratus and Allium 
ampeloprasum on the percentage inhibition of radial growth of Pseudocercos-
pora fijiensis, Pseudocercospora musicola and Pestalosis sp. The different plant 
extracts inhibited the growth of each of the fungal species to varying degrees 
with respect to the plant, type of extract and applied concentration. Petri dishes 
enriched with C. citratus extracts at concentrations of 5 mg/ml and 10 mg/ml 
showed significantly higher percentages of inhibition of radial growth of P. fi-
jiensis, P. musicola and Pestalosis sp. than those enriched with A. ameloprasum 
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extract at the same concentrations of 5 mg/ml and 10 mg/ml respectively. At 15 
mg/ml, C. citratus extract showed a 100% inhibition on the radial growth of 
Pestalopsis sp. and P. fijiensis. These percentages of inhibitions were significant-
ly identical (P < 0.05) to the positive control. However, the Petri dishes that 
contained only PDA media and the inoculum (negative control) had a 0% inhi-
bition for all the pathogens.  

 

 
Figure 1. Isolation frequency (%) of fungi associated with banana leaves. 

 

 

Figure 2. 10 days old of pure culture and microscopic morphology charac-
ter of some fungi associated with Musa acuminata leaves. (a) and (b): Cla-
dosporium sp., (c) and (d): Deightoniella torulosa, (e) and (f): Fusarium 
oxysporium, (g) and (h): Pestalopsis sp., (i) and (j): Pseudocercospora fi-
jiensis, (k) and (l): P. musicola, (m) and (n): Rhizoctonia solani, (o) and 
(p): Trichoderma harzianum, (q) and (r): Verticillium theobromae. 
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Table 1. Effect of aqueous extract on percentage inhibition (%). 

Concentrations 
Pseudocercospora  

fijiensis 
Pseudocercospora  

musicola 
Pestalopsis sp 

Cymbopogon citratus 

T- (0 mg/ml) 0.00 ± 0.00d* 0.00 ± 0.00e 0.00 ± 0.00d 

5 mg/ml 88.82 ± 1.56c 77.84 ± 1.22d 87.06 ± 1.56c 

10 mg/ml 94.71 ± 2.56b 83.92 ± 1.2c 90.00 ± 2.56b 

15 mg/ml 100.00 ± 0.00a* 93.14 ± 2.07b 100.00 ± 0.00a 

T+ (1 mg/ml) 100.00 ± 0.00a 100.00 ± 0.00a* 99.61 ± 0.68a 

Allium ampeloprasum 

T- (0 mg/ml) 0.00 ± 0.00d 0.00 ± 0.00e 0.00 ± 0.00d 

5 mg/ml 60.39 ± 6.01c 77.25 ± 1.48d 71.57 ± 4.49c 

10 mg/ml 71.96 ± 1.2b 81.96 ± 1.48c 83.53 ± 3.11b 

15 mg/ml 76.67 ± 1.22b 95.29 ± 1.18b 98.04 ± 0.34a 

T+ (1 mg/ml) 100.00 ± 0.00a 100.00 ± 0.00a 99.61 ± 0.68a 

*Means affected by the same letter in the same column are not significantly different ac-
cording to the Duncan test at 5%. T- = negative control (distilled water) and T+ = posi-
tive control (Dithane). 

3.2.2. Effect of Ethanol Extracts on the Percentage of Inhibition of Fungal  
Pathogens  

The antifungal activity of ethanol extracts of Cymbopogon citratus and Allium 
ampeloprasum on the percentage inhibition of the growth of Pseudocercospora 
fijiensis, Pseudocercospora musicola and Pestalopsis sp as presented in Table 2, 
showed that the degree of inhibition of growth of each pathogen was strictly de-
pendent on the plant type, concentration of the extract and the pathogen in ques-
tion. The Petri dishes enriched with A. ampeloprasum extracts at concentrations 5 
mg/ml, 10 mg/ml and 15 mg/ml showed a higher percentage of inhibition more 
than Petri dishes enriched with C. citratus at the same concentrations. A. ampe-
loprasum completely inhibited the growth of Pestalopsis sp. at 15 mg/ml. Hence 
the positive control showed a 100% inhibition on P. fijiensis and P. musicola and 
a 99.61% inhibition on Pestalopsis sp. 

3.3. EC50 and EC90 Values of Aqueous and Ethanol Extracts 
3.3.1. EC50 and EC90 Values of Ethanol Extracts 
EC50 and EC90 varied depending on the plant or the fungal species (Table 3 
shows). The extract of Cymbopogon citratus shows higher values of Equivalent 
Concentrations (EC) of 50 and 90 compared to the extract of A. ampeloprasum 
which showed the lowest values of EC50 and EC90. At EC50 and EC90, C. citratus had 
a significantly higher value on the growth of Pseudocercospora fijiensis (12.44 
mg/ml and 17.24 mg/ml respectively) compared to Pseudocercospora musicola 
and Pestalopsis sp. A. ampeloprasum showed that EC50 was not significantly dif-
ferent on the growth of Pseudocercospora fijiensis (2.77 mg/ml) and P. musicola 
(2.71 mg/ml). 
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Table 2. Effect of ethanol extract on percentage inhibition (%). 

Concentration 
Pseudocercospora  

fijiensis 
Pseudocercospora  

musicola 
Pestalopsis sp 

Cymbopogon citratus 

T- (0 mg/ml) 0.00 ± 0.00e* 0.00 ± 0.00d 0.00 ± 0.00d 

5 mg/ml 11.76 ± 1.18d 74.90 ± 2.96c 68.43 ± 4.26c 

10 mg/ml 48.63 ± 8.01c 88.04 ± 4.00b 76.47 ± 3.11b 

15 mg/ml 66.27 ± 8.26b 90.59 ± 2.34b 97.45 ± 1.89a 

T+ (1 mg/ml) 100.00 ± 0.00a 100.00 ± 0.00a 99.61 ± 0.68a 

Allium ampeloprasum 

T- (0 mg/ml) 0.00 ± 0.00d 0.00 ± 0.00e 0.00 ± 0.00d 

5 mg/ml 83.14 ± 6.56c 84.12 ± 2.56d 95.1 ± 1.36c 

10 mg/ml 
15 mg/ml 

T+ (1 mg/ml) 

89.61 ± 3.34b 
98.43 ± 2.72a 
100.00 ± 0.00a 

90.59 ± 1.18c 
96.86 ± 1.2b 

100.00 ± 0.00a 

97.65 ± 1.02b 
100.00 ± 0.00a 
99.610 ± 0.68a 

*Means affected by the same letter in the same column are not significantly different ac-
cording to the Duncan test at 5%. T- = negative control (distilled water) and T+ = posi-
tive control (Dithane). 

 
Table 3. EC50 and EC90 values (mg/ml) of ethanol extract of tested plants. 

Fungi EC50 EC90 

Cymbopogon citratus 

Pseudocercospora fijiensis 12.44 ± 1.13a* 17.24 ± 0.43a 

Pseudocercospora musicola 3.17 ± 0.22c 14.95 ± 0.06b 

Pestalopsis sp 3.95 ± 0.09b 12.62 ± 0.33c 

Allium ampeloprasum 

Pseudocercospora fijiensis 2.77 ± 0.28a* 11.17 ± 0.17a 

Pseudocercospora musicola 2.71 ± 0.08a 9.95 ± 0.29b 

Pestalopsis sp 1.64 ± 0.23b 4.55 ± 0.1c 

*Means affected by the same letter in the same column are not significantly different ac-
cording to the Duncan test at 5%. 

3.3.2. EC50 and EC90 Values of Aqueous Extracts 
The EC50 and EC90 values depended on the plant used and the fungus (Table 4). 
Cymbopogon citratus at EC50 shows no significant difference between the pa-
thogens with EC50 values ranging from 2.09 to 2.53 mg/ml. With Pseudocercos-
pora musicola, the higher value of EC90 obtained was 12.99 mg/ml. This value 
was significantly higher than the values of EC90 obtained on the growth of P. fi-
jiensis (8.71 mg/ml) and Pestalopsis sp. (8.52 mg/ml). Allium ampeloprasum, on 
the growth of P. fijiensis, shows an EC50 (3.91 mg/ml) and EC90 (16.81 mg/ml) 
significantly higher (P < 0.05) than the values obtained with the growth of P. 
musicola and Pestalopsis sp. 
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Table 4. EC50 and EC90 values (in mg/ml) of aqueous extracts. 

Fungi EC50 EC90 

Cymbopogon citratus 

Pseudocercospora fijiensis 2.53 ± 0.47a* 8.71 ± 0.27b 

Pseudocercospora musicola 2.53 ± 0.12a 12.99 ± 0.35a 

Pestalopsis sp. 2.09 ± 0.11a 8.52 ± 0.49b 

Allium ampeloprasum 

Pseudocercospora fijiensis 3.91 ± 0.20a 16.81 ± 0.18a 

Pseudocercospora musicola 2.69 ± 0.14c 13.70 ± 0.29b 

Pestalopsis sp. 3.51 ± 0.09b 13.35 ± 0.71b* 

*Means affected by the same letter in the same column are not significantly different ac-
cording to the Duncan test at 5%. 

3.4. Fungistatic and Fungitoxicity Activities of Plant Extracts 

The nature of activities of the plant extracts depended on the plant and the fun-
gus (Table 5). The aqueous extract of C. citratus showed a fongitoxic effect at 15 
mg/ml on the growth of Pseudocercospora fijiensis and Pestalopsis. Meanwhile 
the ethanol extract of A. ampeloprasum had a fungistatic effect on the develop-
ment of Pestalopsis sp. at 15 mg/ml. 

4. Discussion 
4.1. Inventory of the Different Fungi Associated with Banana Leaf 

This study identified 9 fungal species associated with Musa acuminata leaves 
such as Pseudocercospora fijiensis, P. musicola, Fusarium oxysporum, Pestalop-
sis sp., Cladosporium sp., Rhizoctonia solani. The presence of this diversity of 
fungi could be due to the fact that Musa acuminata leaves constitute an impor-
tant source of carbohydrate for these fungi. Species like P. fijiensis (51.58%), P. 
musicola (12.03%), and Pestalosis sp. (15.47%) had the highest frequency com-
pared to the other fungal species isolated. These three species are generally re-
ported to cause significant damage to the leaves, pseudostems, fruits and of 
course to the entire banana plant. These results are similar to those of [7], who 
reported that Pseudocercospora fijiensis is a very formidable species for a wide 
range of hosts, attacking the foliage, stems and fruits of its hosts. Cladosporium 
sp., R. solani, D. torulosa, T. harzianum and V. dahlia were relatively less im-
portant with respect to their low isolation frequencies. These fungi are however 
harmful to the banana plant and have also been reported as pathogenic in some 
fruits including mango, apple, citrus and grape in other parts in the tropics [9] 
[17]. Several reports showed the implication of the genus Pseudocercospora and 
Fusarium as being responsible for the major economic losses in the production 
of banana [18]. The origin of banana plant infection especially on the leaves by 
fungi is difficult to determine as it is difficult to predict the potential spread of 
the pathogens to and from neighboring areas. These results are also similar to  
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Table 5. Nature of toxicity of plant extracts on the growth of the different fungi at 15 
mg/ml. 

  
Pseudocercospora 

fijiensis 
Pseudocercospora 

musicola 
Pestalopsis 

sp. 

Aqueous  
extracts 

Cymbopogon citratus F* / F 

Allium ampeloprasum / / / 

Ethanol  
extract 

Cymbopogon citratus / / / 

Allium ampeloprasum / / f 

*F: fungitoxic, f: fungistatic and /: none 100% of inhibition on the radial growth of fun-
gus. 

 
those reported by [19], on isolation and pathogenicity evaluation of postharvest 
fungal of some fruits in Cameroon. 

4.2. Effect of Plant Extracts on the Radial Growth Fungal  
Pathogens 

In this study, we investigated the antifungal activities of Cymbopogon citratus 
and Allium ampeloprasum extracts against Pseudocercospora fijiensis, P. musi-
cola, and Pestalopsis sp. Our results demonstrated that C. citratus and A. ampe-
loprasum extract at all tested concentrations had greater overall depressive effect 
on the radial growth of these three fungi strains than the negative control. The 
plants used could have contained inhibiting compounds or substances that could 
have influenced the growth of the fungal species tested. Indeed, the work of [20] 
have shown, some plants contain compounds with antifungal properties (alka-
loids, sterols, terpenoids, flavonoids, anthraquinone phenols, saponins or tan-
nins), hence their use sometimes in traditional medicine. These results are also 
similar to those of [21] who showed that Moringa oleifera L. seed extract had an-
tifungal activities against fungi associated with banana plant which included; 
Fusarium oxysporum, F. solani, Alternaria solani A. alternate, Rhizoctonia sola-
ni, Sclerotium rolfsii and Macrophomina phaseolina. 

Radial growth of the fungi species tested was influenced by the concentration 
applied as well as by the type of extract. The radial growth of the different test 
pathogens decreased with increasing concentrations, which may suggest that 
high concentration of extracts is more fungicidal than low concentrations Simi-
lar results of the antifungal activity of some plant extracts against post-harvest 
fungi in avocado fruit have already been reported by [22]. Different radial 
growths were observed at the same concentrations. These differences in the ac-
tivity of plant extracts towards these fungi could be attributed to their active in-
gredients. On the other hand, according to [23], it should be mentioned that the 
antifungal activity of plant extracts is often very much linked to simultaneous 
actions of their constituents.  

The results obtained with Cynbopogon citratus extracts were in accordance 
with those obtained by [12] [24] who showed that these extracts had antifungal 
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activities on the development of Colletotrichum kahawae responsible for anth-
racnose of coffee berry and Colletotrichum musae and Aspergillus niger respon-
sible for banana fruit rot respectively. Similarly, those obtained with Allium am-
peloprasum extract are similar to the results obtained by [25] who showed that 
the A. sativum and A. ampeloprasum extracts inhibited the development of Al-
ternaria triticina, causal agent of leaf blight in wheat and Magnaporthe oryzae, 
causal agent of blast disease in rice. 

The EC50 and EC90 values were heterogeneous. Ethanol extracts were signifi-
cantly more effective than aqueous extracts. The difference in efficacy between 
ethanol extracts and aqueous extracts from the tested plants could be due to the 
fact that ethanol may have extracted compounds with more effective antifungal 
properties than distill water that may have extracted the majority of compounds 
with less effective antifungal properties. This hypothesis is similar to the hypo-
thesis of [26] [27] who reported that organic solvent extraction is more effective 
on antimicrobial activity than water.  

Explants on Petri dishes with 100% inhibition were transplanted onto ex-
tract-free PDA medium to demonstrate fungistatic or fungitoxic activity. The 
fungistatic activity observed with Allium ampeloprasum extracts are similar to 
that reported by [11] who showed that Erigeron floribundus and Euphorbia hir-
ta extracts had fungistatic activity on the fungi associated with avocado. In addi-
tion, the results are also similar to those of [28], reported that Cupressus lusita-
nica extracts had fungistatic activity on the growth of Phytophtora colocasiae, 
the agent responsible for taro blight. The fungitoxicity of Cymbopogon citratus 
extract on the growth of the pathogens was in accordance with that of [25], who 
showed the fungitoxicity activity of these extracts on the development of Alter-
naria triticina, causal agent of leaf blight in wheat. 

5. Conclusion 

This study revealed that Musa acuminata leaves are affected by a diverse range of 
fungi of which the most common are those belonging to the genus Pseudocer-
cospora and Pestalopsis sp. The extracts of A. ampeloprasum and C. citratus can 
be used for the control of these fungi. Hence, it can be inferred from the results 
obtained in this study that both ethanol and aqueous extracts of C. citratus and 
A. ampeloprasum plants could be developed as natural fungicides in the control 
of fungi that affects banana plant. 
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