
 

 

ABSTRACT 

Despite the harmful impact of climate change on agriculture in Côte d'Ivoire, the 

department of Divo accounts for 18% of the country's plantain production, a resilience that 

could be explained by the biological activity of filamentous fungi in the rhizosphere. This study 

was conducted to identify thermotolerant filamentous fungi associated with banana trees in this 

southwestern region. To do this, rhizosphere soil samples were taken from four banana 

plantations, followed by microbiological analyses to isolate the fungi. A selection was then 

made to identify isolates capable of withstanding a temperature of 55°C, thus confirming their 

thermotolerant nature. The results revealed fungal diversity comprising the genera Aspergillus, 

Absidia, Paecilomyces, Penicillium, Scedosporium, Mucor, Trichoderma, Beauveria, and 

Alternaria. With the exception of Alternaria, all of these genera presented isolates with 

thermoresistance. The presence of these microorganisms in plantations is a major agronomic 

asset, as they not only decompose organic matter, thereby promoting plant mineral nutrition, 

but also play a role in biological protection against pathogens, thus enhancing the productivity 

of banana trees in the face of environmental stresses. 
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Thermophilic profile of filamentous fungi in the rhizosphere of banana trees 

in the agroecological zone of the Divo department (southwest, Côte d’Ivoire) 



1. INTRODUCTION 

Climate change poses a major challenge for agriculture in tropical Africa, particularly in 

Côte d'Ivoire, where it manifests itself in lower rainfall and higher temperatures (Affoué et al., 

2019). These climatic anomalies have significant repercussions on agricultural production, 

particularly on plantains, an essential crop that requires a lot of water and is vulnerable to 

extreme temperatures (Chanzy et al., 2015). In Côte d'Ivoire, this plant plays a crucial role both 

in terms of food and the economy. It ranks as the country's third most important food crop, after 

yams and cassava (Traoré et al., 2009). The plantain industry is an important source of income 

for farmers, with an annual production of around 2.3 million tons of bananas. In addition, it 

contributes between 5 and 8% of the national agricultural GDP and generates around 22,000 

jobs (CIRAD, 2023; FAO, 2023). Plantain cultivation is mainly concentrated in the eastern, 

central-western, southwestern, and western parts of the country (Thiémélé, 2017). 

Despite the challenges posed by climate change, plantain production in the department of 

Divo, located in the Lôh-Djiboua region in the southwest, remains significant, accounting for 

approximately 18% of national production (FAO, 2023). This resilience to changing climatic 

conditions can be attributed to several biotic and abiotic factors, among which filamentous fungi 

play an essential role in plant health and productivity. Abundant in the rhizosphere, these fungi 

have a remarkable ability to adapt to extreme conditions, particularly high temperatures 

(Jaegers, 2024). Under such circumstances, some fungi that are generally mesophilic can evolve 

to become thermophilic or thermotolerant. These thermophilic fungi are particularly important 

because they actively participate in the decomposition of organic matter, which enriches the 

soil with nutrients essential for plant growth (Van-Der-Heijden & Hartmann, 2016). In addition, 

by releasing these nutrients, they improve the availability of nutrients for plantain, thereby 

promoting its development. They can also protect banana trees against several pathogens by 

establishing beneficial interactions with the roots (Ridout & Newcombe, 2016).  

Therefore, knowledge of the thermophilic fungi present in the rhizosphere of banana 

plants is crucial to understanding their influence on the development, productivity, and health 

of this plant, particularly in the context of climate change. The overall objective of this study is 

to identify thermophilic filamentous fungi in the rhizosphere of banana plants in the department 

of Divo. 
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2. Materials and methods 

2.1. Study area  

The rhizosphere soil samples from plantains used to isolate thermophilic fungi were 

collected from four (04) plantain fields (Table I) in southwestern Côte d'Ivoire in the department 

of Divo. This department, located in the Lôh-Djiboua region at geographical coordinates 

5°50’00’’ North and 5°22’00’’ West, is a major plantain-producing area. The soil is ferralitic 

and the climate is equatorial (hot and rainy) with dense forest vegetation (Ourega & Gbocho, 

2021). 

Table I: Geographic coordinates of banana plantations 

Fields Geographical coordinates 

Field 1 5°44’07’’ North and 4°51’20’’ West 

Field 2 5°47’24’’ North and 4°54’00’’ West 

Field 3 5°51’00’’ North and 5°20’00’’ West 

Field 4 5°45’00’’ North and 5°46’00’’ West 

2.2. Rhizosphere soil sampling 

Rhizosphere soil sampling took place during July 2024 in four (04) banana plantations in 

the department of Divo. This operation was carried out using the point and plot sampling 

method (Vincent, 2007). Three plots at least 50 m apart were defined in each banana plantation. 

Samples were taken within a radius of 0.5 m around the base of each banana tree. The soil 

surface was cleared of plant and animal debris using a hoe to a depth of 15 to 20 cm. Fifty 

grams of soil adhering to the roots of the plantain trees included in each defined plot were 

collected using an auger (El-Mrabet et al., 2017). A composite sample per plot was produced 

by mixing and homogenizing all the samples from a given plot. A total of 12 samples of 

approximately 500 g of rhizosphere soil were collected, packaged in sterile bags, and sent to 

the laboratory for further analysis. 

2.3. Isolation of rhizosphere fungi 

A quantity of 5 to 10 mg of each previously dried soil sample was weighed and placed in 

a Petri dish. Approximately 20 ml of Sabouraud medium with chloramphenicol, prepared and 

maintained at a supercooled temperature of 45 to 50 °C, was added. The weighed soil was 

UNDER PEER REVIEW



immediately dispersed in the culture medium by gently shaking the Petri dish (Warcup, 1950). 

Three tests were carried out per soil sample. Incubation took place at 30°C for seven days, after 

which the morphologically different colonies observed on the Petri dishes were collected and 

cultured individually under the same conditions. 

2.4. Identification and selection of thermophilic fungi 

The fungal isolates were characterized based on morphological observations. 

Macroscopic characteristics, namely the color, shape, and appearance of the mycelium on 

Sabouraud agar with chloramphenicol, were observed. In addition, microscopic identification 

based on the mode of hyphal partitioning, the shape of conidia, and the presence of phialides 

and chlamydospores was performed on 7-day-old colonies using the Scotch tape method at 40x 

magnification (Carlier et al., 2003). 

The selection of thermophilic fungi was carried out by re-incubating the identified molds 

in an oven at a temperature of 55°C for a period of 3 to 7 days (Verscheure et al., 2002). At this 

high temperature, only thermophilic molds will continue to grow. Three replicates were 

performed for each reincubated isolate. To evaluate the thermotolerant capacity of these fungi, 

their growth rate (V) at 55°C was determined using the following formula: V = Average 

diameter (mm)/Time (days). This rate was then compared to that observed at 30°C. 

2.5. Fungal load in rhizospheric soils (CFU/g of soil) 

The microbial load of soil samples was calculated using the following equation (Chabasse 

et al., 2002): 

 

 

-N (CFU/g): Number of germs per gram of soil; 

-N': Number of plates used for counting; 

-∑Ci: Sum of colonies counted on all Petri dishes used; 

-0.01: Gram of soil used for each Petri dish.  

 

 

 

N(UFC/g) = 
∑Ci 

0,01N’ 
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2.6. Statistical analysis 

The data collected during this study were analyzed using R-Studio software version 4.4.1. 

An analysis of variance was performed using a generalized linear model (GLM) with a Gaussian 

link function to compare soil fungal loads. This analysis also allowed for a comparison of fungal 

growth rates at 30°C and 55°C (t-test). The choice of the generalized linear model (GLM) was 

due to the failure to meet the conditions of normality and homogeneity of variance required for 

the direct application of analysis of variance (ANOVA). An analysis of variance, coupled with 

the χ2 test, was then used to evaluate the significance of the observed effects. 

3. RESULTS 

3.1. Fungi isolated from the rhizosphere of banana trees 

Microbiological analysis of rhizosphere soils sampled from banana plantations in the 

department of Divo yielded 34 isolates. Using identification keys incorporating macroscopic 

and microscopic characteristics, these isolates were classified into nine genera of fungi, 

including Aspergillus (present in two morphotypes), Absidia, Paecilomyces, Penicillium, 

Scedosporium, Mucor, Trichoderma, Beauveria, and Alternaria. The macroscopic and 

microscopic characteristics of these fungal genera are presented in Table II. 

Table II: Fungi isolated from the rhizosphere of banana trees in the department of Divo 

Isolated codes Genera Macroscopic aspects Microscopic aspects 

 

 

D1, D2, D3, 

 

 

 

 

 

Aspergillus 
 

 

 

 

D4, D5 
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D6, D7, D8 

 

 

Absidia 

 

 

 

 

D9, D10, D11 , 

D12, D13, D14 

 

 

Paecilomyces 

 

 

 

D15, D16, 

D17,  D18, 

D19, D20 

 

 

Pénicillium 

 

 

 

 

D21, D22, D23 

 

 

Scedosporium 

  

 

 

D24, D25, 

D26, D27, D28 

 

 

Mucor 

  

 

 

D29, D30 

 

 

Trichoderma 
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D31, D32 

 

 

Beauveria 

  

 

 

D33, D34 

 

 

Alternaria 

  

3.2. Fungal load in the banana plantations investigated (CFU/g of soil) 

The loads of fungi isolated from the rhizosphere soils of the four banana plantations in 

the department of Divo are shown in the figure below. All banana plantations had statistically 

identical loads. 

 

 

 

 

 

 

 

 

The bands assigned the same letter are identical according to the χ2 test at a threshold of a = 5%. 

Figure 1: Fungal load in the rhizosphere of the banana plantations investigated 
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3.3. Thermophilic fungal flora isolated from the rhizosphere 

Genera Isolates    Growth rate (mm/day) at 

30°C   

Growth rate (mm/day) 

at 55°C 

Aspergillus 
D4 11.43 ± 0.55a 10.14 ± 0.35a 

D5 10.86 ± 0.75a 10.43 ± 0.87a 

Absidia D7 7.86 ± 0.15a 5 ± 0.65b 

 

Paecilomyces 

D10 11.43 ± 0.15a 10 ± 0.05a 

D11 10.28 ± 0.25a 9.86 ± 0.02a 

D12 10.14 ± 0.45a 10.43 ± 0.65a 

 

Penicillium 

D16 10.71 ± 0.00a 10.28 ± 0.15a 

D17 11.14 ± 0.95a 10.85 ± 0.10a 

D18 11.14 ± 0.01a 11.28 ± 0.25a 

Scedosporium D22 11.43 ± 0.00a 7.14 ± 0.71b 

Mucor 
D25 20 ± 0.00a 12.5 ± 0.75b 

D26 20 ± 0.00a 12 ± 0.70b 

Trichoderma 
D29 18.75 ± 0.10a 17.5 ± 0.01a 

D30 18.50 ± 0.23a 17 ± 0.00a 

Beauveria 
D31 7.14 ± 0.17b 10 ± 0.03a 

D32 7.28 ± 0.20b 10.28 ± 0.38a 

Values assigned the same letter are identical according to the χ2 test at a threshold of a = 5%. This is a pairwise 

comparison of growth rates at 30°C and 55°C. 

The 34 mold isolates, initially cultured at 30°C, were re-incubated at 55°C for 3 to 7 days 

in order to select thermophilic molds. Of these isolates, only 16 continued to grow at this high 

temperature (Table III).  They were therefore  identified as thermophiles.  These were isolates 

of  Aspergillus  (D4  and  D5),  Absidia  (D7),  Paecilomyces  (D10,  D11,  and  D12),  Penicillium 

(D16,  D17,  and  D18),  Scedosporium  (D22),  Mucor  (D25  and  D26),  Trichoderma  (D29  and 

D30),  and  Beauveria  (D31  and  D32).  The  isolates  of  Aspergillus,  Paecilomyces, 

Penicillium,  and  Trichoderma  showed  consistent  growth  rates  regardless  of  incubation 

temperature.  In  contrast,  the  isolates  of  Scedosporium,  Absidia,  and  Mucor  showed  higher 

growth  rates  at  30°C  than  at  55°C,  where  growth  rates  were  significantly  reduced. 

Beauveria isolates showed maximum growth at 55°C, with low growth rates at 30°C. 

Table III: Growth rates of rhizospheric fungi as a function of incubation temperature 
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4. DISCUSSION 

The objective of this study was to identify thermophilic fungi associated with the 

rhizosphere of plantain trees in the Divo area. Microbiological analysis of soil samples taken 

from four banana plantations revealed a diversity of fungal agents present in these plantations. 

The fungal loads of the soil samples were statistically identical, suggesting that this 

homogeneity is linked to similar cultivation practices observed by producers, as indicated by 

Zain et al. (2014). Indeed, these authors emphasized in their work that cultivation practices 

strongly influence the microbial ecosystem of soils. 

Among the fungi isolated from the rhizosphere soils of banana plants, eight (08) genera 

presented thermophilic isolates. These are the genera Aspergillus, Absidia, Paecilomyces, 

Penicillium, Scedosporium, Mucor, Trichoderma, and Beauveria. Numerous studies confirm 

the thermophilic nature of certain species belonging to these genera (Mulaw et al., 2013; Bilgo 

et al., 2024). The ability of these microorganisms to grow at high temperatures is particularly 

advantageous in the current context of global warming, which is destabilizing the banana tree 

ecosystem. These microorganisms are characterized by their rapid growth and high saprophytic 

competitiveness at extreme temperatures (Bonduelle et al., 2025). This allows them to thrive in 

conditions where other organisms cannot survive, thereby strengthening their role in the 

ecosystem. The species Aspergillus, Scedosporium, Mucor, and Absidia spend most of their life 

cycle as saprophytes in the soil (Chabasse, 2024). In nature, these species overwinter in the 

form of vegetative hyphae or thanks to resistant structures called sclerotia. Their presence in 

banana plantations is crucial, as these saprophytic microorganisms facilitate the degradation of 

organic matter at high temperatures, as stated by Ridout & Newcombe (2016). They thus 

contribute to the biological balance of banana plantation soils, transforming organic matter into 

mineral matter and renewing humus. As for the species Paecilomyces, Penicillium, 

Trichoderma, and Beauveria, in addition to their saprophytic capacity, they are known for their 

powerful antagonistic effect against plant pathogens. According to the work of Jaegers (2024), 

these antagonists are able to control the growth of other fungi, particularly pathogens, through 

the production of antifungal substances. For example, to limit the development of a pathogen, 

Beauveria species generally produce secondary metabolites such as beauvericin, bassianolide, 

cyclosporine, beauverolide, isarolid, and oosporein, which can accelerate the fungal infection 

process and weaken the host's immune system (Yin et al., 2022). Paecilomyces, Penicillium, 

and Trichoderma species also inhibit pathogen development by producing potent secondary 
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metabolites such as flavonoids, terpenoids, alkaloids, and ketones (Nawaz et al. 2018). These 

fungi can also act as natural antibacterials and nematicides, while stimulating plant resistance 

(Van-Der-Heijden & Hartmann, 2016). 

5. CONCLUSION 

This study revealed the diversity of rhizosphere fungi in plantains in the Divo department 

of Côte d'Ivoire, with eight genera identified as thermophilic. These are the genera Aspergillus, 

Absidia, Paecilomyces, Penicillium, Scedosporium, Mucor, Trichoderma, and Beauveria. 

These microorganisms play a crucial role, not only in decomposing organic matter, thereby 

enriching the soil with nutrients, but also in protecting banana trees from various pathogens. 

Their ability to adapt to high temperatures makes them valuable allies for the resilience of 

plantain cultivation, especially in the context of global warming. Furthermore, their ability to 

promote plant health and stimulate growth through beneficial interactions highlights the 

importance of understanding and preserving these organisms in agricultural practices. To ensure 

the sustainability of plantain production in Côte d'Ivoire, it is therefore essential to integrate the 

management of thermophilic fungi into agricultural strategies. This could include adapted 

cultural practices that promote their development and effectiveness, thereby contributing to 

food security and the economic sustainability of farmers in the region. 
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