Diversity Assessment of Curvularia Species through Morphological, Physiological, Pathological and Metabolomic Analyses

ABSTRACT 
Aims: Curvularia species are significant phytopathogens distributed worldwide. This pathogen can infect wide range of crops causing leaf spot, blights and grain mold. The present study intended to understand morphological and physiological variations among Curvularia isolates. It is also aimed at cellular and secretory metabolite profiling to assess variations. 
Study design: Morphological features, including colony and conidial characteristics on different media and physiological parameters like secretory enzymes, phytotoxicity, and metabolite production were analysed to understand variations among the isolates of Curvularia species.
Place and duration of study: Department of Microbiology, Davangere University, Davangere, Karnataka, from August 2021 to December 2023.
Methodology: Morphology of colony and conidial characteristics were studied on potato dextrose agar (PDA), Czapek-Dox agar (CZA), Sabouraud’s dextrose agar (SDA), and Malt extract agar (MEA) media. Secretion of amylase, cellulase and pectinase enzymes were assayed on agar plate by incorporating suitable substrate in the medium. Phytotoxicity of the isolates were evaluated on the leaves by detached leaf bioassay. Effect of the isolates on germination of sorghum seeds and seedling vigour were evaluated. Metabolite profile of cellular and secretory extracts was analysed by thin-layer chromatography and UV-Visible spectroscopy.  
Results: Morphological and physiological differences were evident among the isolates of Curvularia species. Variations in colony growth of C. clavata and C. lunata isolates (PDA and MEA) and C. fallax isolates (SDA), were found. The highest colony diameter of 89+0.5 mm was shown in C. clavata DUMB 137. The least colony diameter was noticed in C. lunata DUMB 145. Differences in colony diameter were also conspicuous among the species of Curvularia. Colony morphological differences among C. clavata and C. lunata isolates were found on PDA and MEA. Distinct conidial characteristics in shape, colour and size were apparent on all the media. All Curvularia species exhibited variations in secretion of amylase and pectinase. The highest amylase Enzyme Index (EI) of 2.29 was shown by C. clavata DUMB 132 and least 0.83 by C. lunata DUMB 141. Isolates of C. clavata showed higher phytotoxic effect than C. lunata and C. fallax. Variations in the effect of Curvularia species on sorghum seed germination were found. An isolate of C. fallax was highly pathogenic on sorghum, significantly reducing seedling vigour index to 806 as against control (1704). A distinct metabolite profile among isolates of Curvularia was detected. Unique compounds with different absorption maxima were detected by UV-Visible spectroscopy. 
Conclusion: Inter- and intra-specific variations in the morphology and physiology of Curvularia species were evident. These variations aid in the identification of the species and contribute to a deeper understanding of the diversity and adaptability of Curvularia species on different hosts. Such analyses would help in chemotaxonomy, bio-surveillance and management of diseases caused by Curvularia.
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1 INTRODUCTION 
Phytopathogenic fungi show extensive variability owing to genetic recombination. Methods have been developed to differentiate plant pathogens though the mechanisms of variations are not clearly understood. Curvularia spp. are phytopathogenic fungi widely distributed. These are involved in spot blotch disease of wheat, grain discoloration of paddy, grain-mold in sorghum, leaf spot disease of maize and diseases on several other crops (Ackerman et al., 2021; Chhabra and Vij, 2019; Gupta et al., 2018; Wang et al., 2022). These fungi are also known to cause infection of subcutaneous tissue in humans (Thambugala et al., 2024). They can also be saprophytes, endophytes and are reported to be found in air, soil and freshwater (Marin-Felix et al., 2017). Curvularia is a complex organism that shares morphological similarity with the helminthosporoid genus Bipolaris. Cochliobolus is the common sexual state of both Curvularia and Bipolaris genera (Manamgoda et al., 2015; Marin-Felix et al., 2020). The widespread distribution of Curvularia spp. is largely attributed to its adaptability to a diverse range of environmental factors and many new species are being reported (Tan et al., 2018).
Genetic changes due to mutations, gene flow and recombinations, parasexuality or sexual reproduction lead to the development of a new species with morphological and physiological modifications (Burdon and Silk, 1997). Applications of standard techniques provide a perception into the source of variations (Taylor et al., 2017). Moreover, the variability studies involving morphological, physiological and ecological aspects are essential to understand the diversity of pathogenic populations. Biochemical variations among fungal pathogen populations provide insightful information. A polyphasic approach in understanding filamentous fungi is essential (Quaedvlieg et al., 2014; Ferdinandez et al., 2021; Wang et al., 2022). Such comparative studies are not conducted in Curvularia spp. The present study aimed to understand morphological, physiological, pathological and metabolite variations among different species of Curvularia. Inter- and intra-specific variations in Curvularia are also addressed, providing possible methods of differentiation.
2 MATERIALS AND METHODS
2.1 Isolation and identification of Curvularia species
Infected leaves and seeds of various crops were collected from different regions of Davangere District, Karnataka, India. Leaves of maize (Zea mays L.) and Bengal day flower (Commelina benghalensis L.), and seeds of sorghum (Sorghum bicolor (L.) Moench), finger millet (Eleusine coracana (L.) Gaertn) were used for the study. For the isolation of fungi from the infected plant samples, the standard blotter method was followed (Neergaard, 1977). The plant samples were placed on the moistened blotting paper separately and incubated for up to five days. The samples were observed through the stereo-binocular microscope (Magnus MS-24) and the fungi that emerged from the surface were collected.  Monoconidial cultures of the isolates were established by isolating a single germinating conidium from the water agar medium and then inoculating to the PDA medium to get pure culture (Goh, 1999). Identification of the fungi was based on the cultural characteristics, hyphae and conidial morphology. The fungi were sporulated on water agar medium containing sterilized grass leaf fragments. The conidia were stained with cotton blue in lactophenol and observed under a compound microscope (Olympus GB model). Observation of 100 conidia were considered for their shape, septations and colour. Size measurements were done by micrometry. Isolates were identified based on the parameters considered for the identification of Curvularia species ( Sivanesan, 1987; Manamgoda et al., 2015). Selected Curvularia isolates were used for further characterization.
2.2   Determination of colony growth, morphology and conidial characteristics of Curvularia species on different media
Colony growth and morphology of Curvularia spp. were studied on four different media. The isolates were inoculated on potato dextrose agar (PDA), Czapek-Dox agar (CZA), Sabouraud’s dextrose agar (SDA) and malt extract agar (MEA) media. The plates were incubated at 25°C± 2°C for eight days in a BOD incubator (Model CI-3S, Remi Instruments Ltd). Colony diameter of the isolates was measured at every 24 h. of incubation to asses colony growth up to 120 h. Colony and conidial morphological characteristics were observed on the eighth-day of incubation. Conidia were stained with cotton blue in lactophenol and observed under a compound microscope (Olympus GB model). Conidial shape, number of septa, colour, and size were considered for the study. The experiment was performed in triplicate and mean value and standard error were calculated.
2.3 Detection of secretory enzymes among Curvularia species by agar plate assay 
Amylase, cellulase and pectinase enzyme secretion from different isolates of Curvularia spp. was assessed on modified Czapek-Dox agar medium separately. The primary carbon source of the medium sucrose was replaced by suitable substrates for the detection of enzymes like starch for amylase, carboxymethyl cellulose for cellulase and pectin for pectinase. Plates were incubated up to 72 h. and stained with 1.5% Gram’s iodine for five mins. to observe zone of hydrolysis around the colony (Kasana et al., 2008). The activity of enzyme secretion was calculated as the ratio of the zone of hydrolysis to the colony diameter and the result was represented as Enzyme Index (EI). The test was carried out in triplicate and values were used to calculate mean and standard error. 
2.4 Detection of phytotoxicity in Curvularia species by detached leaf bioassay  
The phytotoxic effect of the isolates of Curvularia were assessed on monocot and dicot leaves by the detached leaf bioassay method. Monocot leaves of maize, sorghum, finger millet, and dicot leaves of lobster claw (Heliconia sp.), paper flower (Bougainvillea sp.), pigeonwood (Plumeria alba L.) were selected. The fungi were cultured on potato dextrose broth for five days and the mycelium was separated by filtration. The culture filtrate (20 μL) was placed on the needle-scratched area of leaves. Potato dextrose broth placed on the scratched leaf area served as a control. Inoculated leaves were placed in a moist chamber and observation was made for symptom development at regular intervals for up to 72 h. of incubation.  
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The effect of Curvularia isolates on sorghum seed germination and seedling growth were determined by the paper towel method. Seeds were pre-treated by soaking in gum arabic slurry (2%) for 15 mins. Pre-treated sorghum seeds were coated with a seven-day-old culture of different isolates separately grown on PDA. Seeds pre-treated with only gum arabic were taken as a control. Sorghum seed germination was assessed on the fourth and tenth day, corresponding to the first and the second counts respectively. The average root length (ARL), average shoot length (ASL) of normal seedlings and seed germination (%) were assessed. Seedling vigour was expressed as vigour index (VI), calculated using the formula. 
Vigour Index (VI)= (Average Root Length+ Average Shoot Length) x Seed Germination (%)
Results of Curvularia isolates on sorghum seed germination was analysed by Duncan’s Multiple Range Test using an online statistical tool GRAPES 1.1.0 (https://www.kaugrapes.com) (Gopinath et al., 2021).
2.6 Metabolite profiling of Curvularia species by thin-layer chromatography and UV-visible spectroscopy
The isolates of Curvularia were cultured in Czapek-Dox broth (30 ml) in a 100 ml conical flask for five days. The fungal biomass and the culture filtrates were collected separately by filtration. For cellular extracts, the fungal biomass was soaked in ethyl acetate overnight. The ethyl acetate soluble cellular extracts were collected separately. For secretory compounds, culture filtrate and ethyl acetate (1:2, v/v) was mixed thoroughly in a separating funnel. The lower layer which had ethyl acetate soluble secretory compounds were separated. The extracts were evaporated to dryness for harnessing compounds in a dried form.    
2.6.1 Thin-layer chromatography: The glass plates (20 x 20 cm) were coated with Silica gel-G (particle size 40µm), dried and activated at 100°C for 45 min. The dried form of the cellular and secretory extract of Curvularia isolates were redissolved in a minimum amount of ethyl acetate and loaded on the TLC plates. The compounds present in the extracts were separated using a solvent mixture of toluene-ethyl acetate-acetic acid (60:40:1, v/v). Various compounds separated on the plate was detected by four different methods- i) plate observed in visible light for the detection of coloured compounds, ii) exposing plate to UV light for the detection of UV- fluorescing compounds, iii) exposing plate to iodine vapours for the detection of iodine-reacting compounds, iv) spraying plate with acid mixture (sulphuric acid: anisaldehyde: ethanol, 10:10:80, v/v) and then heating at 800C for 20 mins for the detection of acid derivatized compounds. The retention factor (Rf) value of each spot was calculated as the ratio of the distance moved by the solvent to the distance moved by the solute (Berestetskiy et al.,2020).  
2.6.2 UV-Visible spectroscopy: To detect different compounds in ethyl acetate soluble extracts from Curvularia spp., UV-Visible spectroscopy was carried out. Fifty microlitres of each cellular and secretory extract was taken in microtiter plate and was subjected to wavelength scan (200 to 800 nm) in a UV-Visible plate reader (Multiskan SKY, Thermo-fisher Scientific, Singapore). The absorption spectra of each analyte were recorded. The compounds with absorption maxima in different wavelengths of light were noted. 
3. RESULTS AND DISCUSSION
3.1 Isolation and identification of Curvularia species
Based on the observation of colony and conidial morphology, fungal isolates were identified as different Curvularia species. Sources of these Curvularia isolates are shown (Table 1). In C. clavata, conidia were straight or rarely slightly curved, clavate shaped, always 3-distoseptate, brown to dark brown in colour, measuring 20-30 x 7-13 μm. In C. fallax, conidia were slightly curved or straight, fusiform or ellipsoidal shaped, always 4-distoseptate, uncinated with paler end cells and pale brown to brown coloured intermediate cells, measuring 25-38 x 8-15 μm. In C. lunata, conidia were crescent, ellipsoidal in shape, 3-distoseptate, with the third cell from the base is larger and darker, end cells pale brown and the intermediate cell dark brown, measuring 18-30 x 9-15 μm. 
Different species of Curvularia were capable of infecting various crops. Curvularia clavata was found to be associated with finger millet, rice and pineapple (Khemmuk et al., 2016; Odeph et al., 2021; Zhong et al., 2016). Similarly, C. fallax was detected in sorghum seeds (Navi et al., 1999). The other species, C. lunata has been found in maize and finger millet (Odeph et al., 2021; Wang et al., 2022). All these species of Curvularia are potential pathogens in different crops. Three species of Curvularia were successfully isolated from different plants including their respective host plants. Comparison of different isolates from various hosts provides useful information on variability. 





Table 1: Isolates of Curvularia species and their origin. 
	Curvularia isolates
	Source
	Plant part

	Curvularia clavata Jain DUMB 132
	Maize
(Zea mays)

	Leaves

	Curvularia clavata Jain DUMB 135
	
	

	Curvularia clavata Jain DUMB 137
	
	

	Curvularia clavata Jain DUMB 146
	Sorghum
(Sorghum bicolor)
	Seeds

	Curvularia clavata Jain DUMB 147
	
	

	Curvularia clavata Jain DUMB 148
	
	

	Curvularia fallax Boedijn DUMB 127
	Bengal day flower
(Commalena benghalensis)
	Leaves

	Curvularia fallax Boedijn DUMB 128
	Maize
(Zea mays)
	Leaves

	Curvularia lunata (Walker) Boedijn DUMB 141
	
	

	Curvularia lunata (Walker) Boedijn DUMB 145
	Finger millet
(Eleucine coracana)
	Seeds


DUMB- Davangere University Microbiology (DUMB) culture collection numbers
3.2 Determination of colony growth, morphology and conidial characteristics of Curvularia species on different media 
       	Colony growth: Curvularia isolates started growing on all culture media tested by 24 h. of incubation. Colony growth was expressed as colony diameter of individual isolate on each medium (Fig. 1). On PDA medium, C. clavata, DUMB 137 exhibited the highest colony diameter of 89±0.5 mm with the fastest growth rate of 18 mm/day. The isolate DUMB 148 showed the lowest colony diameter of 64±1.5 mm with the slowest growth rate of 13 mm/day. In C. fallax, no significant differences in colony diameter and growth rate were observed between the isolates. Among the C. lunata isolates, DUMB 141 exhibited the highest colony diameter of  65±0.5 mm with the fastest growth rate of 13 mm/day compared to DUMB 145, which showed the lowest colony diameter of 52±1.0 mm with the slowest growth rate of 11 mm/ day. Across the three species, differences in colony diameter and growth rate were found in C. clavata and C. lunata. However, in PDA both C. clavata and C. fallax isolates grew better. 
On CZA medium, the highest colony diameter 62±0.88 mm with the fastest growth rate of 12 mm/ day was found in C. clavata DUMB 132. The lowest colony diameter of 42±2.03 mm with the slowest growth rate of 8 mm/ day was in DUMB 146. Isolates of C. fallax showed minor differences in colony diameter. No significant differences in colony diameter and growth rate were found in C. lunata isolates. Among all the species, differences in colony growth were apparent only in C. clavata. 
On SDA medium, C. clavata isolates showed minor differences in colony growth. The highest colony diameter of 59±0.33 mm with the fastest growth rate of 12 mm/ day was found in DUMB 132. The lowest colony diameter of 46±2.03 mm and the slowest growth rate 9 mm/ day was in the isolate DUMB 137. The C. fallax isolate DUMB 127 exhibited the colony diameter of 74± 0.58 mm with growth rate of 15 mm/ day. The isolate DUMB 128 showed a lower colony diameter of 66±1.53 mm with a slower growth rate of 13 mm/day. Variation in colony growth among C. lunata isolates was not significant. 
In MEA medium, the highest colony diameter 56±1.45 mm with growth rate of 11 mm/ day was found in C. clavata DUMB 132. The lowest colony diameter of 31±0.33 mm with growth rate of 6 mm/ day was in the isolate DUMB 135. Isolates of C. fallax did not show significant variations in colony diameter and growth rate. In C. lunata, isolate DUMB 145 had colony diameter of 54±1.15 mm and growth rate of 11 mm/ day and the other  isolate DUMB 141 showed colony diameter of 40±0.58 mm with growth rate of 8 mm/ day. Distinct differences in colony growth were expressed in C. clavata and C. lunata on this medium. In MEA medium, among the species, the highest growth was observed in C. clavata (DUMB 132) and the least growth in C. fallax (DUMB 127). 
Among the four media tested, significant variations in colony growth between the isolates was apparent in MEA medium. This study revealed the variations in colony morphology across all the isolates of Curvularia species. Isolates of C. clavata and C. lunata displayed prominent variations in colony growth on PDA and MEA media. The isolates of C. fallax were distinct in colony growth on SDA medium. Growth rate differences among cultural groups of Bipolaris sorokiniana from wheat have been recorded (Aggarwal et al., 2009; Sharmin et al., 2022). The faster growth of Curvularia isolates may indicate the aggressiveness of the pathogenic strains. In the present study monoconidial cultures were used. Hence, differences in colony diameter and growth rate may be attributed to true genetic traits of the isolates (Burdon and Silk, 1997; Pandey et al., 2008). Though this character is largely influenced by available nutrients in different media, growth on PDA and MEA media demonstrated significant differences among isolates/species of Curvularia.
	Colony Morphology: Colony morphology of Curvularia spp. were observed on different media (Fig. 2; Table 2). In PDA medium, all C. clavata isolates showed greyish black colonies, except for DUMB 146, which showed black colony. Differences in raised surface (DUMB 132, DUMB 137, DUMB 147) and suppressed surface (DUMB 135, DUMB 146, DUMB 148) were found. Feathery texture was found across all the isolates except DUMB 146. Isolates of C. fallax had no differences in colony morphological characteristics. In C. lunata, isolates differed only in the texture of the colony. Among the species of Curvularia, greater differences in characteristics were found in C. clavata compared to the other two species. 
On CZA medium, C. clavata isolates exhibited pronounced variation in colony morphology. The colour of the colonies was brownish black to greyish black and white.  Most of the isolates developed suppressed colony surfaces, whereas DUMB 147 and DUMB 148 produced raised surfaces. Feathery, non-feathery or cottony textures were also distinct among the isolates. All isolates produced a non-whorl form of colonies except DUMB 132, which showed whorl form of the colony. In C. fallax, differences in colony characteristics were found in the colour and form of the colonies. Isolates of C. lunata differed only in the colour of the colony. Across the three species, greater differences in characteristics were found in C. clavata and C. fallax compared to C. lunata. 
In SDA medium, C. clavata isolates showed black and brownish black coloured colonies. All the isolates of this species had suppressed and non-whorl colonies. Differences in isolates with feathery (DUMB 132, DUMB 137, DUMB 146, DUMB 147) and non-feathery (DUMB 135, DUMB 148) colonies were observed. However, neither of the C. fallax isolates shown variations on SDA. Among C. lunata isolates only colour of the colony was different. Between species of Curvularia, distinct features were observed. Greater differences in colony morphology were shown in C. clavata isolates compared to other species. 
On MEA medium, isolates of C. clavata showed distinct differences in colour of the colonies showing greyish black, black or whitish black. Isolate DUMB 146 showed a raised surface and all other isolates showed suppressed surface of the colony. The colonies also displayed whorl or non-whorl form among the isolates. In C. fallax, isolates differed in the texture of colonies. Isolates of C. lunata differed in colour, texture and form of the colonies. Among all the species, noticeable differences in colonies were found in C. clavata and C. lunata.
Grouping of Bipolaris sorokiniana isolates from wheat was based on clonal variability and colony morphology. Different morphological groups were made aiding to pathotype variations (Pandey et al., 2008; Poloni et al., 2009). In our study, morphological variations were observed among isolates of C. clavata and C. lunata probably providing an opportunity to establish morphotypes of Curvularia. Identification criteria to distinguish Curvularia species was largely developed on the basis of colony characteristics and microscopic features (Tan et al., 2018). Hence, intra-species variations in colony morphology may provide useful information in identification of species/races of Curvularia. Here, growth on PDA and MEA provide a good source of nutrients for the differentiation of C. clavata and C. lunata. 
 Conidial characteristics: Conidial characters varied among the isolates of Curvularia species on different media (Table 3). In PDA medium, isolates of C. clavata showed either straight or slightly curved shaped conidia. The colour of the conidia were dark brown except DUMB 132 with brown colour conidia. Maximum conidial length of 26 µm in DUMB 137 and minimum of 22 µm in DUMB 147 and DUMB 148 was found in among the isolates. Conidia of both C. fallax and C. lunata differed only in colour. However, both species showed variations in conidial shape and size. 
On CZA, isolates of C. clavata were either straight or curved, mostly clavate or ellipsoidal in shape, and showed pale brown to brown coloured conidia. Length of the conidia was maximum of 29 µm in DUMB 148 and minimum of 23 µm in DUMB 147 isolates. Isolates of C. fallax and C, lunata differed in conidial colour but slight differences in conidial lengths were found. 
In SDA medium, C. clavata isolates produced straight or curved, clavate shaped with pale brown to brown coloured conidia. No distinct differences in conidial lengths was found among the isolates. In C. fallax, isolates differed in conidial colour and size, recording lengths of 25 µm and 31 µm. As well as isolates of C. lunata showed differences in conidial colour and similar conidial lengths were exhibited. 
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Fig. 1: Colony growth of Curvularia species on different media at 120 h. of incubation.
DUMB- Davangere University Microbiology (DUMB) culture collection numbers
Media- PDA: Potato dextrose agar; CZA: Czapek-Dox agar; SDA: Sabouraud’s dextrose agar; MEA: Malt extract agar
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Fig. 2.  Colony morphology of Curvularia species on different media.
DUMB- Davangere University Microbiology (DUMB) culture collection numbers
Row- A: Potato dextrose agar medium; B: Czapek-Dox agar medium; C: Sabouraud’s dextrose agar medium; D: Malt extract agar medium.
Column- 1: C. clavata DUMB 132; 2: C. clavata DUMB 135; 3: C. clavata DUMB 137; 4: C. clavata DUMB 146; 5: C. clavata DUMB 147; 6: C. clavata DUMB 148; 7: C. fallax DUMB 127; 8: C. fallax DUMB 128; 9: C. lunata DUMB 141; 10: C. lunata DUMB 145.
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Table 2: Cultural characteristics of isolates of Curvularia species on different media
	Isolates of Curvularia species
	Colony morphology (colour, surface, texture, form)

	
	PDA
	CZA
	SDA
	MEA

	C. clavata DUMB 132
	Greyish black, raised, feathery, whorl
	Greyish black, suppressed, feathery, whorl
	Brownish black, suppressed, feathery, non-whorl
	Greyish black, suppressed, feathery, whorl

	C. clavata DUMB 135
	Greyish black, suppressed, feathery, whorl
	Brownish black, suppressed, feathery, non-whorl
	Black, suppressed, non-feathery, non-whorl
	Black, suppressed, non-feathery, whorl

	C. clavata DUMB 137
	Greyish black, raised, feathery, whorl
	Brownish black, suppressed, non-feathery, non-whorl
	Black, suppressed, feathery, non-whorl
	Whitish black, suppressed, feathery, whorl

	C. clavata DUMB 146
	Black, suppressed, non-feathery, whorl
	Brownish black, suppressed, non-feathery, non-whorl
	Brownish black, suppressed, feathery, non-whorl
	Greyish black, suppressed, feathery, non-whorl

	C. clavata DUMB 147
	Greyish black, raised, feathery, whorl
	White, raised, cottony, non-whorl
	Brownish black, suppressed, feathery, non-whorl
	Greyish black, raised, feathery, non-whorl

	C. clavata DUMB 148
	Greyish black, suppressed, feathery, whorl
	Greyish black, raised, feathery, non-whorl
	Brownish black, suppressed, non-feathery, non-whorl
	Black, suppressed, non-feathery, non-whorl

	C. fallax DUMB 127
	Black, suppressed, feathery whorl
	Greyish black, suppressed, feathery, whorl
	Olivaceous green, suppressed, feathery, non-whorl
	Black, suppressed, non-feathery, non-whorl

	C. fallax DUMB 128
	Black, suppressed, feathery whorl
	Brownish black, suppressed, feathery, non-whorl
	Olivaceous green, suppressed, feathery, non-whorl
	Black, suppressed, feathery, non-whorl

	C. lunata DUMB 141
	Black, suppressed, feathery whorl
	Brownish black, suppressed, feathery, non-whorl
	Black, suppressed, feathery, non-whorl
	Black, suppressed, non-feathery, whorl

	C. lunata DUMB 145
	Black, suppressed, non-feathery whorl
	Greyish black, suppressed, feathery, non-whorl
	Brownish black, suppressed, feathery, non-whorl
	Greyish black, suppressed, cottony, non-whorl



DUMB- Davangere University Microbiology (DUMB) culture collection numbers
Media- PDA: Potato dextrose agar; CZA: Czapek-Dox agar; SDA: Sabouraud’s dextrose agar; MEA: Malt extract agar 
On MEA, isolates of C. clavata showed straight or curved conidia. The colour varied from brown to pale brown in conidia. Maximum conidial length of 29 µm in DUMB 135 and DUMB 146 and minimum conidial length of 24 µm in DUMB 148 was found. In C. fallax, both colour and size varied, with recorded conidial lengths of 26 µm and 33 µm. However, isolates of C. lunata displayed differences in colour of the conidia but narrow differences were found in conidial lengths. 
	Conidial characteristics are necessary for the identification of Curvularia (Manamgoda et al., 2015; Tan et al., 2018). These characteristics may be influenced by the availability of nutrients as evidenced in this study. It would be more appropriate to use conidia from the natural substrates like seeds or leaves for conidial characteristics. Definitely, the microscopic features of conidia are significant for the identification of species/strains and become integral part of polyphasic taxonomy (Tan et al., 2018; Ferdinandez et al., 2021).   
3.3 Determination of secretory enzymes among Curvularia species by agar plate assay 
All the isolates showed the production of amylase, cellulase and pectinase enzymes as detected in plate assay (Fig. 3). Growth of Curvularia isolates on the specified medium indicated substrate utilisation by secreting the required enzyme. Isolates of Curvularia species were found to be higher producers of amylase enzyme. Among C. clavata isolates, DUMB 132 was found to be the highest amylase producer (EI= 2.29± 0.33) and DUMB 148 was the lowest producer (EI= 0.89± 0.04). The isolates of C. fallax slightly differed in amylase production. The two isolates of C. lunata were significantly different in amylase production. Furthermore, differences in amylase production between the three species revealed that C. clavata and C. lunata isolates exhibited significant variations in enzyme production.  
Table 3: Distinct conidial characteristics of Curvularia species grown on different media
	Isolates of Curvularia species
	PDA
	CZA
	SDA
	MEA

	
	Morphology
	Size
(μm+
SE)
	Morphology
	Size (μm+
SE)
	Morphology
	Size (μm+
SE)
	Morphology
	Size 
(μm+
SE)

	C. clavata DUMB 132
	Straight, clavate shaped, brown colour
	25±0.05x 13±0.01
	Curved, clavate shaped, pale brown colour
	28±0.07x 10±0.01
	Straight, clavate shaped, brown colour
	27±0.05x 12±0.01
	Straight, clavate shaped, brown colour
	25±0.015x 12±0.02

	C. clavata DUMB 135
	Slightly curved, clavate shaped, dark brown colour
	25±0.12x 13±0.05
	Straight, clavate shaped, pale brown colour
	28±0.09x 14±0.02
	Curved, clavate shaped, brown colour,
	29±0.19x 15±0.06
	Straight, clavate shaped, pale brown colour
	25±0.09x 12±0.05

	C. clavata DUMB 137
	Slightly curved, clavate shaped, dark brown colour
	26±0.09x 13±0.07
	Curved, clavate shaped, pale brown colour
	24±0.09x 13±0.01
	Curved, clavate shaped, pale brown colour,
	27±0.07x 13±0.01
	Curved, clavate shaped, brown colour
	27±0.13x 14±0.02

	C. clavata DUMB 146
	Slightly curved, clavate shaped, dark brown colour
	25±0.08x 13±0.13
	Straight, ellipsoidal shaped, brown colour
	25±0.19x 14±0.11
	Curved, clavate shaped, pale brown colour
	27±0.15x 13±0.09
	Curved, clavate shaped, brown colour
	29±0.15x 13±0.01

	C. clavata DUMB 147
	Straight, clavate shaped, dark brown colour
	22±0.09x 14±0.11
	Curved, clavate shaped, dark brown colour
	23±0.15x 10±0.04
	Straight, clavate shaped, pale brown colour
	29±0.13x 13±0.11
	Curved, clavate shaped, pale brown colour
	26±0.13x 13±0.01

	C. clavata DUMB 148
	Straight, clavate shaped, dark brown colour
	22±0.19x 12±0.11
	Straight, ellipsoidal shaped, pale brown colour
	29±0.21x 13±0.04
	Straight, clavate shaped, pale brown colour,
	28±0.15x 14±0.07
	Curved, clavate shaped, brown colour
	24±0.15x 13±0.04

	C. fallax DUMB 127
	Curved, fusiform shaped, pale brown colour
	26±0.11x 12±0.06
	Curved, fusiform shaped, brown colour
	31±0.17x 12±0.05
	Curved, fusiform shaped, brown colour
	25±0.19x 12±0.07
	Curved, fusiform shaped, dark brown colour
	26±0.11x 15±0.05

	C. fallax DUMB 128
	Curved, fusiform shaped, brown colour,
	36±0.17x 13±0.08
	Curved, fusiform shaped, brown colour,
	35±0.11x 13±0.13
	Curved, fusiform shaped, brown colour
	31±0.17x 12±0.11
	Curved, fusiform shaped, dark brown colour
	33±0.13x 12±0.05

	C. lunata DUMB 141
	Curved, ellipsoidal shaped, pale brown colour
	29±0.18x 13±0.12
	Curved, ellipsoidal shaped, pale brown colour
	26±0.11x 12±0.15
	Curved, ellipsoidal shaped, pale brown colour
	29±0.18x 14±0.04
	Curved, ellipsoidal shaped, brown colour
	26±0.13x 15±0.05

	C. lunata DUMB 145
	Curved, ellipsoidal shaped, brown colour
	21±0.21x 13±0.11
	Curved, ellipsoidal shaped, pale brown colour
	27±0.15x 15±0.11
	Curved, ellipsoidal shaped, brown colour
	29±0.15x 14±0.07
	Curved, ellipsoidal shaped, brown colour
	27±0.05x 16±0.01
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           Media- PDA: Potato dextrose agar; CZA: Czapek-Dox agar; SDA: Sabouraud’s dextrose agar; MEA: Malt extract agar
           Shape- C: Clavate; E: Elliptical           Colour- B: Brown; Db: Dark brown; Pb: Pale brown
Production of cellulase enzyme was consistent across species. In C. clavata, the highest and lowest cellulase producers were DUMB 148 and DUMB 132 respectively. Isolates of C. fallax and C. lunata showed no appreciable differences in enzyme production. Overall, the isolates of Curvularia species exhibited no significant variation in cellulase activity. 
Isolates of Curvularia species showed the production of pectinase enzyme. In C. clavata, DUMB 137 was the highest enzyme was produced by DUMB and DUMB 148 was the lowest producer. It was found that the isolates of C. fallax (DUMB 127) were the highest pectinase producers among all the isolates. Distinct differences in pectinase production were exhibited by the isolates of C. lunata. On comparing pectinase production across the three species, C. clavata and C. lunata isolates exhibited prominent differences in enzyme activity. 
	Enzymes are essential in phytopathogens for infection and invasion. In most of the cases successful establishment of the pathogen in host tissues depends on the quantity of the enzymes produced (Collmer and Keen, 1986; Jia et al., 2023). Variations in enzyme producing ability may also determine the pathogenicity/virulence of the pathogens (Xu et al., 2007). Amylase production in C. clavata DUMB 132 isolate provided an insight into the efficiency of substrate utilization. Such variations in enzyme producing ability may be correlated to pathogenicity.  
3.4 Detection of phytotoxicity in Curvularia species by detached leaf assay  
Differences in phytotoxic effect was shown by the isolates of Curvularia species in the detached leaves of various monocot plants (Table 4). Phytotoxic effect was assessed based on the development of yellow to necrotic symptoms. In C. clavata, isolates DUMB 132 and DUMB 148 showed the highest phytotoxic effect on maize and sorghum by the formation of brown or brownish black coloured necrotic lesions with prominent yellow halo. Another isolate DUMB 135 produced the highest phytotoxic effect only on maize. All the isolates induced moderate phytotoxic effect on finger millet showing grey coloured necrotic symptoms with a slight yellow halo. In C. fallax, the isolates differed in phytotoxic effect on maize and sorghum. The isolate DUMB 128 showed the highest phytotoxicity on maize and a moderate effect on sorghum. In addition, both isolates had the lowest effect on finger millet. In C. lunata, isolates differed in phytotoxic effect on sorghum and finger millet. The isolate DUMB 145 produced the highest phytotoxic effect on finger millet and the moderate effect on sorghum. However, the isolates of Curvularia of all the species had no phytotoxic effect on any of the tested dicot leaves. The leaves remained unaffected throughout the period of incubation.  

Fig. 3 Secretory enzyme activity of Curvularia species in plate assay after 72 h. of incubation
DUMB- Davangere University Microbiology (DUMB) culture collection numbers

In the present study, C. clavata isolate DUMB 132 and DUMB 135 were isolated from leaves of maize, and their culture filtrate showed phytotoxicity to both maize and sorghum indicating non-host specificity. Similarly, isolates DUMB 146 and DUMB 147 were isolated from sorghum seeds but found to be phytotoxic to both sorghum and maize. Such variations within species may account for determining host range based on toxin-sensitivity (Walton et al., 1996; Besharati et al., 2025). At the same time, C. lunata DUMB 145 isolated from finger millet showed strong phytotoxicity on finger millet and moderate activity on other monocots. Such criteria are necessary for determining the virulence of strains. Phytotoxin producing abilities determine the pathogenicity and virulence in necrotrophic plant pathogens (Meepagala et al., 2015). Some of such phytotoxins are exploited biotechnologically (Tawfike et al., 2017; Mehta et al., 2022). The potentiality of these metabolites needs to be assessed. 
Table 4. Phytotoxicity of culture filtrate from Curvularia species in detached leaf bioassay

	Curvularia species
	Plants tested

	
	Monocot
	Dicot

	
	Maize
	Sorghum
	Finger millet 
	Lobster claw
	Paper flower
	Pigeon wood

	[bookmark: _Hlk201842309]Control
	NE
	NE
	NE
	NE
	NE
	NE

	C. clavata DUMB 132
	+++
	+++
	++
	NE
	NE
	NE

	C. clavata DUMB 135
	+++
	++
	++
	NE
	NE
	NE

	C. clavata DUMB 137
	++
	++
	+
	NE
	NE
	NE

	C. clavata DUMB 146
	++
	+++
	++
	NE
	NE
	NE

	C. clavata DUMB 147
	++
	+++
	++
	NE
	NE
	NE

	C. clavata DUMB 148
	+++
	+++
	++
	NE
	NE
	NE

	C. fallax DUMB 127
	++
	+
	+
	NE
	NE
	NE

	C. fallax DUMB 128
	+++
	++
	+
	NE
	NE
	NE

	C. lunata DUMB 141
	++
	+
	+
	NE
	NE
	NE

	C. lunata DUMB 145
	++
	++
	+++
	NE
	NE
	NE



[bookmark: _Hlk201844837][bookmark: _Hlk209099642]Note: + lowest phytotoxic effect, brown necrosis; 
        ++ moderate phytotoxic effect, grey or brown necrosis with slight yellow halo;
        +++ highest phytotoxic effect, brown or brownish black necrosis with prominent yellow halo; 
      NE: No Effect.
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3.5 Effect of Curvularia species on sorghum seed germination and seedling vigour 
Seed treatment with the isolates of Curvularia species showed differential effect on sorghum seed germination (Table 5). Most of the of C. clavata isolates considerably reduced sorghum seed germination. The isolate DUMB 132 and DUMB 146 were involved in a severe reduction of root and shoot growth, immensely reducing the vigour index. However, C. clavata isolate DUMB 148 slightly improved vigour index when compared to control (Table 5). Among C. fallax isolates, DUMB 128 was capable of significantly reducing seed germination and vigour index. This isolate was highly pathogenic to sorghum. Both the isolates of C. lunata showed no reduction in seed germination but reduced root length and shoot length. Among the Curvularia species, C. fallax, isolates were highly pathogenic to sorghum. 
[bookmark: _Hlk214291686]Variation in pathogenicity to sorghum seeds between the Curvularia species was evident in the present results. This pathogen is seed-borne and seed-transmitted in rice, sorghum and maize (Neergaard, 1977). Interestingly, some C. clavata isolates were pathogenic to sorghum and others were not. The pathogenic isolate DUMB 132 had highest amylase and pectinase production capacity. Hence, the seed germination test and assessment of seedling vigour was found to be an ideal method for pathogenic variability studies in Curvularia.  








Table 5: Effect of Curvularia species on sorghum seed germination and seedling vigour
	Isolates of Curvularia species
	Seedling vigour parameters

	
	SG* (%) 
	ARL (cm) ± SE
	ASL (cm) ± SE
	VI

	[bookmark: _Hlk209152219]Control
	82ab
	9.09± 0.14
	16.51± 0.09
	1704

	C. clavata DUMB 132
	67bcd
	5.41± 0.11
	10.77± 0.21
	1084

	C. clavata DUMB 135
	75abc
	9.97± 0.09
	10.51± 0.11
	1332

	C. clavata DUMB 137
	57d
	8.92± 0.14
	11.45± 0.15
	1161

	C. clavata DUMB 146
	61cd
	5.53± 0.05
	10.93± 0.11
	1004

	C. clavata DUMB 147
	60cd
	8.1± 0.11
	12.28± 0.09
	1223

	C. clavata DUMB 148
	80ab
	9.5± 0.19
	12.64± 0.11
	1771

	C. fallax DUMB 127
	70abcd
	8.4± 0.03
	9.12± 0.16
	1226

	C. fallax DUMB 128
	64cd
	5.75± 0.07
	6.84± 0.18
	806

	C. lunata DUMB 141
	84a
	8.24± 0.18
	9.19± 0.11
	1464

	C. lunata DUMB 145
	72abcd
	6.88± 0.21
	11.84± 0.09
	1348


[bookmark: _Hlk209152240]*Values in the column followed by the same letter (s) are statistically not significant (P=0.05) according to Duncan’s Multiple Range Test 
SG- Seed Germination %; ARL- Average Root Length; ASL- Average Shoot Length; VI- Vigour Index.
Vigour Index = (ARL+ ASL) x SG (%) 
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3.6 Metabolite profiling of Curvularia species by thin-layer chromatography and UV-visible spectroscopy
	3.6.1 Thin-layer chromatography: Ethyl soluble compounds from both cellular and secretory extracts of Curvularia species were detected by thin-layer chromatography (Table 6). Detection of number of compounds was carried out by various methods providing an opportunity for analysis of metabolites. 
Cellular extract: Among C. clavata isolates, separation of cellular extract in TLC yielded a range of compounds with different Rf values. Under visible light, maximum of four compounds were detected in the isolate DUMB 148 with unique compounds at Rf value 0.78. The isolate DUMB 147 showed one unique compound with the Rf value 0.18. There was no difference in C. fallax isolates by having only one compound at the Rf value 0.96. In C. lunata isolates, DUMB 145 had two unique compounds with Rf value 0.59 and 0.78. These compounds were absent in the other isolate (DUMB 141). When cellular extracts of all three species were considered, a common compound with Rf value 0.78 was found only with the isolates C. clavata DUMB 148 and C. lunata DUMB 145 indicating metabolic similarity between the two species. 
Interestingly, many UV-fluorescing compounds were observed in different species of Curvularia (Table 6). Among C. clavata isolates, compounds with Rf value 0.15, 0.39, 0.49 were unique to DUMB 147. Another compound unique to DUMB 148 was found at the Rf value 0.32. Among C. fallax isolates, a unique compound with Rf value 0.14 was observed only in DUMB 128. The other isolate DUMB 127 showed four distinct compounds. The isolate of C. lunata DUMB 145 showed three compounds, which were not found in the other isolate (DUMB 141). Distinct variations in the number of UV fluorescing compounds and the Rf values were found between three species of Curvularia. However, C. clavata DUMB 147, C. fallax DUMB 128 and C. lunata DUMB 145 shared common compounds. Some of the compounds observed under visible light were also fluorescing under UV light. 
	Detection of compounds of cellular extracts of Curvularia species in TLC by iodine revealed both common and distinct compounds (Table 6). Among C. clavata isolates, maximum number of compounds were detected in DUMB 147 and minimum in DUMB 137 isolates with different Rf values. Among C. fallax, DUMB 127 showed unique compounds with Rf value 0.16 and 0.71 whereas DUMB 128 showed only one compound. Among C. lunata isolates, DUMB 145 showed four compounds and three of them were not detected in the other isolate DUMB 141. A compound with Rf value of 0.17 was common in both C. clavata DUMB 147 and C. fallax DUMB 127. Iodine reacting compound with Rf value 0.96 was found among all the isolates irrespective of species. 
	Cellular extract of Curvularia species, also had few acid charring compounds (Table 6). Among C. clavata isolates, variation was found between DUMB 147 and DUMB 148 with the compounds of Rf value 0.66 and 0.86 respectively. Among C. fallax isolates, two unique compounds with Rf value 0.43 and 0.82 was found in DUMB 127. Among C. lunata isolates, compound with Rf value 0.64 was unique to the isolate DUMB 141. A common compound with Rf value 0.96 was detected in all the isolates and species. 
Secretory extract: Various compounds were also detected from ethyl soluble secretory extracts of Curvularia isolates (Table 6). Under visible light a few distinct compounds were found across the species. In isolates of C. clavata, only two compounds with similar Rf values were found in three isolates. However, the other three isolates had none. Two compounds were found from each of the isolates of C. fallax. In C. lunata, isolates were distinct from each other and the isolate DUMB 145 had two compounds with unique Rf values 0.62 and 0.72. 
Under UV light, unique fluorescing compounds were also found (Table 6). In C. clavata, isolate DUMB 147 had maximum number of compounds and two unique compounds of Rf value 0.49, 0.74 were detected. Another isolate DUMB 147 had one unique compound at the Rf value 0.18. Isolate of C. fallax DUMB 127 was distinct from the other isolate by showing maximum number of unique compounds with Rf value 0.22, 0.33, 0.47, 0.81. In addition, isolate DUMB 145 from C. lunata also showed two unique compounds at the Rf value 0.14, 0.72. 
Reaction of secretory extracts with iodine showed the occurrence of distinct compounds. Among the isolates of C. clavata, one unique compound was detected from three of the isolates with Rf value 0.18 from DUMB 146, Rf value 0.29 from DUMB 147 and Rf value 0.13 from DUMB 148. Among C. fallax, isolate DUMB 127 showed maximum number of six compounds whereas the other isolate had only one compound. In C. lunata, isolate DUMB 145 had developed only one distinct compound at the Rf value 0.73. A significant compound with the Rf value 0.62 was found to be common among C. clavata C. fallax and C. lunata. 
Few numbers of distinct acid charring compounds were detected from the secretory extracts (Table 6). It was found that the isolates of C. clavata had no distinct compounds among the isolates. A total of six compounds were detected from C. fallax DUMB 127. Moreover, one unique compound from C. lunata DUMB 141 with the Rf value 0.25 was found.  A compound with the Rf value 0.62 was found to be a common compound across the species.      
	In TLC, distinct compounds both in cellular and secretory extracts were found among Curvularia isolates. Many phytotoxic compounds have been detected in Curvularia intermedia. Curvularin and its derivatives were found to have phytotoxicity (Meepagala et al., 2016). Such compounds may be present in the species considered here. Even bioactive peptides have been reported in endophytic Curvularia sp. (Tawfike et al., 2017). The present study clearly demonstrated metabolite profile in assessing secondary metabolites for intra-specific variations in Curvularia.  






Table 6: Ethyl acetate soluble cellular and secretory compounds from Curvularia species detected by thin-layer chromatography

	Isolate
	Number of compounds

	
	Cellular extract
	Secretory extract

	
	VL
	UVL
	IV
	AD
	VL
	UVL
	IV
	AD

	[bookmark: _Hlk168657112]C. clavata DUMB 132
	2
	5
	2
	1
	0
	2
	3
	3

	C. clavata DUMB 135
	2
	5
	2
	1
	0
	2
	2
	3

	C. clavata DUMB 137
	0
	2
	1
	1
	0
	3
	2
	2

	C. clavata DUMB 146
	2
	4
	3
	2
	2
	3
	4
	2

	C. clavata DUMB 147
	2
	9
	6
	3
	2
	4
	4
	2

	C. clavata DUMB 148
	4
	5
	4
	2
	2
	6
	5
	2

	C. fallax DUMB 127
	1
	7
	3
	4
	2
	6
	6
	6

	C. fallax DUMB 128
	1
	4
	1
	3
	2
	4
	1
	2

	C. lunata DUMB 141
	2
	2
	1
	2
	1
	3
	2
	3

	C. lunata DUMB 145
	2
	5
	4
	1
	2
	4
	3
	2



Note. VL- compounds detected in visible light; UVL- fluorescing compounds detected in UV light; IV- iodine vapours reacting compounds; AD- acid derivatized compounds.
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3.6.2 UV-Visible spectrophotometry: Analysis of ethyl acetate soluble cellular and secretory extracts showed number of peaks at different wavelengths. This indicated that the presence of various compounds with different absorption maxima (Table 7). The wavelength scan of the extracts showed that the peaks were prominent from the wavelength range of 250nm to 600nm in both cellular and secretory extracts (Fig. 4 and Fig. 5). 
Cellular extract: In cellular extract of Curvularia species, differences in the number of ethyl acetate soluble compounds were detected with respect to wavelength of light absorbed (Fig. 4). Among C. clavata isolates, maximum number of compounds were found to be nine in DUMB 148, whereas only three compounds were detected in DUMB 132, DUMB 135. A unique compound with Amax 325 nm was found only in DUMB 137 isolate. Four distinct compounds with Amax in the range of 500-560 nm were found in the isolates DUMB 147 and DUMB 148. In addition, distinct variations were also observed among the isolates of C. fallax. The isolate DUMB 128 had six unique compounds with the Amax in the range of 280-500nm were detected and these compounds were not found in DUMB 127. Among C. lunata isolates, DUMB 145 showed unique compound with Amax 353 nm. Meanwhile, isolate DUMB 141 had a unique compound with the Amax 490 nm. When three different species were compared, common and different compounds were observed. The isolates C. clavata DUMB 147 and DUMB 148 showed common compounds of Amax 521 nm and 560 nm shared with the isolates of C. fallax and C. lunata. The concentrations of individual compounds varied as indicated by the absorbance values.
	Secretory extract: Ethyl acetate soluble compounds from secretory extract analysed by spectrophotometry showed variable number of compounds (Fig. 5). In C. clavata isolates, DUMB 147 had showed the maximum number of compounds and three unique compounds were found at the Amax 521 nm, 545 nm, and 560 nm. The isolate DUMB 128 from C. fallax showed a unique compound at the Amax 355 nm. Meanwhile, a distinct compound from the C. lunata was found at the Amax 391 nm from the isolate DUMB 141. Interestingly, one compound with Amax 373 nm was found across all the species. The total number of compounds found in the secretory extract was less compared to the cellular extract.  
UV-Visible spectrophotometry revealed clear differences among the ethyl acetate soluble compounds in Curvularia species. Metabolomic studies conducted in different species of Curvularia are available (Tawfike et al., 2017; Besharati et al., 2025). Different chromatographic techniques have been used for the analysis of the compounds. Our study demonstrated differences in compounds found among the isolates of Curvularia species. This provided a useful analysis of metabolic variations in Curvularia species. Various secondary metabolites of C. papendorfii with different biological activities have been identified (Khiralla et al., 2020). Such compounds may be present in our isolate also. Spectroscopic detection of pigments from Aspergillus sp. and Penicillium sp. was reported (Narendrababu and Shishupala, 2017). Such analysis of compounds may aid in chemotaxonomic identification of Curvularia species. Extensive variation among isolates of Curvularia was prominent. The results clearly suggested the use of combination of criteria for successful differentiation of strains/species in Curvularia supporting quarantine and disease management strategies. 
Table 7: Detection of ethyl acetate soluble cellular and secretory compounds from Curvularia species by UV-Visible spectroscopy

	Curvularia spp.
	No. of compounds
	Cellular extract
	
	Secretory extract

	
	
	Amax of compounds 
(nm)
	No. of compounds
	Amax of compounds 
(nm)

	C. clavata DUMB 132
	3
	286, 374, 393
	4
	287, 352, 373, 392

	C. clavata DUMB 135
	3
	287, 374, 392
	2
	290, 374

	C. clavata DUMB 137
	4
	288, 325, 374, 392
	2
	290, 374

	C. clavata DUMB 146
	5
	288, 372, 393, 431, 458
	2
	290, 377

	C. clavata DUMB 147
	6
	294, 489, 512, 521, 548, 560
	5
	289, 373, 521, 545, 560

	C. clavata DUMB 148
	9
	290, 352, 373, 393, 489, 508, 521, 547, 560
	3
	289, 373, 392

	C. fallax DUMB 127
	4
	290, 378, 521, 560
	2
	291, 374

	C. fallax DUMB 128
	10
	286, 293, 353, 373, 392, 488, 499, 522, 548, 561
	3
	287, 355, 373

	C. lunata DUMB 141
	7
	289, 374, 393, 490, 522, 547, 560
	4
	288, 352, 374, 391 

	C. lunata DUMB 145
	7
	287, 353, 373, 392, 520, 546, 560
	3
	290, 351, 373
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[image: ]	Fig. 4. Ultraviolet–visible absorption spectra of ethyl acetate soluble cellular compounds from Curvularia species. 
Curvularia clavata (DUMB 132, DUMB 135, DUMB 137, DUMB 146, DUMB 147, DUMB 148), C. fallax (DUMB 127, DUMB 128) and C. lunata (DUMB 141 and DUMB 145) 
Inset: Absorption spectrum with wavelength range of 450–600 nm.
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[image: ]
Fig. 5. Ultraviolet–visible absorption spectra of ethyl acetate soluble secretory metabolites from Curvularia species. 
Curvularia clavata (DUMB 132, DUMB 135, DUMB 137, DUMB 146, DUMB 147, DUMB 148), C. fallax (DUMB 127, DUMB 128) and C. lunata (DUMB 141 and DUMB 145).
Inset: Absorption spectrum of the metabolites with wavelength range of 280–310 nm.
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Conclusions: The present study offers valuable insights into the variations among Curvularia species. The findings clearly demonstrate distinct differences in morphological and physiological characteristics at both inter- and intra-specific levels. These variations act as effective markers for delineating relationships within and between species of the same genus aiding pathogenic variability studies, bio-surveillance and quarantine measures.
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[bookmark: _Hlk206077845][bookmark: _Hlk209279014][bookmark: _Hlk209410824]
Abbreviations: 
DUMB- Davangere University Microbial culture collection, PDA- Potato Dextrose Agar medium, CZA- Czapek-Dox Agar medium, SDA- Saboraud’s Dextrose Agar medium, MEA- Malt Extract Agar medium, EI- Enzyme Index, SG- Seed Germination; ARL- Average Root Length; ASL- Average Shoot Length; VI- Vigor Index
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