


Phenotypic and Nutritional Profiling of Fusarium oxysporum  f. sp. cubense Under In vitro: Optimal Culture Conditions and Metabolic Diversity

ABSTRACT
Banana (Musa spp.) belongs to the family Musaceae is the important fruit crop of the world which serves as staple and cheap source of carbohydrates. Genus Musa consists of giant herbs, among these Banana CV. Ney Poovan (AB) is the major cultivating species through out south India. This crop is affected by various biotic and abiotic agents, Wilt disease caused by Fusarium Fusarium oxysporum  f. sp. cubense is the destructive one. The present investigation was undertaken to know the preliminary media (Solid and Liquid) and nutritional requirement (Carbon, Nitrogen and Sulphur) of F. oxysporum  f. sp. cubense under invitro conditions. Out of ten solid media evaluated, Richard’s agar (89.55 cm) and Czepek’s dox agar (80.23 cm) found as best media to support the growth of the fungus, least growth was observed in Host extract agar (21.83 cm). In liquid media evaluation, Richard’s broth (336.42 mg) and Potato Dextose broth (300.94 mg) found suitable and low growth was observed in Host extract broth (70.78 mg). In Richard’s agar, fungus produced abundant mycelial growth, smooth margins, white with pink margins, dense centre and flat edges with concentric rings. Among the seven carbon sources, Sucrose (404.28 mg) produced highest dry mycelial weight followed by Fructose (280.31 mg) compared to control (59.19 mg). Regarding nitrogen sources, potassium nitrate yields maximum dry mycelial weight (440.50 mg) followed by Ammonium chloride (421.65) compared to control (105.37 mg). In case of sulphur source as nutrient supplement, magnesium sulphate gives maximum dry mycelial weight (401.37 mg) followed by Ferrous sulphate (322.19 mg) compered to control (33.92 mg). Understanding these specific nutritional requirements help to explore novel management methods, like changing the nutrient content of the host or development of inhibitors which  targets the Fusarium’s specific metabolic pathways.
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1. INTRODUCTION
“As a staple fruit crop and cheap source of carbohydrates, Banana (Musa spp.) comes under the family Musaceae is the most economically important fruit crop in the world. This fruit serving as a staple food and source of income for many developing countries” (Chukwu et al., 2025; Maseko et al., 2024). “Banana is also world’s leading fruit crop and consequently an important export commodity for several  agriculture based economies in Asia, America and African continents and represents the fifth most important agricultural crop in world trade” (Aurore et al., 2009).  
“The genus Musa consists of giant herbs, ranging in  height from 0.8 to 15 m. According to the use and genotype, Bananas can be divided into three categories:  dessert and highland  Bananas  (AAA),  plantains  (AAB) and cooking Bananas (ABB)” (Dadzie, 1998). “Though, it has little fat and protein, it is a rich source of energy and contains all essential nutrients including minerals and vitamin A, B1, B2  and  vitamin  C  and  thus  it is called as ‘Apple of Paradise’ and as well as Adams Fig” (Bose and Mitra, 2001; Vieira et al., 2025; Kumari et al., 2023 and Ranjha et al., 2022).). 
 “In India, Banana  is the second most important fruit crop next to mango. Since, Banana is  being used as food, fibre and for medicinal, cultural and industrial purposes and also gives  high returns to small holders it is referred to as Kalpatharu a plant of virtues. There  are  several fungal, bacterial, viral and nematode diseases recorded on Banana causing serious losses” (Abdoussalami et al., 2023; Dhanyasree et al., 2022). “Among these, Fusarium wilt caused by fungi (Fusarium oxysporum  f. sp. cubense) is serious threat to the Banana cultivation” (Ploetz and Pegg, 1990; Murali et al., 2022; Correll, 1991; and Visser et al., 2010).
“The Fusaruium infects the roots of Banana plants, colonising the vascular system of the plants inducing characteristic symptoms” (Costa et al., 2025; Sasaki et al., 2025 and Thangavelu et al., 2020). “The symptoms including yellowing of older leaves, longitudinal pseudostem spiltting,  drooping of leaves, wilting of the plant and eventually plant dies. It was first reported from South East Queensland, Australia in 1874” (Were et al., 2023; Bancroft, 1876; Kumar and Saxena, 2015). 
Stover (1991), reported this disease in India  for  the  first  time.  Uppal (1993) recorded  “the serious outbreak of Panama wilt disease in Pune”. “In India, the yield loss by this disease was estimated as 30 to 40 per cent and in South India alone from 20 to 90 per cent” (Thangavelu, et al., 1999).  “Nanjangud Rasabale, which has been given the Geographical  Indication  tag  in  Karnataka,  has been almost devastated by wilt diseases, caused by F.  oxysporium f.  sp. cubense.  The  disease was so severe that, it has reduced the area under cultivation of the crop from to  about  100 acres in Mysore region” (Reddy et al., 1992; Sowmya, 1993). “Global Banana production is seriously threatened by the re-emergence of panama wilt by fungus. Since, the pathogen is soil borne in nature,  once it enter into the soil, can survive many years in the soil” (Murali, 2016). 
In vitro evaluation of different solid and liquid media and screening of nutritional requirements are the preliminary and important aspects to know their morphological and cultural behaviour such as sporulation, growth pattern, production of mycotoxin and also helps in understanding their pathogenicity and adaptability. Understanding the specific nutritional requirements help to explore novel management methods, like changing the nutrient content of the host or development of inhibitors which  targets the Fusarium’s specific metabolic pathways. Hence the present study was undertaken to screen different solid and liquid media and nutritional requirements.  
2. MATERIALS AND METHODS 
2.1 Collection of infected samples
A systemic roving field survey was conducted in major Banana growing areas of Southern  Karnataka and infected stem and root samples which exhibiting typical symptoms of Furarium wilt like yellowing leaves, drooping and psuedostem splitting and wilting of whole plant, were collected for isolation of pathogen. Fusarium oxysporium f. sp. cubense was isolated by following the standard protocol. Seven isolates were selected based on geographical region, cultural and morphological characters and named as Foc- sh (Shivamogga), Foc-dv (Davanagere), Foc-ck (Chickmagaluru), Foc-ch (Chitradurga), Foc-dk (Dakshina Kannada), Foc-ud (Udupi) and Foc-ko (Kodagu). Further for different cultural and nutritional variability studies these isolates were used.
2.2 Isolation of F. oxysporum  f. sp. cubenseon different media
The cultural characters of single spore of F. oxysporium f. sp. cubensewere studied on three non-synthetic/semi-synthetic and two synthetic solid and liquid media Carlier et al. (2002). non synthetic or semi synthetic media such as Potato dextrose agar, Sabouraud’s dextrose agar, Carrot dextrose agar, Carnation leaf agar, Corn meal agar, Oat meal agar and Host extract agar and synthetic media like Richard’s agar, Czapek’s (Dox) agar and V8 juice agar were used in this study. Purification of the fungus was done by hyphal tip method described by Brown (1924). “The isolation of the pathogen from collected samples” was carried out according to the protocol of Ainsworth (1971) and Thangavelu et al. (2024).
2.3 Potato dextrose agar (PDA)
“Two hundred grams of peeled and cleaned potato was made into small pieces. Later these pieces were boiled in distilled water and then extract was collected by filtering through muslin cloth. Dextrose 20.0 g and agar 20.0 g each were dissolved in the potato extract and the final volume was made up to 1000 ml with distilled water” (Thangavelu et al., 2024). 
2.4 Sabouraud’s dextroseagar
Dextrose (40.00 g), Peptone (10.00 g), Agar-agar (20.00 g) and Distilled water (1000.00 ml) were dissolved one by one in 400 ml distilled water and agar was dissolved separately in 500 ml distilled water and mixed with the above solution and the volume was made up to one litre and sterilized as described earlier. 
2.5 Carrot dextrose agar
“Two hundred grams carrot tubers were made into small pieces. Later these pieces were boiled in distilled water and then extract was collected by filtering through muslin cloth. Dextrose 20.0 g and agar 20.0 g each were dissolved in the potato extract and the final volume was made up to 1000 ml with distilled water” (Thangavelu et al., 2024). 
2.6 Richard’s agar
“The ready media except Potassium dihydrogen phosphate was dissolved separately in 450 ml of distilled water. Agar melted in 500 ml distilled water was mixed with the above solution. Potassium dihydrogen phosphate was dissolved separately in 50 ml water and mixed together to get and final volume of 1000 ml and sterilized” (Thangavelu et al., 2024).
2.7 Czapek’s (Dox) agar 
Agar-agar was melted in 500 ml distilled water. Ingredients were dissolved in remaining 500 ml distilled water. Two solutions were mixed thoroughly and the volume was made up to 1000 ml and sterilized.
2.8 Carnation leaf agar
Two hundred grams of Carnation leaves were made into small pieces. Later these pieces were boiled in distilled water and then extract was collected by filtering through muslin cloth. Dextrose 20.0 g and agar 20.0 g each were dissolved in the potato extract and the final volume was made up to 1000 ml with distilled water. 
2.9 Host extract agar
“Two hundred grams of Banana stems and leaves were made into small pieces. Later these pieces were boiled in distilled water and then extract was collected by filtering through muslin cloth. Dextrose 20.0 g and agar 20.0 g each were dissolved in the potato extract and the final volume was made up to 1000 ml with distilled water” (Thangavelu et al., 2024). 
2.10 Corn meal agar
Fifty grams of Corn meal powder was boiled in distilled water and then extract was collected by filtering through muslin cloth. Agar 20.0 g each was dissolved in the extract and the final volume was made up to 1000 ml with distilled water. 
2.11 Oat meal agar
Sixty grams of Oat meal powder was boiled in distilled water and then extract was collected by filtering through muslin cloth. Agar 20.0 g each was dissolved in the extract and the final volume was made up to 1000 ml with distilled water. 
2.12 V8 Juice agar
The ready media was melted in 500 ml distilled water. Ingredients were dissolved in remaining 500 ml distilled water. Two solutions were mixed thoroughly and the volume was made up to 1000 ml and sterilized.
“Known quantity of each medium was dispensed into a number of conical flasks and plugged with non-absorbent cotton and finally wrapped with brown paper. The flask containing dispensed medium was sterilized at 1.1 kg/cm2 pressure for 20 minutes. Twenty ml of each medium listed above was poured aseptically into 90 mm diameter Petri plates. After solidification, five mm discs of the F. oxysporum  f. sp. cubense were selected from actively growing culture using a cork borer and a single disc placed at the centre of Petri dish. Each set of experiment replicated three times and they were incubated at 27 ± 1o C for 12 days. Cultural characters such as the colony diameter, colony colour, and sporulation were recorded. The sporulation was graded as follows. The trinocular microscope was used to study the spore shape and size with the help of axiocam and size of the pores are measured under 40x zoom objective lenses” (Thangavelu et al., 2024).
List 1: Grading of the Sporulation in the culture
	Sl. No.
	Conidia/microscopic field (400x)
	Score
	Grade

	1.
	> 75
	++++
	Excellent

	2.
	50-75
	+++
	Good

	3.
	25-50
	++
	Moderate

	4.
	1-25
	+
	Poor

	5.
	---
	-
	No sporulation







2.13 Growth studies of F. oxysporium f. sp. cubense on different liquid media
The composition and preparation of different liquid media used were the same as that of solid media except that the agar was not added. All the liquid media were sterilized and the flasks were inoculated under aseptic condition and were incubated at 27  1°C for 10 days. The mycelial growth harvested, dried and weighed. The best semi-synthetic and synthetic media was found and used as a basal medium for further studies. 
Dry mycelial weight (mg) = Total weight of filter paper along with mycelia – Initial     					weight of filter paper
2.14 Spore Morphology
A loop full of culture of F. oxysporium f. sp. cubense obtained from twelve days old culture was placed on the slide and mixed thoroughly with lactophenol to obtain uniform spread and cover slip was placed. Length and breadth of one hundred spores were measured using motic images in computer (400 X). The average size of the spore was calculated. Similarly, the spores produced in the host leaf tissue were also measured and the average size was calculated.
2.15 Nutritional studies of F. oxysporium f. sp. cubense
Studies on the effect of different carbon, nitrogen and sulpher sources on the growth of the F. oxysporium f. sp. cubense isolates were done in the flask containing of 40 ml Richard’s broth and substituting with different carbon, nitrogen and sulpher sources which are present in the basal medium and pH was adjusted to 6.5. Five mm discs of F. oxysporium f. sp. cubense were inoculated separately into sterilized 100 ml conical flask. After incubation for 10 days at 28 ± 10C at 10 days the mycelial mat of the isolate were harvested and filtered through previously weighed whatman’s No. 1 filter paper washed with distilled water and dried at 500C in hot air oven for 2 days. The dry mycelia mat weight was recorded separately
2.16 Carbon utilization
Dextrose, glucose, manitol, lactose, maltose, fructose and sucrose were used. For this study the carbon in the basal medium (Richard’s solution) was replaced by equivalent amount of the above mentioned carbon source individually. Each treatment was replicated three times. After ten days of incubation dry mycelial weight of the fungus was recorded as described earlier and the data were statistically analyzed. The best carbon source was found out and used for further studies.
2.17 Nitrogen utilization
“Potassium nitrate, sodium nitrate, ammonium sulphate, ammonium chloride, ammonium nitrate and urea were used for the study. The quantity of nitrogen compound used was determined on the basis of their molecular weight so as to provide an equivalent amount of nitrogen as that of potassium nitrate present in the basal medium. Four replications were maintained for each treatment. Flasks were inoculated under aseptic conditions and incubated at 27 ± 1ºC for 10 days. There after mycelial growth was harvested, dry mycelia weights were recorded and the data were analysed statistically” (Thangavelu et al., 2024).
2.18 Sulphur utilization
[bookmark: _GoBack]“In this experiment magnesium sulphate, ammonium sulphate, ferrous sulphate and copper sulphate were used for the study. The quantity of the sulphur compound added was determined on the basis of their molecular weights so as to provide an equivalent amount of sulphur as that of magnesium sulphates present in the basal medium. Four replications were maintained for each treatment. The flasks were inoculated under aseptic conditions and incubated at 27 ± 1ºC for 10 days. There after mycelial growth was harvested, dry mycelial weights were recorded and the data were analysed statistically” (Thangavelu et al., 2024).
3. RESULTS AND DISCUSSION
3.1 Identification of F. oxysporum  f. sp. cubense	
The cultures were identified based on the morphological characters of mycelia and spores. The fungus was white to pink coloured sporulation on Richard’s agar medium and produced the septate mycelium. Microconidia were one or two celled and oval to kidney shaped (Plate 1). Macroconidia were three to five celled, sickle-shaped, thin-walled and delicate. Chlamydospores were round, thick-walled spores. The conidia appeared in pinkish slimy drops on the culture plates. These results are in line with Arpita Das et al. (2012) they collected 24 different isolates of Foc which isolated into pure culture from pseudostem bits of infected banana plants. “Based on morphological characteristics i.e., production of microconidia, macroconidia and chlamydospores and pigmentation the isolates were identified and confirmed as Foc. Morphological and cultural characters such as radial growth, pigmentation, dimensions of spores and hyphae of the isolates from were studied” (Honnareddy and Dubey, 2007 and Dubey et al., 2010).
3.2 Cultural studies of F. oxysporum  f. sp. cubense on different solid media
The maximum sporulation was found in Richard’s agar followed by Carrot dextrose agar, Potato dextrose agar (Table 1 and Plate 2). Whereas poor sporulation was observed in host extract agar media followed by Carnation leaf agar media. In Richard’s agar medium, the fungus produced abundant mycelial growth, dull white in colour with pink at centre and white margin, uniformly flat growth, rough margin with compact mycelia. Based on maximum growth and sporulation Richard’s agar medium was chosen for to study the effect of growth on solid and liquid media, morphological studies and nutritional studies.
Each media has different nutrient components, there by the growth pattern, pigmentation, size of mico and macro conidia was varies accordingly. Sowmya (1993) also observed differences in cultural characters like vegetative growth, colour production and nature of sporulation among five strains of F. oxysporum  f. sp. cubense. (Cha et al., 2007). Mamatha Joshi et al. (2013) identified “thirty nine isolates as F. oxysporum  of tomato on the basis of macro conidia characteristics which were thin walled generally 3-5 septate, fusoid falcate macro conidia with somewhat hooked apex and pedicillate base. The macroconidia of F. oxysporum  were found in the rage of 5.3 to 28.4 µm and the micro conidia were found in the rage of 2.3 to 11.8 µm”.
3.3 Effect of different solid media on the growth of different isolates of F. oxysporum f. sp. cubense
The effect of different solid media on growth of isolates of fungi differed significantly (Table 2). The maximum mean radial growth of F. oxysporum  f. sp. cubense was recorded significantly higher on Richard’s agar medium (89.55 mm) irrespective of isolates of Foc followed by Carrot dextrose agar (82.97 mm), Czepek’s Dox agar (80.23 mm), Potato dextrose agar (73.81 mm), Corn meal agar (72.89 mm), V8 Juice agar (69.70 mm), Sabouraud’s dextrose agar (69.39 mm) and Oat meal agar (67.17 mm). While, least radial growth noticed onhost extract agar (21.83 mm) followed by Carnation leaf agar (39.43 mm). 
The least radial growth of all the seven isolates was recorded on host extract agar medium. The isolates Foc-dk and Foc-ud recorded same maximum radial growth (25.56 mm) followed by Foc-dv (22.44 mm), Foc-ck (19.33 mm) and Foc-ko (18.42 mm) isolate, Whereas, least radial growth was recorded in Foc-sh (16.21 mm) isolate. On Host extract agar medium, isolate Foc-dk and Foc-ud (25.56 mm) produced significantly superior growth over all other five isolates. Irrespective of all isolates, the maximum radial growth was recorded in Foc-dk  (69.43mm) followed by Foc-ch (69.38 mm) and least radial growth was recorded in Foc-ud (64.23 mm) isolate.
3.4 Effect of different liquid media on the growth of F. oxysporum  f. sp. cubense isolates
Among the interaction of isolates and different liquid media statistically significant differences were obtained (Table 3). Maximum mean dry mycelial weight of F. oxysporum  f. sp. cubense was recorded in Richard’s broth (336.42 mg) irrespective of isolates of Foc, which was found to be significantly superior over all the tested broths. Next best basal media was Carrot dextrose broth (325.65 mg) followed by Potato dextrose broth (300.94 mg), Corn meal broth (227.13 mg) and least growth was recorded in host extract agar medium (70.87 mg).
On Richard’s broth, the maximum dry mycelial weight was recorded in  Foc-ch (342.22 mg)isolate followed by Foc-ud (341.22 mg), and least dry mycelial weight was recorded in Foc-dk (330.57 mg) isolate. The least dry mycelial weight of all the seven isolates was recorded on host extract broth. Irrespective of all isolates the maximum dry mycelial weight was recorded in Foc-ko (231.41 mg) isolate, followed by Foc-ck (224.79 mg) and  least dry mycelial weight was recorded in the isolate Foc-ch (203.30 mg) isolate. 
Sowmya (1993) tried seven different solid media for the growth on Fusarium oxysporum  f. sp. cubense of Banana and revealed that, maximum radial growth and sporulation was recorded in Potato sucrose agar (71.71 mm) followed  Richard’s agar (65.21mm) and least radial growth was recorded in psuedostem extract agar (59.84 mm).  
Lishma and Cherian (2020) collected thirty isolates Fusarium oxysporum  f. sp. cubense (Foc) from different banana growing regions of Kerala. The isolates were grown on half strength PDA medium. The isolates showed extreme variations in their cultural and morphological characters with respect to colour of mycelium, pigmentation and size of micro and micro conidia when grown on PDA.
Fusarium species exhibit different growth pattern and morphological characteristics on various synthetic and non synthetic media. This was mainly due to differences in the nutrient content, pH and the presence of inhibitory agents or growth factors in each medium. Media vary greatly in their composition of micro and macro nutrients. Some media are rich in organic compounds helps in abundant growth and sporulation of many Fusarium species.
The media which have poor nutrient like host leaf extract Leaf Agar (CLA) may encourage the production inhibitory compounds. The alkalinity or acidity of the media also affect the growth of the fungus fungal growth, as different metabolic activities occur optimally within specific pH ranges. Fusarium generally grows well over a wide range of pH (3.0 to 8.0). Media composition is key factor while other during incubation interact with the medium to affect growth such as temperature, moisture and water availability is very crucial for most of Fusarium species. 
3.5 Nutritional studies of F. oxysporum  f. sp. cubense
3.5.1 Carbon utilization
The results revealed that, the effect of different carbon sources on the growth  of the fungus was significant compared with control. Maximum mean dry mycelial  weight was recorded in Sucrose (404.28 mg) followed by Fructose (280.31 mg), Glucose (263.01 mg), Maltose (246.73 mg), Dextrose (245.95 mg) and Manitol (238.67 mg). Whereas, the minimum dry mycelial weight was recorded in lactose (163.84 mg). Among all carbon sources, Sucrose (404.28 mg) was significantly found to be best source of carbon for the fungus growth over control (59.19 mg).
Irrespective of carbon sources the maximum mean dry mycelial weight was recorded in Foc-dk (255.43 mg) followed by Foc-ck (252.18 mg), Foc-ko (249.08 mg), Foc-ch (241.30 mg), Foc-ud (240.24 mg) and Foc-sh (221.54 mg) isolates. Whereas, the minimum mean dry mycelial weight was recorded in Foc-dv (204.47 mg) isolate.The isolate Foc-dk s recorded maximum dry mycelial weight (255.43 mg) which was significantly superior over all other isolates.
The present findings were in confirmation with, Somu et al. (2014) who conducted “an experiment to know the effect of seven carbon sources on growth of three different isolates of Fusarium oxysporum  f. sp. cubense in Richard’s broth and Czapek’s broth”. The maximum mean dry mycelia weight was recorded in sucrose (454.40 mg) followed by fructose (368.23 mg) and least mean dry mycelial weight was recorded in lactose (189.53 mg) in Richard’s media. 
Different carbon, nitrogen, and sulphur sources yield different growth rates in Fusarium species because the ability of the fungus to utilize these nutrients depends on its specific metabolic pathways, enzymatic capabilities, and resource allocation strategies. The efficiency of nutrient assimilation directly affects biomass production and development. 
Fusarium able to secrete specific extracellular enzymes such as cellulase, amylase, and protease which break down complex nutrient sources into simple molecules so that can be easily absorbed. Different Fusarium species and even isolates possess different kinds and levels of these enzymes. The internal metabolic pathways for processing absorbed nutrients vary in efficiency. Preferred sources, like glucose and dextrose for carbon, require less energy and to utilize compared to non preferred sources. The type of Carbon source can also influence the type of energy metabolism the fungus uses such as aerobic respiration, denitrification, or fermentation.
3.5.2 Nitrogen utilization
The results revealed that, effect of different nitrogen sources on growth of the fungus was significant in comparison with control. Potassium nitrate (440.50 mg) recorded maximum mean dry mycelial weight followed by ammonium chloride (421.65 mg), ammonium sulphate (197.89 mg), sodium nitrate (187.51 mg) and urea (119.45 mg). Whereas, ammonium nitrate (34.17 mg) was recorded least dry mycelial weight. Among all sources, potassium nitrate (440.50 mg) was significantly found to be best source of nitrogen for the fungus growth over control (105.37 mg).
Irrespective of nitrogen sources the maximum mean dry mycelial weight was recorded in Foc-ch (242.16 mg) followed by Foc-ck (230.07 mg), Foc-ud (225.01 mg), Foc-sh (209.31 mg), Foc-ko (202.68 mg) and Foc-dk (201.30 mg)isolates. While, the minimum mean dry mycelial weight was recorded in the isolate Foc-dv (196.01 mg) isolate. The isolate Foc-ch recorded maximum dry mycelial weight (242.16 mg) which was significantly superior over all other isolates.
The results were in accordance with Imran Khan et al. (2011) who revealed that, the maximum growth of the Fusarium oxysporum  f.sp. ciceri was observed in potassium nitrate (504.00 mg) followed by alanine (474.00 mg) and least on ammonium nitrate (354.00). Similarly, Bhatnagar et.al. (1968) in case of Fusarium oxysporum  f.sp. aurentifoliae which showed good growth on D-leucine and aspargine. 
The assimilation of certain nitrogen sources can alter the surrounding media pH, in turn affects fungal growth. The use of certain ammonium compounds can lead to media acidification, which may inhibit growth or promote the formation of specific dormant spore such as chlamydospores. Some sources may also lead to the accumulation of metabolic byproducts that are toxic or inhibit further growth.
3.5.3 Sulphur utilization 
Among the tested sources of sulphur, magnesium sulphate recorded highest dry mycelial weight (401.37 mg) followed by ferrous sulphate (322.19 mg), and ammonium sulphate (319.84 mg). Whereas, copper sulphate (33.92 mg) showed least dry mycelial weight compared to control (147.87 mg). Among all sources magnesium sulphate (401.37 mg) was found to best source of sulphur for fungus growth.
Irrespective of sulphur sources the maximum mean dry mycelial weight was recorded in Foc-ch (262.98 mg) followed by Foc-dv (244.39 mg), Foc-dk (243.30 mg), Foc-sh (242.14 mg), Foc-ck (242.05 mg) and Foc-ud (240.97 mg) isolates. While, the minimum mean dry mycelial weight was recorded in Foc-ko (239.41 mg) isolate. The isolate Foc-ch recorded maximum dry mycelial weight (262.98 mg) which was significantly superior over all other isolates.
Nutrient availability influences how the fungus allocates its resources between vegetative growth mycelium production, sporulation and the production of secondary metabolites like mycotoxins, pigments. High C:N ratios can reduce macroconidial formation, while nitrogen starvation can trigger the production of certain secondary metabolites like bikaverin or gibberellins.
The regulation of genes involved in nutrient utilization is a complex process involving global and pathway-specific transcription factors that respond to environmental signals. These genetic differences among Fusarium species/strains determine which nutrient forms they can optimally sense and exploit. 
Conclusion 
The present investigation on the cultural characterization and nutritional variability studies of  Fusarium oxysporum  f. sp. cubense isolates causing wilt in Banana unveil significant variability in their physiological and metabolic properties. All isolates were exhibited diverse cultural characterization and nutritional variability biochemical reactions, including differences in growth pattern in different media, sporulation in solid and liquid media, utilization of various carbon, nitrogen and sulphur sources. Understanding of these features gives valuable insights into the mechanisms of virulence and survival of pathogens under changing climatic conditions. Further, molecular characterization using PCR based detection, sequencing, and phylogenetic analysis can be applied to supplement cultural studies. 
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Table 1: Cultural characteristics of F. oxysporum  f.sp. cubense (Foc-sh isolate) on different solid medium
	Sl. No.
	Medium
	Growth Characters

	1. 
	Potato dextrose agar
	Abundant mycelial growth, dull white with pink at centre and white margin, uniformly flat growth, rough margin, compact mycelia

	2. 
	Sabouraud’s dextrose agar
	Moderate mycelial growth, pure white, pink centre, flat edges, Smooth margin, puffy growth

	3. 
	Corn meal agar
	Less mycelial growth, superficial scattered small cottony growth

	4. 
	Oat meal agar
	Moderate mycelial growth cottony white growth, dull white margin and flat edges with 

	5. 
	V8 juice agar
	Moderate mycelial growth, pinkish colour cottony growth, flat edges with concentric ring

	6. 
	Richard’s agar
	Abundant mycelial growth, smooth margins, white with pink margins, dense centre and flat edges with concentric rings

	7. 
	Czepek’s dox agar
	Abundant mycelial growth, white with pink centre, dull white margin uniformly dense with raised growth

	8. 
	Carnation leaf agar
	Poor cottony mycelia growth with patchy appearance

	9. 
	Host extract agar
	Small patchy growth of mycelia at the centre

	10. 
	Carrot dextrose agar
	Abundant mycelial growth, white with pink margin, uniformly flat growth, rough margin and raised growth.






Table 2 : Growth of F. oxysporum  f. sp. cubense isolates on different solid media.
	
Sl.No.
	Solid media
	Radial growth (mm)

	
	
	Isolates

	
	
	Foc sh
	Foc dv
	Foc ch
	Foc ck
	Foc dk
	Foc ud
	Foc ko
	Mean

	1
	Potato dextrose agar
	90.00*
	75.22
	65.12
	78.54
	75.22
	62.42
	70.18
	73.81

	2
	Sabouraud’s dextrose agar
	58.11
	66.22
	73.66
	70.18
	80.54
	61.78
	75.22
	69.39

	3
	Corn meal agar
	80.54
	70.44
	78.54
	80.44
	72.18
	52.62
	75.48
	72.89

	4
	Oat meal agar
	56.25
	71.2
	75.14
	68.18
	65.58
	65.36
	68.5
	67.17

	5
	V8 juice agar
	71.25
	63.54
	73.23
	79.87
	62.21
	70.36
	67.42
	69.70

	6
	Richard’s agar
	90.00
	90.00
	90.00
	90.00
	87.58
	90.00
	89.26
	89.55

	7
	Czepek’s dox agar
	78.42
	76.22
	76.41
	72.21
	84.42
	88.44
	85.46
	80.23

	8
	Carnation leaf agar
	20.22
	40.42
	50.62
	28.87
	55.31
	45.32
	35.25
	39.43

	9
	Host extract agar
	16.21
	22.44
	25.26
	19.33
	25.56
	25.56
	18.42
	21.83

	10
	Carrot dextroe agar
	86.14
	80.42
	85.84
	86.44
	85.66
	80.44
	75.88
	82.97

	
	Mean
	64.71
	65.61
	69.38
	67.41
	69.43
	64.23
	66.11
	66.70


Note: * Indicated values are the means of replication of respective treatments 
	
	S.Em±
	C.D @ 1%

	Solid media (M)
	0.412
	1.152

	Isolates (I)
	0.344
	0.964

	M  x I
	1.089
	3.048





Table 3 : Growth of F. oxysporum  f. sp. cubense isolates on different liquid media.
	
S.N
	Liquid media
	Dry mycelial weight (mg)

	
	
	Isolates

	
	
	Foc sh
	Foc dv
	Foc ch
	Foc ck
	Foc dk
	Foc ud
	Foc ko
	Mean

	1
	Potato dextrose broth
	308.33*
	271.99
	292.55
	273.54
	332.55
	322.44
	305.22
	300.94

	2
	Sabouraud’s dextrose broth
	121.58
	213.65
	171.15
	222.2
	131.75
	135.25
	191.25
	169.54

	3
	Corn meal broth
	232.56
	173.93
	235.15
	282.15
	213.28
	205.95
	246.89
	227.13

	4
	Oat meal broth
	172.15
	143.9
	225.75
	168.46
	181.8
	132.28
	192.35
	173.81

	5
	V8 juice broth
	231.85
	208.57
	211.75
	230.88
	180.59
	230.9
	251.45
	220.85

	6
	Richard’s broth
	340.29
	332.78
	342.22
	328.44
	330.57
	341.22
	339.46
	336.42

	7
	Czepek’s dox broth
	221.56
	236.27
	115.51
	252.11
	213.12
	124.76
	265.34
	204.09

	8
	Carnation leaf broth
	93.57
	75.45
	82.12
	85.28
	87.34
	85.75
	106.15
	87.95

	9
	Host extract broth
	62.58
	75.36
	63.75
	82.67
	72.66
	68.55
	70.56
	70.87

	10
	Carrot dextrose broth
	348.67
	331.78
	293.14
	322.23
	343.56
	294.78
	345.43
	325.65

	
	Mean
	213.31
	206.36
	203.30
	224.79
	208.72
	194.18
	231.41
	211.72


Note: * Indicated values are the means of replication of respective treatments 
	
	S.Em±
	C.D @ 1%

	Solid media (M)
	1.951
	5.461

	Isolates (I)
	1.632
	4.569

	M  x I
	5.162
	14.448








Table 4 : Effect of different carbon sources on the growth of Fusarium oxysporum  f. sp. cubense isolates.
	Carbon sources
	Dry mycelial weight (mg)
	Mean

	
	Isolates
	

	
	Foc sh
	Foc dv
	Foc ck
	Foc ch
	Foc dk
	Foc ud
	Foc ko
	

	Sucrose
	376.40*
	378.35
	452.25
	376.12
	480.19
	382.18
	384.51
	404.28

	Dextrose
	220.56
	196.77
	242.70
	218.70
	265.37
	252.75
	324.86
	245.95

	Glucose
	261.15
	256.35
	268.29
	286.18
	278.15
	218.45
	272.51
	263.01

	Manitol
	278.57
	230.55
	217.59
	222.17
	225.15
	238.45
	258.23
	238.67

	Fructose 
	243.57
	190.20
	281.70
	313.60
	248.17
	372.23
	312.76
	280.31

	Maltose
	117.67
	182.63
	325.50
	315.90
	354.54
	198.32
	232.55
	246.73

	Lactose
	212.15
	145.75
	172.25
	136.50
	132.57
	195.37
	152.35
	163.84

	Control
	62.00
	55.16
	57.22
	61.24
	59.36
	64.22
	54.88
	59.19

	Mean
	221.54
	204.47
	252.18
	241.30
	255.43
	240.24
	249.08
	237.75


Note: * Indicated values are the means of replication of respective treatments 
	
	S.Em±
	C.D @ 1%

	Solid media (C)
	1.138
	3.194

	Isolates (I)
	1.065
	2.987

	C  x I
	3.011
	8.450














Table 5 : Effect of different nitrogen sources on the growth of F. oxysporum  f. sp. cubense isolates.
	Nitrogen
sources
	Dry mycelial weight (mg)
	Mean

	
	Isolates
	

	
	Foc sh
	Foc dv
	Foc ck
	Foc ch
	Foc dk
	Foc ud
	Foc ko
	

	Sodium nitrate
	195.16*
	176.27
	186.25
	240.15
	171.45
	212.17
	131.15
	187.51

	Ammonium sulphate
	213.15
	185.31
	192.45
	236.35
	181.50
	238.27
	138.26
	197.89

	Ammonium nitrate
	32.72
	31.80
	38.12
	35.30
	31.90
	35.15
	34.20
	34.17

	Ammonium chloride
	410.25
	350.15
	465.17
	472.50
	385.35
	410.45
	457.70
	421.65

	Potassium nitrate
	395.35
	391.50
	482.23
	495.12
	412.25
	460.35
	446.75
	440.50

	Urea
	112.75
	126.50
	131.15
	113.50
	128.17
	115.15
	108.95
	119.45

	Control
	105.80
	110.57
	115.15
	102.25
	98.50
	103.57
	101.75
	105.37

	Mean
	209.31
	196.01
	230.07
	242.16
	201.30
	225.01
	202.68
	215.22


Note: * Indicated values are the means of replication of respective treatments 
	
	S.Em±
	C.D @ 1%

	Nitrogen Source (N)
	1.964
	5.520

	Isolates (I)
	1.853
	5.618

	N x I
	5.196
	14.605





Table 6 : Effect of different sulphur sources on the growth of Fusarium oxysporum  f. sp. cubense isolates.
	Sulphur sources
	Dry mycelial weight(mg)
	Mean

	
	Isolates
	

	
	FoC sh
	FoC dv
	FoC ck
	FoC ch
	FoC dk
	FoC ud
	FoC ko
	

	Magnesium sulphate
	403.10*
	418.20
	413.15
	421.50
	391.15
	380.25
	382.25
	401.37

	Ammonium sulphate
	295.24
	308.15
	342.27
	362.35
	312.24
	306.18
	312.46
	319.84

	Ferrous sulphate
	332.51
	325.61
	265.22
	353.25
	321.92
	331.46
	325.37
	322.19

	Cuprous sulphate
	33.57
	30.57
	31.25
	35.17
	38.55
	36.18
	32.15
	33.92

	Control
	146.32
	139.44
	158.36
	142.66
	152.68
	150.78
	144.86
	147.87

	Mean
	242.14
	244.39
	242.05
	262.98
	243.30
	240.97
	239.41
	245.03


Note: * Indicated values are the means of replication of respective treatments 
	
	S.Em±
	C.D @ 1%

	Sulphur source (S)
	1.091
	3.084

	Isolates (I)
	1.291
	3.649

	S x I
	2.887
	8.160
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Plate 1 : Sporulation grade and different spores of F. oxysporum  f.sp. cubense
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Plate 2: Morphological characteristics of Fusarium oxysporum  f. sp. cubense (Foc-sh isolate) on different solid media
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Plate : Sporulation grade fo 7 oxysparan 1. sp. Cuense.





image2.jpeg




image3.jpeg
Treatment details:

T-1. Potato dextrose agar T-2. Sabouraud’s dextrose agar T-3. Corn meal agar T-4. Oat meal agar T-5. V8 juice agar

T-6. Richard’s agar T-7. Czapek’s (Dox) agar T-8. Carnation leafagar T-9. Host extract agar T-10. Carrot dextrose agar

Plate 8: Morphological characteristics of F. oxysporum f.sp. cubense (Foc-sh isolate) on different solid
media




