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Abstract
The common bean (Phaseolus vulgaris L.) is a legume that faces numerous biotic constraints that hinder its production. Among these are fungal diseases that attack both leaves and pods, reducing yields. The objective of this study is to contribute to improving green bean production in the Gourma province. Macroscopic and microscopic identifications were carried out using plant pathology tools. As a result of the work, four pathogens were identified: Aspergillus niger, Botrytis cinerea, Colletotrichum lindemuthianum, and Alternaria alternata. These pathogens are responsible for various symptoms observed on the leaves and fruits, all contributing to a decrease in green bean productivity. This study allowed us to identify the different fungal pathogens of the common bean, which opens up possibilities for developing an appropriate control method.
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Introduction
In Africa, green beans (Phaseolus vulgaris) are cultivated in several mid- and high-altitude agro-ecological zones (Snapp et al., 2018). In developing countries, they represent a key food source in the fight against malnutrition for millions of smallholder farmers (Meziadi et al., 2016 ; Boudreau, 2013). The main producing countries in West Africa are Burkina Faso, Mali, Niger, and Côte d'Ivoire (Sidibé et al., 2020).
However, despite its nutritional importance, green bean cultivation faces numerous biotic constraints that severely limit its productivity. Among these biotic factors, diseases play a dominant role. They are caused by various pathogens, particularly fungi, which are responsible for several fungal diseases that significantly reduce yields (Martins et al., 2018; Beebe et al., 2013). In addition, bacterial diseases (Manju et al., 2023; Djeugap et al., 2014) and those caused by viruses (Mwaipopo et al., 2018 ; Martha et al. 2017) exacerbate losses and compromise crop productivity.
In the Gourma province, green bean production is very low, a trend also observed throughout the eastern region compared to other provinces of Burkina Faso. This low production is due to a lack of knowledge about the crop, the absence of suitable pest control methods, and the limited availability of varieties adapted to the region's agro-climatic conditions. Foliar diseases and pod rot also lead farmers to abandon the crop, as they require extensive treatment. Identifying the pathogens present is therefore a key step in promoting sustainable and profitable production.

Materials and Methods
Study Site Overview 
The study was conducted in a peri-urban area of ​​the city of Fada N’Gourma, located at latitude 12°03′41″N and longitude 0°21′30″E. The climate is Sudano-Sahelian, with temperatures generally ranging from 18°C ​​to 39°C, rarely falling below 16°C or exceeding 42°C. It is characterized by two seasons: a long dry season of seven months (October to April) and a rainy season of five months (May to September), with an average annual rainfall of 831.11 mm. The vegetation consists of shrub savanna in the north and wooded savanna in the south. The area features three types of vegetation: steppe, savanna, and gallery forests (INSD, 2023), and its terrain is generally flat, although hills appear around Nalambou and Namoungou. The soils are fertile and suitable for agriculture, composed of several types, including ferruginous and alluvial soils. The region is rich in wildlife reserves and national parks. It also contains several rivers, such as the Pendjari and the Sirba, as well as numerous ponds. 
Plant material for disease identification
The plant material for disease identification consists of leaves, stems, and pods of the green bean.
Sampling and Collection Methods
Samples were collected from blocks exhibiting foliar symptoms. Each sample consisted of several leaves, placed in a transparent bag, and then labeled. Upon arrival at the laboratory, an initial sorting took place. Subsequently, only samples showing severe and clearly visible symptoms were retained for incubation.
Preparation of the Culture Medium
PDA (Potato-Dextrose-Agar) culture medium was used for the isolation of fungi. In the case of certain obligate parasites, direct observations were made under a microscope. The culture medium was prepared by taking 39 g of synthetic PDA powder, weighing it using an electronic balance, and adding it to 1 liter of distilled water in a jar. The mixture was stirred to obtain a homogeneous solution. The jar was then placed in an autoclave at a pressure of 1 bar and 121 °C for 15 minutes. The jar was removed from the autoclave and cooled to between 45 °C and 50 °C to prevent condensation. Finally, the medium was transferred under a sterile fume hood into sterile 9 cm diameter Petri dishes, adding approximately 15 ml of medium per dish.
Incubation
The samples were first washed thoroughly under running water. They were then cut into small fragments of approximately 25 mm² (5 mm on each side), selecting areas close to the spots or lesions, near necrotic zones (Moreau-Moulds, 1991). These fragments were then disinfected for a few seconds in a 2% sodium hypochlorite solution, followed by 30 seconds of rinsing with sterile distilled water. This rinsing was repeated three times to remove as much sodium hypochlorite as possible. This disinfection process eliminated exogenous microflora. Afterward, the fragments were placed on sterile Watmann filter paper to dry for 30 seconds under a fume hood. Finally, the cut fragments were placed on culture media prepared beforehand in Petri dishes. The incubation was done under alternating light (12h) and darkness (12h) to induce better fungal development.
Isolation
After colony development during incubation, successive subculturing was carried out under the same conditions to obtain pure colonies in Petri dishes. The pure colonies obtained using the Moreau-Moulds method (1991), which consisted of taking a thin portion of the mycelium with a scalpel blade and then depositing it in a new Petri dish containing a PDA-based medium, were subjected to macroscopic and microscopic identification (Soura et al. 2019).
Symptomatology
Symptomatology consists of the study of symptoms. Symptoms are the visible manifestation of disease. They are characterized by changes in different parts of the plant, such as leaves and stems. Several symptoms are characteristic of diseases. Necrosis is the death of cells, chlorosis is the degradation of chlorophyll, wilting is the loss of turgor, and yellowing is a change in color. Galls and many other symptoms can also appear on the plant.
Macroscopic Identification
Macroscopic identification of fungi is performed by observing pure colonies with the naked eye after successive subculturing on culture medium. Two criteria are considered: the appearance and color of the colonies. The first criterion is based on the appearance of the colonies, which may appear downy, woolly, cottony, velvety, powdery, or granular. As for the second criterion, color, the most common colors are white, cream, yellow, orange, brown, and even black. The pigments may be localized within the mycelium or diffused throughout the culture medium (Rapio and Fons, 2006).
Microscopic Identification
Microscopic examination consisted of using a scalpel to remove a thin portion of mycelium from a cultured colony and placing it on a slide with a drop of sterile water. Observation under 40x and 100x objectives (400x and 1000x magnification) allowed for the distinction of the main morphological elements, including the presence of spores (shape, size, color) and the structure of the hyphae (presence or absence of septa), in accordance with the identification keys proposed by Barnet and Hunter (1987).

Result & Discussion

Symptomatology
During the study conducted at the experimental site, several symptoms of fungal diseases were observed on green bean (Phaseolus vulgaris) plants. Visual observation of the different varieties allowed for the identification of various types of foliar and structural alterations characteristic of the main fungal diseases of this crop. The main symptoms observed are:
• Presence of small, brown to orange pustules, mainly on the underside of the leaves, leading to progressive yellowing and drying of the leaf (Photo 1).
• Presence of an elongated, circular, black necrotic spot surrounded by a yellow halo (Photo 2).
• Grayish felt-like growth accompanied by organ death (Photo 3).
• Necrotic spots with a light center, beginning with yellowing that spreads across the entire leaf (Photo 4).
• Presence of necrotic, chlorotic spots with progressive leaf discoloration (Photo 5).
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[bookmark: _Toc213870759]Photo 2 : Black necrotic spots on leaves
[bookmark: _Toc213870760]Photo 1: Small reddish pustules on leaves











[bookmark: _Toc213870761]Photo 4: Brown necrotic spot on leaf
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[bookmark: _Toc213870763]Photo 5: Complexe symptomatologique



Identification of Pathogens
Identifications were performed both macroscopically and microscopically. Several types of pathogenic fungi were observed. The majority of these pathogens caused various symptoms on the leaves. Overall, four (4) pathogenic fungi were identified in the collected samples.
Aspergillus niger, responsible for black mold
Macroscopically, a dense, well-developed black colony covers the entire surface of the container (Photo 6A) with a velvety to slightly powdery mycelium. However, its underside is black to dark brown on the 30th day after subculturing (Photo 6B).
Under the microscope, these spores are spherical to ovoid, light to dark brown in color (Photo 6C). The mycelium is hyaline (transparent) and septate (Photo 6D). Based on the information gathered during identification, this is Aspergillus niger.
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[bookmark: _Toc213870764]Photo 6: Macroscopic and microscopic identification of Aspergilus Niger

Colletotrichum lindemuthianum: responsible for green bean anthracnose
Macroscopic observation of Colletotrichum lindemuthianum shows a dark gray to blackish tint towards the periphery, with a darker to black central zone, and a slightly brown to whitish center (Photo 7A), with a cottony-looking colony. However, it has a black underside with a whitish center (Photo 7B).
Under the microscope, the spores are hyaline, elongated to cylindrical or slightly curved, with rounded ends (Photo 7C). The mycelium is filamentous and septate (Photo 7D). Based on the information gathered during identification, this is Colletotrichum lindemuthianum.


A
B
C
D









A
B






[bookmark: _Toc213870765]Photo 7: Macroscopic and microscopic identification of Colletotrichum lindemuthianum

Causative agent of gray mold: Botrytis cinerea
On the plate, we observe a white, cottony colony at the beginning of growth, which gradually becomes grayish to ash-brown with age (Photo 8A). The underside of the plate is light brown and slightly yellowish (Photo 8B).
Under the microscope, the spores are ovoid to elliptical (photo 8C), unicellular. The mycelium is filamentous and septate (Photo 8D). Based on the information gathered during identification, this is Botrytis cinerea.
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[bookmark: _Toc213870766]Photo 8: Macroscopic and microscopic identification of Botrytis cinerea


Alternaria alternata, responsible for brown spot disease
Macroscopic observation reveals a dense, downy, gray colony with concentric zones (Photo 9A). The underside of the container is dark gray to black (Photo 9B).
Microscopic observation shows oblong, bicellular spores with a transverse septum (Photo 9C) and a septate mycelium (Photo 9D). Based on the information gathered during identification, this is Alternaria alternata.
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[bookmark: _Toc213870767]Photo 9: Macroscopic and microscopic identification of Alternaria alternata

Identification of Fungal Diseases
The diversity of symptoms and identified pathogens, such as Aspergillus niger, Colletotrichum lindemuthianum, Botrytis cinerea, and Alternaria alternata, reveals a high level of fungal parasitism in our study area, indicating that fungal diseases are the dominant phytosanitary constraint affecting green bean production in the Gourma province. These results are consistent with the work of Goundjo et al. (2023) and Degu et al. (2020), who emphasize that fungal diseases constitute the main category of diseases affecting green beans.
The presence of a complex of symptoms suggests the coexistence of several pathogens on the same plant, making diagnosis and control more difficult due to interactions that exacerbate symptoms and accelerate leaf tissue degradation. This aligns with the observations of Rakotozoely (2024) ; Deng and al. (2022), who found that such interactions can amplify damage to plant tissues and significantly reduce photosynthesis, leading to yield losses exceeding 50%. Thus, these observations confirm that fungal diseases, by disrupting photosynthetic activity, constitute a major factor limiting green bean productivity in the region. This corroborates the work of El-Karkouri and al. (2019) ; Govardhani and al. (2022), who indicated that 83% of plant diseases are attributable to fungi.
Light and electron microscopy studies of the B. cinerea host plant relationship have shown that the cuticle is dissolved enzymatically rather than broken mechanically (Foucher, 2020). Indeed, due to its ability to infect different plant species, B. cinerea must employ numerous pathogenicity mechanisms to overcome host defense systems and establish infection (Adam and al. 2018). Some of these mechanisms have been studied, such as the production of hydrolytic enzymes secreted during germination and degrading the cell wall, such as polygalacturonases (Burger and Chory, 2019), hexokinase and MAP kinase (Carter and al. 2020), pectin methylesterase (Ding and al. 2018), expansin (Gervasi and al. 2018), cutinase and esterase (Hnatuszko-Konka and al., 2019). It has been shown that B. cinerea also produces phytotoxic metabolites that suppress plant defense responses or induce cell death at infection sites (Jacques and al. 2016), and ethylene, a gaseous phytohormone, which promotes infection and tissue senescence by inducing chlorophyll loss and a decrease in the rate of photosynthesis (Hou and al. 2019). In turn, bean plants develop natural defenses following infection by B. cinerea, such as hypersensitivity and the secretion of fungitoxic compounds like α-tomatine. However, B. cinerea is resistant to this glycoalkaloid and can utilize dead tissue (Kremer and al. 2019).
Ingesting food contaminated with Alternaria alternata can trigger severe allergic reactions in patients with respiratory sensitivities, especially for products like green beans, which are eaten raw (Saliby et al. 2025). Therefore, it is important to have healthy produce in the field before harvest.

Conclusion
This study, entitled “Identification of fungal diseases of green bean (Phaseolus vulgaris) in the Gourma province, aimed to contribute to the improvement of green bean production in this region. More specifically, it sought to identify the main fungal diseases affecting the crop. Field observations and analyses identified the main pathogens responsible for fungal diseases, such as Aspergillus niger, Botrytis cinerea, Colletotrichum lindemuthianum, and Alternaria alternata, which pose a major constraint to green bean production in the Gourma province.
Analyzing pathogens and their dynamics is of paramount importance, as plant diseases are a major limiting factor in agricultural productivity. Studying these diseases not only helps reduce yield losses but also improves the resilience of production systems to increasing pest and disease pressures. A better understanding of pathogens also helps guide integrated management strategies, select resistant varieties, and optimize farming practices.
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