Field Assessment, Isolation, and Morphological Characterisation of Fusarium oxysporum f sp. vasinfectum Causing Wilt in Cotton (Gossypium spp.) in Hanumangarh District, Rajasthan

ABSTRACT
Cotton (Gossypium spp.) is an economically important crop grown globally for its natural fibre and seeds, and its productivity is significantly affected by various biotic stresses. Fusarium wilt caused by Fusarium oxysporum f. sp. vasinfectum (FOV) is a major constraint to cotton production in arid regions of India. The study is focused on disease incidence, distribution, and pathogen variability across major cotton-growing regions of North Rajasthan during Kharif 2023–24 and 2024–25. Disease incidence ranged from 10.8% to 31.2%, with higher levels in Hanumangarh, Sri Ganganagar, and Bikaner, associated with sandy soils, low organic matter, and imbalanced fertilization. Lower incidence in Jhunjhunun and Sikar was associated to crop rotation and balanced nutrient management. Six isolates of the pathogen were obtained from infected roots and characterized morpho-culturally. Significant variability was observed in colony morphology, pigmentation, growth rate (46.82–67.86 mm day⁻¹), and spore dimensions, although all isolates showed typical Fusarium features. The results indicated a diverse and adaptable pathogen population, highlighting the need for integrated management practices, including crop rotation, organic amendments, and balanced fertilization, for sustainable control of Fusarium wilt in cotton-growing regions.
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1. Introduction
?Cotton (Gossypium spp.), a member of the Malvaceae family, is a globally significant fibre and cash crop, often termed “white gold” due to its substantial economic value. It is among the earliest domesticated commercial crops and remains the primary natural fibre supporting the global textile sector (Texier, 1993). Cultivated cotton species include the diploid (2n = 26) Old World types, Gossypium arboreum and Gossypium herbaceum, and the tetraploid (2n = 52) New World species, Gossypium hirsutum and Gossypium barbadense. Among these, G. hirsutum accounts for nearly 90% of global cotton production (Hu et al., 2019). India is distinctive in cultivating all four species commercially. Cotton plays a crucial role in India’s economy by sustaining major agro-industries such as ginning, textiles, and oil extraction, while also generating employment and foreign exchange (Ahmed et al., 2009). Beyond fibre, cotton provides products like edible oil, animal feed, and paper. It also contains bioactive compounds such as gossypol and terpenoids with notable biological properties (Egbuta et al., 2017). Globally, cotton is projected to cover 32.4 million hectares with a production of 119.05 million bales by 2025. In India, it occupied 123.42 lakh hectares in 2023–24, mainly across Gujarat, Maharashtra, and Telangana (CAI, 2025). Despite its importance, cotton productivity is severely constrained by several biotic stresses, among which Fusarium wilt caused by Fusarium oxysporum f. sp. vasinfectum is one of the most destructive soil-borne diseases. Fusarium wilt is a vascular disease in which the pathogen enters the plant through the roots and colonizes the xylem vessels, thereby obstructing water and nutrient transport. This results in characteristic symptoms such as leaf yellowing, wilting, stunted growth, and eventual plant death. Early symptoms include yellowing of older leaves, progressing to younger tissues, often accompanied by a distinct “V-shaped” pattern of wilting. Internal vascular discoloration, appearing as dark brown streaks in the stem, is a diagnostic feature of the disease (Abbott and Davis, 2016- this citation is not listed in the bibliography!). Yield losses may reach up to 40–50% under severe infection (Phipps and Thompson, 2020- this citation is not listed in the bibliography!). The disease is widely prevalent in major cotton-growing regions, including Rajasthan, where it poses a significant constraint to production. Management of Fusarium wilt is challenging due to persistence of the pathogen in soil and wide host range. Although chemical fungicides are commonly used, their continuous application raises concerns related to environmental pollution, health hazards, and development of resistant strains. Therefore, there is an increasing need for sustainable and eco-friendly approaches, including the use of biocontrol agents, botanicals, and integrated disease management strategies. Previous studies have shown promising results using microbial antagonists and plant extracts in reducing wilt incidence (Hossain et al., 2013). In this context, the present investigation was undertaken to evaluate field incidence and to isolate and morphologically characterize Fusarium oxysporum f. sp. vasinfectum, responsible for wilt in cotton (Gossypium spp.), in Hanumangarh district, Rajasthan.
2. Materials and Methods
2.1 Survey and sample collection
aligned?	Multiple field surveys were conducted to assess disease incidence in the cotton-growing regions of North Rajasthan, India. The study covered the districts of Hanumangarh, Sri Ganganagar, Churu, Bikaner, Jhunjhunun, and Sikar during the Kharif seasons of 2023–24 and 2024–25. Blocks within each district were selected randomly, and 5–10 field visits per block were undertaken, covering distances of approximately 15–20 km. At each site, cotton fields were selected at random, and within each field, a 10m long row was marked out for disease assessment (Mathivathani et al., 2019). Relevant information, including soil type, cultivars grown, disease incidence, and agronomic practices, was also documented. In each field, a square meter quadrat was randomly placed, and the number of infected plants within the quadrat was recorded. During these surveys, diseased cotton plants exhibiting characteristic symptoms of Fusarium wilt were collected. The symptoms were recorded on leaves, which initially appeared as yellowing of the margins of the lower leaves in older plants and then gradually spread towards the main veins. As the disease progressed, affected plants exhibited stunting, wilting, chlorosis and necrosis of leaves, followed by dieback often beginning at the top of the plant and ultimately resulting in plant death. Severely diseased plants exhibited reduced boll number and size, with affected bolls showing poor fibre development and premature opening or retention on the plant. In advanced infections, bolls on wilted branches displayed desiccation and lint discoloration. The survey provided a detailed assessment of the distribution and severity of Fusarium wilt across key cotton-growing villages in Hanumangarh district, Rajasthan. Disease intensity was subsequently expressed as percent disease incidence (PDI) using the following formula given by Mourya et al. and Khulbe, 2025:

2.2 Isolation of the Pathogen 
		Root samples were collected from wilt-infected cotton plants and thoroughly rinsed under running tap water to remove adhering soil particles. The cleaned roots were then cut aseptically into approximately 2 cm long segments. These root pieces were surface sterilized using 2% mercuric chloride (HgCl₂) for one minute, followed by three rinses with sterile distilled water to remove traces of the disinfectant. After sterilization, the root segments were blotted dry with sterile filter paper under aseptic conditions (Asif et al., 2023). Half-plate technique was used for pathogen isolation, where potato dextrose agar (PDA) medium was poured into one half of a sterile Petri plate. The sterilized root pieces were placed along the margin of the medium, and the plates were incubated at 28 ± 2°C for seven days. After incubation, fungal growth emerging from the root tissues was observed based on morphological and microscopic features, and purified. The isolated fungus was then sub-cultured to obtain pure cultures on PDA and preserved under refrigeration for further studies.
2.3 Morphocultural characterization of the Pathogen
		Morphocultural characterisation of six isolates of Fusarium oxysporum f. sp. vasinfectum rom different district of Rajasthan obtained during the survey, were studied for their morphology, colony characteristics and variability on potato dextrose agar (PDA). A 5mm, actively growing disc of F. oxysporum f. sp. vasinfectum isolates were inoculated centrally on sterile Petri dishes (90mm) and incubated at (28 ± 2°C). Morphological characteristics such as the size (length and width) of macroconidia, microconidia, diameter of the fungal mycelial growth, colony characters, sporulation, pigmentation and chlamydospores were recorded. Observations were taken in three replicates for each isolate. The study was conducted using an ocular and stage micrometre after mounting the samples on slides with sterile distilled water at the required magnification. The data were statistically analysed using a completely randomized design (CRD) (Patel et al., 2020 a or b?; Bibanco et al, 2010).
3. Result and Discussion
A comprehensive field survey was conducted across various districts, namely Hanumangarh, Sri Ganganagar, Churu, Bikaner, Jhunjhunun, and Sikar, during the Kharif seasons of 2023–24 and 2024–25 to assess the prevalence and distribution of Fusarium wilt in the cotton-growing belt of North Rajasthan, India. The diseased samples collected from different blocks showed significant variation in disease incidence across the surveyed locations (Table 1). In Hanumangarh, incidence ranged from 15.8–24.5% in 2022–23 and increased to 18.3–27.2% in 2024–25. Sangaria recorded the lowest incidence under balanced fertilization, whereas Rawatsar consistently showed higher disease levels, possibly due to sandy soil conditions and low organic matter content. In Sri Ganganagar, disease incidence varied from 12.5–28.6% in 2023–24 to 14.9–31.2% in 2024–25. Karanpur exhibited the lowest incidence, which may be associated with clay loam soil and crop rotation, while Padanpur and Gharsana recorded the highest incidence, likely due to poor drainage and intensive cultivation. In Churu, incidence increased from 16.8–21.4% to 19.5–24.6% between the two seasons; Taranagar showed comparatively lower incidence under balanced agronomic practices, whereas Srjangarla showed higher disease severity in sandy soils under moderate irrigation. Bikaner recorded incidence of 18.2–27.8% in 2023–24 and 20.4–30.5% in 2024–25, with Poogal and Lunkaransar showing the highest disease levels, likely due to low organic carbon and poor crop rotation. Jhunjhunun exhibited relatively lower incidence, ranging from 11.5–16.2% to 13.9–18.4%, with Nawalgarh showing the least disease and Buhana comparatively higher values. Sikar recorded the lowest overall incidence, ranging from 10.8–14.7% in 2023–24 and 13.2–17.3% in 2024–25, particularly in blocks adopting crop rotation, FYM application, and balanced NPK fertilization. 
		The present survey revealed significant spatial and temporal variation in Fusarium wilt incidence of cotton across major districts of North Rajasthan during the Kharif seasons of 2023–24 and 2024–25. The consistent rise in disease levels during 2024–25 suggests a gradual build-up of soil inoculum and reflects the influence of agro-ecological conditions and management practices on disease development, as also reported under intensive cultivation systems (Ayubov et al., 2024). Higher incidence in districts such as Hanumangarh, Sri Ganganagar, and Bikaner, particularly in blocks like Rawatsar and Gharsana, can be linked to sandy soils, low organic matter, and imbalanced nutrient use. Such conditions favour pathogen establishment and increase plant susceptibility, especially under moisture stress and excessive nitrogen fertilization (Garcia, 2024; Kumar et al., 2024). In contrast, lower incidence in Jhunjhunun and Sikar was associated with crop rotation, FYM application, and balanced fertilization, which improve soil health and suppress pathogen populations (Sharma and Khan, 2025). Additionally, loamy soils in areas like Karanpur and Taranagar supported reduced disease severity due to better moisture retention (Singh et al., 2023- this citation is not listed in the bibliography!). The findings highlight the role of integrated soil and crop management in mitigating Fusarium wilt under arid conditions (Mourya and Khulbe, 2025).Top of FormBottom of Form
		The persistence of Fusarium oxysporum f. sp. Vasinfectum in agricultural soils remains a significant challenge for effective disease management. Once introduced into a field, the pathogen can survive for extremely long periods, often making eradication nearly impossible (Smith and Snyder, 1975). Recent studies further confirm that F. oxysporum is capable of long-term survival in soil environments, with some reports indicating persistence for many years or even decades in the absence of a susceptible host (Bautista et al., 2023; Xie et al., 2024- this citation is not listed in the bibliography!). Earlier findings by Dyer et al. (2022) also demonstrated survival exceeding a decade in fallow soils. This prolonged persistence reflects its ecological status as a true soil inhabitant, a concept originally proposed by Garrett (1944). As a soil borne pathogen, F. oxysporum can survive saprophytic ally by utilizing decaying organic matter and producing resilient structures such as chlamydospores, which are key to its long-term survival under adverse conditions (Jackson et al., 2024). Moreover, the pathogen is capable of colonizing a wide range of asymptomatic hosts, allowing it to maintain populations even during crop rotation (Henry et al., 2019). 
		A total of six isolates were obtained from several samples of wilt-infected cotton plants collected across different survey locations to facilitate a better understanding of the pathogen’s identity and diversity (Table 2). These isolates were subsequently subjected to detailed cultural and morphological characterization, which revealed considerable variability among them. Successful isolation of the pathogen from wilt-affected cotton roots confirms its strong association with the disease under natural field conditions. The half-plate method proved to be an effective technique for pathogen recovery, as it allows selective emergence of fungi from the vascular tissues while minimizing external contamination. This method has been widely recognized for its reliability and reproducibility in studies on cotton wilt pathogens (Asif et al., 2023). Surface sterilization using 2% mercuric chloride followed by repeated rinsing effectively eliminated epiphytic microorganisms, ensuring that only internally colonizing fungi developed. The emergence of fungal growth from sterilized root segments on PDA within seven days indicates active infection and colonization of host vascular tissues, a defining characteristic of wilt-causing pathogens. Morphological identification based on colony appearance and mycelial growth patterns was consistent with established descriptions of Fusarium species reported from cotton and other crops (Zhu et al., 2021). The isolation of six distinct Fusarium isolates from 65 root samples collected across various districts of North Rajasthan highlights the widespread occurrence of the pathogen in the region. Furthermore, the observed variability among isolates suggests adaptation to diverse agro-climatic conditions, reflecting underlying genetic diversity and potential differences in pathogenic behaviour (Davis et al., 2006; Wanger or Wagner? et al., 2021)
All six isolates of Fusarium oxysporum f. sp. vasinfectum exhibited considerable variation in colony morphology and growth characteristics on potato dextrose agar (PDA). Initially, the mycelium developed as a thin layer on the substrate, comprising hyaline, septate hyphae. As growth progressed, the septate hyphae became closely appressed, aligned parallel to each other, and gradually coalesced, losing their distinct identity after a few days. Among the isolates, HGP-2 produced a pinkish-white colony with fluffy growth, whereas SGA-1 exhibited a white colony with dense, fluffy mycelium. CHS-3 was characterized by sparse, thin mycelial growth. In contrast, JHB-1 showed prominent fluffy growth, while SIM-2 developed a white, fluffy colony with a distinct pinkish pigmentation at the centre on PDA. The six isolates of Fusarium oxysporum f. sp. vasinfectum exhibited considerable variation in colony morphology and growth on potato dextrose agar, indicating significant phenotypic diversity within the pathogen population (Zhu et al., 2021). Initially, all isolates produced thin, hyaline, septate hyphae typical of early vegetative growth. With incubation, the hyphae became compact, closely arranged, and parallel, forming dense mycelial mats and indicating colony maturation (Asif et al., 2023). Distinct differences were observed in aerial mycelial density, texture, and pigmentation. HGP-2 showed pinkish-white fluffy growth, SGA-1 produced dense white cottony mycelium, CHS-3 exhibited sparse growth, and SIM-2 developed central pink pigmentation. Such variation in colony characteristics is commonly associated with genetic and physiological differences among isolates (Patel et al., 2020 a or b?), suggesting a diverse pathogen population in the study region.
Morphocultural and microscopic characterization of six Fusarium isolates (HGP-2, SGA-1, CHS-3, BIN-2, JHB-1, SIM-2) revealed marked variability in colony morphology, pigmentation, growth rate, and spore traits, indicating heterogeneity despite shared genus features. Colonies were mostly white to creamy with cottony growth; HGP-2 and SIM-2 showed pink pigmentation, while CHS-3 had sparse mycelium. Growth rates varied among the isolates, the radial growth rate was recorded the highest for CHS-3 (67.86 mm/day), followed by BIN-2 (65.64 mm/day), SGA-1 (56.07 mm/day), JHB-1 (59.41 mm/day), HGP-2 (49.74 mm/day), while SIM-2 exhibited the slowest growth (46.82 mm/day). These differences indicate variability in metabolic activity and adaptability among isolates under in vitro conditions. The morpho-cultural and microscopic evaluation of six Fusarium isolates demonstrated considerable variability in colony morphology, pigmentation, growth rate, and spore characteristics, indicating a heterogeneous pathogen population. Such diversity is widely reported within the Fusarium oxysporum species complex and is often attributed to genetic variation, ecological adaptation, and host–pathogen interactions (Zhu et al., 2021; Asif et al., 2023). Despite these variations, all isolates exhibited key diagnostic features typical of the genus Fusarium, confirming their taxonomic identity. Differences in colony colour and texture observed in this study correspond with earlier findings. Most isolates produced white to creamy-white colonies with dense, cottony mycelium on PDA, whereas HGP-2 and SIM-2 developed pinkish pigmentation. Pigment production in Fusarium is known to vary among isolates and is influenced by genetic and physiological factors. The relatively sparse and fine mycelial growth of CHS-3 further indicates intraspecific variability, consistent with reports from diverse agro-ecological regions (Mourya and Khulbe, 2025). Marked differences in radial growth rates were also recorded, with CHS-3 exhibiting the highest and SIM-2 the lowest growth under uniform in vitro conditions. Such variation may reflect differences in metabolic efficiency, enzymatic activity, and nutrient utilization (Poria et al., 2025). Previous studies suggest that faster-growing isolates may be more competitive on artificial media, although growth rate does not necessarily correlate with virulence (Li et al., 2024). 
Microscopic examination revealed that all isolates produced fusiform macroconidia with blunt ends, a typical feature of Fusarium (Khan et al., 2021). Microconidia were uniformly elliptical across isolates. Macroconidial septation generally ranged from 3–4 septa, while CHS-3 exhibited slightly higher septation (3–5), indicating intra-specific variation. Macroconidial size varied from 24.28 × 5.25 µm (HGP-2) to 35.95 × 6.26 µm (JHB-1). Microconidia ranged from 13.37 × 5.36 µm to 22.26 × 5.11 µm, with larger sizes observed in CHS-3. Chlamydospore dimensions showed minor variation. These findings confirm diversity among isolates while maintaining key taxonomic characteristics, potentially influencing pathogenicity, adaptability, and management response. Microscopic analysis of the Fusarium isolates revealed both conserved features and notable variability, indicating intra-specific diversity. However, variation in macroconidial septation was observed, with isolate CHS-3 showing higher septation (3–5 septa), suggesting phenotypic plasticity influenced by genetic and environmental factors (Zhu et al., 2021). Differences in macro- and microconidial dimensions among isolates further support this variability and align with earlier reports on geographically diverse populations (Khan et al., 2021). In contrast, chlamydospore size showed minimal variation, reflecting its relatively conserved role in survival under adverse conditions (Manawasinghe et al., 2025). 
CONCLUSION
The present investigation comprehensively assessed the incidence, distribution, and variability of Fusarium oxysporum f. sp. vasinfectum, the causal agent of cotton wilt, across major cotton-growing districts in North Rajasthan during the year 2024-2025. Surveys revealed significant spatial and temporal variation in disease incidence, with progressive increases during the 2024–25 Kharif season indicative of soil inoculum build up. Higher prevalence in Hanumangarh, Sri Ganganagar, and Bikaner districts correlated with sandy soils, low organic matter, imbalanced fertilization, and intensive cultivation, while lower incidence in Jhunjhunun and Sikar reflected benefits from crop rotation, organic amendments, and balanced nutrition.
Successful isolation of the pathogen from infected root samples and its subsequent morphocultural and microscopic characterization confirmed the presence of a diverse population of F. oxysporum f. sp. vasinfectum in the region. Considerable variability was observed among the six isolates in terms of colony morphology, pigmentation, growth rate, and spore characteristics, reflecting their adaptability to different agro-ecological conditions. Despite this variability, all isolates retained key diagnostic features typical of the species.. The findings emphasize that the persistence and ecological adaptability of the pathogen, coupled with its genetic variability, pose a significant challenge to effective disease management. The study highlights the critical role of integrated disease management strategies, including improved soil health, crop rotation, and balanced fertilization, in mitigating Fusarium wilt under arid and semi-arid conditions. Top of Form
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Table 1. Survey conducted in cotton-growing districts of North Rajasthan during kharif 2023-24 and 2024-25
	District
	Block
	Soil type
	Cultivars grown
	Agronomic Practices
	Disease Incidence (%)

	
	
	
	
	
	2023-24

	2024-25

	Hanumangarh
	Bhandra
	Sandy loam
	RCH-659 BG-II
	Canal irrigated, moderate N
	18.6
	21.4

	
	Nohar
	Loamy sand
	Ankur 651
	Flood irrigation, high N
	22.3
	25.8

	
	PIlibanga
	Sandy loam
	US-51
	Canal irrigated
	16.9
	19.6

	
	Rawatsar
	Sandy
	RCH-773 BG-II
	Low organic matter
	24.5
	27.2

	
	Sangaria
	Loam
	Rasi 134
	Balanced fertilization
	15.8
	18.3

	Sri Ganganagar











	Anupgarh
	Sandy loam
	RCH-659 BG-II
	Canal irrigated
	14.2
	17.5

	
	Gharsana
	Sandy
	US-81
	Intensive cultivation
	26.8
	29.4

	
	Karanpur
	Clay loam
	Ankur 3028
	Crop rotation followed
	12.5
	14.9

	
	Suratgarh
	Loamy sand
	RCH-776
	High N application
	23.4
	26.1

	
	Padanpur
	Sandy
	Local hybrid
	Poor drainage
	28.6
	31.2

	


Churu
	Rajgarh
	Sandy
	RCH-659
	Limited irrigation
	20.7
	23.5

	
	Ratangarh
	Sandy loam
	Ankur 651
	Conventional practice
	18.9
	21.7

	
	Sardarsahar
	Sandy
	Local Bt
	Low fertilizer
	17.6
	20.2

	
	Srjangarla
	Sandy
	RCH-773
	Moderate irrigation
	21.4
	24.6

	
	Taranagar
	Sandy loam
	Rasi 134
	Balanced practice
	16.8
	19.5

	Bikaner
	Khajuwala
	Sandy
	RCH-659
	Canal irrigated
	19.5
	22.8

	
	Lunkaransar
	Sandy
	Local hybrid
	Poor rotation
	25.6
	28.9

	
	Kalayat
	Sandy loam
	US-51
	Moderate N use
	18.2
	20.4

	
	Nokha
	Sandy
	RCH-773
	Limited irrigation
	21.9
	24.7

	
	Poogal
	Sandy
	Local Bt
	Low organic carbon
	27.8
	30.5

	Jhunjhunun
	Alsisar 
	Loamy sand
	RCH-659
	Irrigated
	14.9
	17.6

	
	Chirawa
	Sandy loam
	Ankur 651
	Balanced fertilizer
	13.8
	16.2

	
	Nawalgarla 
	Loam
	Rasi 134
	Crop rotation
	11.5
	13.9

	
	Buhana 
	Sandy
	US-81
	Conventional
	16.2
	18.4

	
	Khetri 
	Loamy sand
	RCH-776
	Moderate irrigation
	15.6
	18.1

	Sikar
	Sri Madhopur 
	Loam
	Ankur 3028
	Rotation + FYM
	10.8
	13.2

	
	Fatchpur
	Sandy loam
	RCH-659
	Canal irrigated
	12.9
	15.3

	
	Lakshmangarh 
	Loam
	Rasi 134
	Balanced NPK
	11.6
	14.1

	
	Neem ka Thana 
	Loamy sand
	US-51
	Conventional
	13.4
	16.5

	
	Danta Ramgarla 
	Sandy loam
	RCH-773
	Moderate practice
	14.7
	17.3







Table 2. Details of pathogen isolated from different district of North Rajasthan. 
	Sl No. 
	District 
	Isolates code 
	Latitude 
	Longitude

	1
	Hanumangarh
	HGP-2
	29.6260°N
	74.2875 ℃

	2
	Sri Ganganagar
	SGA-1
	29.9038°N
	73.8772°E

	3
	Churu 
	CHS-3
	28.2923°N
	74.9666°E

	4
	Bikaner
	BIN-2
	28.0271°N
	73.3022°E

	5
	Jhunjhunun
	JHB-1
	28.1289°N
	75.3995°E.

	6
	Sikar 
	SIM-2
	27.6154°N
	75.1259°E
























Table 3. Morphocultural and microscopic characteristics of different Fusarium  isolates
	Sl No.
	Isolates
	Colony Colouring
	Colony Character
	Pigmentation

	Growth rate
(mm/day)
	Spore Character
	Spore Septation
	Spore Size (μm)

	
	
	
	
	
	
	Macro-
conidia
	Micro-
conidia
	
	Macro-
conidia
	Micro-
conidia
	Chlamydo-
spore

	1
	HGP-2
	Pinkish white colony
	Cottony dense mycelium
	Pinkish white
	49.74±0.02
	Fusiform with blunt end
	Elliptical
	3-4
	24.28x5.25
	13.55x4.08
	10.87x10.48

	2
	SGA-1
	White colony
	Cottony dense mycelium
	No pigment
	56.07 ±0.11
	Fusiform with blunt end
	Elliptical
	3-4
	25.20x6.35
	13.65x4.18
	11.78x11.38

	3
	CHS-3
	Creamy white colony
	Fine short mycelium
	No pigment
	67.86±0.12
	Fusiform with blunt end
	Elliptical
	3-5
	34.64x6.94
	22.26x5.11
	11.35x11.67

	4
	BIN-2
	White colony
	Cottony dense mycelium
	No pigment
	65.64±0.04
	Fusiform with blunt end
	Elliptical
	3-4
	32.26x5.72
	14.46x5.10
	11.78x10.96

	5
	JHB-1
	White colony
	Short cottony dense mycelium
	No pigment
	59.41±0.07
	Fusiform with blunt end
	Elliptical
	3-4
	35.95x6.26
	13.37x5.36
	10.87x10.56

	6
	SIM-2
	Pinkish white colony
	Short cottony dense mycelium
	Pinkish white
	46.82±0.02
	Fusiform with blunt end
	Elliptical
	3-4
	32.19x5.42
	15.133x5.23
	11.88x11.06
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Fig. 1 Morphology of Fusarium isolates as observed on PDA medium post-inoculation (front and reverse view of culture plate)
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Fig. 2 Microscopic observation of Fusarium isolates on PDA-medium post inoculation 
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