[bookmark: _Hlk219392847][bookmark: _GoBack]Characterization and In vitro Management of Anthracnose of Fishtail Palm (Caryota mitis) Caused by Colletotrichum manihotis in India: A preliminary Study

ABSTRACT
Fishtail palm (Caryota mitis), characterized by its distinctive goldfish tail like leaflets, is a popular ornamental plant that is frequently affected by anthracnose disease. The present study, conducted during 2022, investigated disease symptomatology, pathogen isolation, pathogenicity, and identification, along with the evaluation of growth media, temperature effects, growth characteristics, biomass production, and fungicide efficacy. The causal pathogen was identified as Colletotrichum manihotis based on conidial dimensions and cluster analysis. Among the four-culture media evaluated, potato dextrose agar (PDA) resulted in the highest mycelial expansion, and an incubation temperature of 28 °C was found to be optimal for growth. On PDA, oat meal agar (OMA), and Czapek–Dox agar (CDA), C. manihotis produced whitish, cotton-like mycelia, whereas no such growth was observed on malt extract agar (MEA). In terms of biomass yield, potato dextrose broth (PDB) proved to be the most effective medium when incubated at 24 °C and 28 °C. Among the fungicides evaluated, difenoconazole 25% EC was the most effective, completely inhibiting mycelial growth at 100 ppm with an EC₅₀ value of 13.3 ppm, whereas mancozeb 50% WP required 400 ppm with an EC₅₀ value of 38.5 ppm. Based on the available literature, this appears to be the first documented scientific evidence of anthracnose in fishtail palm caused by Colletotrichum manihotis in India, thus addressing a critical knowledge gap and offering foundational insights for future disease management strategies.
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 INTRODUCTION
The fishtail palm (Caryota mitis) is an attractive ornamental palm species extensively used in landscape decoration worldwide, distinguished by its medium-sized green fronds that are deeply segmented and resemble the tail of a goldfish (Sarwar et al., 2020). Despite aesthetic appeal, the palm is susceptible to various diseases viz. Wilt caused by Fusarium oxysporum (Bhanwar et al., 2016), brown leaf spot caused by Fusarium equisetii (Ashfaq et al., 2017), dieback and canker caused by Botryosphaeria ribis (Pereira et al., 2023), several leaf spots caused by Lasiodiplodia sp. (Zhu et al., 2015), Pestalotia and Pestalotiopsis sp. (Sarwar et al., 2020, Bhanwar et al., 2012), and bacterial blight caused by Acidovorax avenae (Nelson, 2009), a common challenge among ornamental palm varieties. Such diseases can markedly impair plant vigor, restrict normal growth and reduce both aesthetic appeal and economic value (Nelson, 2009). In recent years, fishtail palm plantations in West Bengal have faced a serious outbreak of an anthracnose like disease. However, prior investigations had neither documented the disease symptoms nor successfully isolated and identified the responsible pathogen. Owing to the absence of pathogen isolation, studies on suitable growth media, optimal temperature conditions, biomass production and EC₅₀ values of commonly used fungicides were also lacking. In view of these existing knowledge gaps, particularly in the eastern region of India and at the national level, the present study was undertaken with the objectives of characterizing disease symptoms, isolating and identifying the causal organism based on morphological features, determining appropriate culture media and temperature for optimal growth and biomass production, and evaluating its EC₅₀ against selected fungicides.






	
MATERIALS AND METHODS

Collection of infected samples and isolation of the causal pathogen

Symptomatic leaf samples of fishtail palm were collected from Pallishree Nursery, Arambagh, Hooghly district, West Bengal, India (22°53′ N, 87°78′ E) and promptly transported to the Mycology Laboratory, Department of Plant Pathology, Bidhan Chandra Krishi Viswavidyalaya, Mohanpur, Nadia, West Bengal. Isolation of the associated pathogen was carried out according to the procedure outlined by Thilagam et al. (2018), with minor modifications. Diseased leaf portions were excised into small segments and surface sterilized using 0.1% mercuric chloride (HgCl₂) for 30–45 seconds, followed by 5–6 rinses with sterile distilled water. After removing excess moisture by blotting, the tissue segments were placed on water agar medium in Petri dishes and incubated at 28 ± 1 °C until fungal hyphae emerged. Actively growing hyphal tips were subsequently transferred to fresh potato dextrose agar (PDA) slants and incubated for 6–7 days. The resulting pure cultures were preserved at 5 °C for use in further experiments.

Identification of the associated pathogen

Microscopic slides were prepared from infected plant samples for morphometric examination. Microphotographs were captured using a Karl Zeiss phase-contrast microscope, and measurements of conidia and conidiophores were obtained with Axio Vision image analysis software. Preliminary identification of the fungus was performed at the genus level based on standard taxonomic keys (Sutton, 1981). Subsequent species level identification was achieved by comparing conidial dimensions with published morphometric data of related species within the genus, following the nearest neighbour approach in cluster analysis as described by Sangpueak et al. (2018).

Effects of culture media and temperatures on radial growth and colony morphology

The experiment was conducted using four liquid culture media, viz. potato dextrose broth (PDB), oat meal broth (OMB), malt extract broth (MEB), and Czapek Dox broth (CDB) in combination with three incubation temperatures (21 °C, 24 °C and 28 °C), each treatment replicated three times. For each medium, 40 ml was dispensed into 250 ml conical flasks and inoculated with a 5 mm diameter mycelial disc excised from the actively growing margin of a six-day old culture. The inoculated flasks were incubated at the respective temperature regimes for a period of six days. Upon completion of the incubation period, the fungal biomass developed in each medium was harvested and separately filtered through pre weighed and oven dried Whatman No. 1 filter papers. The collected mycelial mass was dried at 65–70 °C for 96 hours until a constant dry weight was achieved, with repeated measurements taken to confirm weight stability. Dry biomass data were subjected to two-factor statistical analysis.

Assessment of fungal biomass production

Four growth media viz. Potato dextrose broth (PDB), Oat meal broth (OMB), Malt extract broth (MEB) and Czapek dox broth (CDB) and three temperatures viz. 210C, 240C, and 280C were considered with three replications. 40 ml broth of above mentioned four media were taken into 250 ml conical flasks and inoculated with a 5 mm mycelial disc taken from active growing tip region of 6 days old culture. Both the flasks and plates were incubated at above mentioned three temperatures. The conical containing broths were incubated for 6 days. After 6 days the mycelial mat formed by fungi on 4 growth media were collected and filtered separately through previous dried and pre-weighted Whatman No. 1 filter paper. Filter paper containing the fungal mass was then kept in drier for drying at 650C-700C for 96 hours to a constant weight. Weighing was repeated till constant weight was obtained. 2 factor analysis was done for fungal dry biomass production.




Fungicide sensitivity analysis

The in vitro response of the pathogen to two fungicides—mancozeb 50% WP and difenoconazole 25% EC was evaluated at eight concentrations (0, 10, 25, 50, 100, 200, 400, and 800 µl ml⁻¹) using the poisoned food technique (Vanani et al., 2024). Fungicide amended potato dextrose agar (PDA) medium (20 ml) was poured into sterilized Petri dishes for each treatment, while control plates received an equal volume of PDA without fungicide. A 5 mm diameter mycelial disc, excised from the actively growing margin of the culture using a sterile cork borer, was centrally placed on each plate. The inoculated plates were incubated in a BOD incubator at 28 ± 2 °C until complete mycelial coverage was observed in the control treatment (Golakiya et al., 2020). All treatments, including controls, were arranged in triplicate. Radial colony growth was measured, and mycelial growth inhibition relative to the control was calculated. The effective concentration required to inhibit 50% of mycelial growth (EC₅₀) for each fungicide was estimated by regressing probit transformed inhibition values against the logarithm of fungicide concentrations (Ren et al., 2020). A regression model (Y = a + bx) was fitted and evaluated for goodness of fit, and treatment effects were assessed using the simple correlation coefficient (r) at 5% and 1% significance levels. Percentage inhibition of radial growth was computed using the following formula.
                                   
                                           C –T
Percent inhibition (%) =    ––––––    X100 
                                             C  
(Where C represents radial growth in the control and T denotes radial growth in the treated plates)

RESULTS AND DISCUSSIONS

Disease symptoms

[image: ] Disease symptoms first appear along the leaf margins or as minute lesions on the leaf lamina, which subsequently advance downward, leading to desiccation and a straw-yellow discoloration of the leaf edges. (Fig. 1). A distinct brown demarcation separates the affected tissue from the healthy areas. The spots may coalesce, leading to complete drying of the leaf. Notably, minute dot-like structures (acervuli) are frequently observed on the dried tissues.


Figure 1: Anthracnose symptoms on leaves of fishtail palm

Isolation of the causal organism and establishment of pathogenicity

Pathogenicity was established by inoculating detached fishtail palm leaves under laboratory conditions. The treated leaves exhibited disease symptoms similar to those recorded in the nursery (Fig. 2). The fungal pathogen was successfully reisolated from the symptomatic tissues and matched with the initially isolated culture, thereby confirming its pathogenicity (Xu et al., 2017).

[image: ]

Figure 2: Pathogenicity establishment of Colletotrichum sp. of fishtail under laboratory condition


Morphological traits and identification of the pathogen

Slides prepared from infected tissues and pure cultures were examined for morphometric analysis. The pathogen formed short, cylindrical, hyaline, aseptate conidia with 3–4 guttules, rounded at one end and tapering at the other (Fig. 3), measuring 8.79 to 15.89 μm × 2.74 to 4.49 μm. The conidia were produced from acervuli bearing setae (Fig 4). Acervuli measured 180.46 to 244.7 μm in length and 160.88 to 190.39 μm in width, with 10-20 setae having 3-5 septa. Setae had a length of 28.77 to 54.83 μm, a base width of 1.23 to 3.41 μm, a middle width of 2.91 to 5.85 μm, and a tip width of 0.41 to 1.54 μm.
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Figure 4: Microscopic view of 
acervuli
 bearing setae and conidia produced by 
Colletotrichum 
manihotis
.
) (
Figure 3: Microscopic view of conidia produced by 
Colletotrichum 
manihotis
.
)

The anthracnose pathogen isolated from fishtail palm exhibited conidial features characteristic of the genus Colletotrichum. Hierarchical cluster analysis of conidial dimensions of representative Colletotrichum species (Fig. 5) (Salotti et al., 2022), performed using the nearest-neighbour method (Grahovac et al., 2012), placed the isolate in close association with C. manihotis. The isolate shared key morphological traits with C. manihotis, including short, cylindrical, hyaline, aseptate conidia bearing 3–4 guttules (Ehui et al., 2019). Although its spore dimensions overlapped with those of several Colletotrichum species, single-linkage analysis indicated the closest similarity with C. manihotis (8–15 µm × 4–6 µm) (Table 1), supporting its morphological identification as C. manihotis.
Table 1:  Conidial and Acervular Dimensions of Colletotrichum sp. from Fishtail Palm Grown as Pure Culture on PDA

	Name of the Pathogen
	Length of Conidia (µm)
	Width of Conidia (µm)
	Length of Acervuli (µm)
	Width of Acervuli
(µm)
	Length of Setae
(µm)
	Base width of setae (µm)
	Mid width of septa (µm)
	Tip width of septa (µm)

	Colletotrichum sp.
	8.79-15.89
	2.74-4.49
	180.46-244.7
	160.88-190.39
	28.77-54.83
	1.23-3.41
	2.91-5.85
	0.41-1.54
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Figure 5: Dendrogram based on conidial characteristics of Colletotrichum manihotis obtained from fishtail palm







Response of radial growth to different culture media, temperature, and media x temperature interaction

The influence of four culture media viz. PDA, CDA, OMA and MEA  and three incubation temperatures (21 °C, 24 °C and 28 °C) on radial growth of Colletotrichum manihotis was evaluated both individually and for their interaction effects (Table 2) over nine consecutive observation days. Across temperatures, radial growth was significantly enhanced on most observation days, except on day nine. On the eighth day, PDA outperformed OMA, MEA and CDA in promoting fungal growth, indicating its superior suitability as a culture medium. These findings are consistent with previous reports: Lokare and Fatima (2021) observed that PDA promoted the fastest mycelial growth of Colletotrichum gloeosporioides causing mango anthracnose, followed by CDA. Similarly, Thangeswari et al. (2024), Bhagat et al. (2022), and Soltani et al. (2014) reported PDA as the most favorable medium for mycelial growth of various Colletotrichum species. Majumdar and Mandal (2019) noted PDA and OMA as optimal for mycelial growth and sporulation, respectively, of C. gloeosporioides on banana. In another study, Joshi et al. (2024) screened twelve nutrient media for Colletotrichum capsica and found PDA and carrot dextrose agar to be the most effective for growth and sporulation. Khare et al. (2025) also demonstrated that PDA supported the fastest early growth of C. truncatum. Collectively, these studies highlight PDA as a highly suitable medium for growth and sporulation of various Colletotrichum species.
The radial growth of the fungus irrespective of media when examined, it was found significantly enhanced in all dates of observation. Out of 3 temperatures tested, the radial growth was significantly highest and lowest at 280C and 210C respectively. However, the performance of the radial growth of the fungus at 240 C looked intermediate. At day 9, the tested fungus covered the entire diameter of the Petri plates at all the temperatures viz. 210C, 240C and 280C. In the present experiment, out of 3 temperatures tested, the radial growth was significantly highest and lowest at 280C and 210C respectively. This finding was in agreement with the findings of Pandey et al. (2012), Soltani et al. (2014), Sajili et al. (2017), Prajapati et al. (2015) who identified 28°C as the most suitable temperature for mycelial growth of different Colletotrichum species.

When radial growth was analyzed irrespective of culture media, the fungus showed significant growth enhancement across all observation days. Among the three tested temperatures, the highest radial growth was observed at 28 °C, while the lowest occurred at 21 °C, and 24 °C showing intermediate growth. By day nine, the fungus had completely colonized the diameter of the Petri plates at all temperatures (21 °C, 24 °C, and 28 °C). These results are consistent with previous studies reporting 28 °C as the optimal temperature for mycelial growth of various Colletotrichum species (Pandey et al., 2012; Soltani et al., 2014; Sajili et al., 2017; Prajapati et al., 2015).

The combined effects of the four culture media and three temperatures on radial growth of C. manihotis were evaluated across multiple observation days and significant differences were observed at all time points. On day eight, both 24 °C and 28 °C supported greater radial growth compared to 21 °C. Among the media, PDA consistently promoted the highest growth across all temperatures, followed by OMA, MEA and CDA. By day nine at 28 °C, the fungus achieved complete radial coverage of the Petri plates in all media. Overall, radial growth was significantly highest at 28 °C, lowest at 21 °C and intermediate at 24 °C.

Table 2: Effect of Media*Temperature Interaction on Radial Growth (cm) of C. manihotis over Time

	
	D1
	D2
	D3
	D4
	D5
	D6
	D7
	D8
	D9

	Media
	T1 (21OC)

	[bookmark: _Hlk183444030]PDA
	0.83
	1.93
	3.37
	4.23
	5.33
	5.97
	7.30
	8.90
	9.00

	CDA
	0.87
	1.67
	2.93
	3.37
	4.27
	5.37
	6.30
	7.23
	8.83

	OMA
	0.53
	2.17
	3.33
	4.07
	5.00
	5.77
	7.03
	8.07
	9.00

	MEA
	0.67
	1.67
	2.47
	3.40
	4.83
	5.57
	6.53
	7.77
	8.94

	Temperature mean irrespective of media
	0.73 a
	1.86 a
	3.03 a
	3.77 a
	4.86 a
	5.57 a
	6.79 a
	7.99 a
	8.94 a

	Media
	T2 (24oC)

	PDA
	1.07
	2.43
	3.40
	4.67
	5.80
	6.70
	7.87
	8.97
	9.00

	CDA
	1.03
	2.07
	3.13
	3.70
	4.73
	5.70
	6.77
	7.57
	8.91

	OMA
	1.13
	2.37
	3.30
	4.10
	5.63
	6.33
	7.43
	8.73
	9.00

	MEA
	1.13
	2.17
	3.53
	3.90
	5.07
	6.03
	7.03
	8.03
	9.00

	Temperature mean irrespective of media
	1.09 b
	2.26 b
	3.34 b
	4.09 b
	5.31 b
	6.19 b
	7.27 b
	8.32 b
	8.98 a

	Media
	T3 (28oC)

	PDA
	2.63
	3.73
	4.73
	5.87
	6.77
	7.90
	8.87
	9.00
	9.00

	CDA
	2.13
	3.07
	4.20
	4.87
	5.87
	6.73
	7.23
	8.13
	9.00

	OMA
	2.43
	3.67
	4.57
	5.77
	6.53
	7.27
	8.50
	8.97
	9.00

	MEA
	2.43
	3.47
	4.37
	5.23
	6.17
	6.97
	8.03
	8.77
	9.00

	Temperature mean irrespective of media
	2.41 c
	3.48 c
	4.47 c
	5.43 c
	6.33 c
	7.22 c
	8.16 c
	8.72 c
	9.00 a

	Media Mean across all temperatures

	PDA
	1.51 b
	2.70 c
	3.83 c
	4.92 d
	5.97 d
	6.86 d
	8.01 d
	8.95 d
	9.00 b

	CDA
	1.34 a
	2.27 a
	3.42 a
	3.98 a
	4.95 a
	5.93 a
	6.77 a
	7.64 a
	8.92 a

	OMA
	1.37a
	2.73 c
	3.73 b
	4.64 c
	5.72 c
	6.46 c
	7.66 c
	8.59 c
	9.00 b

	MEA
	1.41 a
	2.43 b
	3.46 a
	4.18 b
	5.35 b
	6.19 b
	7.20 b
	8.19 b
	9.00 b

	SEm±for temperature
	0.02
	0.02
	0.02
	0.03
	0.02
	0.03
	0.03
	0.03
	NS

	CD.05 for temperature
	0.04**
	0.08**
	0.07**
	0.08**
	0.06**
	0.07**
	0.07**
	0.09**
	-

	SEm± for media
	0.02
	0.02
	0.03
	0.04
	0.02
	0.03
	0.03
	0.04
	NS

	CD.05 for media
	0.05**
	0.05**
	0.08**
	0.09**
	0.07**
	0.08**
	0.08**
	0.10**
	-

	SEm± for  temp*media
	0.04
	0.04
	0.05
	0.07
	0.05
	0.06
	0.06
	0.07
	NS

	CD.05 for temp*media
	0.09**
	0.09**
	0.13**
	0.16**
	0.12**
	0.14**
	0.14**
	0.18**
	-



D = Days; PDA = Potato dextrose Agar; OMA = Oat meal Agar; MEA = Malt extract agar; CDA = Czapek dox Agar; SEm = Standard error of mean; CD = Critical difference; ** = Significance at 0.01%; NS = non-significant
Growth characteristics or colony morphology of C. manihotis
Colletotrichum manihotis from fishtail palm showed differences in colony appearance when grown on four media at 21 °C, 24 °C, and 28 °C (Table 3). At 21 °C and 28 °C, the fungus grew whitish, cottony, and fluffy on all media. At 24 °C, dense cottony growth occurred on PDA, CDA, and OMA, while MEA supported only thin mycelial growth (Fig. 6).
At the back side of the Petri plates, it showed distinct mycelial growth on different media. At 21 °C, thin whitish growth appeared on CDA, thick whitish cottony growth on PDA, yellowish-white thick growth on OMA and light brownish thick growth on MEA. At 24 °C, CDA and OMA supported thick whitish and yellowish white growth respectively, while PDA and MEA showed thin whitish and yellowish white mycelia. At 28 °C, PDA, CDA, and MEA exhibited thick whitish growth, whereas OMA showed thin light yellow mycelial growth (Fig. 7).
The growth characteristics of Colletotrichum musae isolates were studied by Ranjitham et al. (2011) on seven different solid media and blakish white coloured colonies were observed on PDA medium and OMA medium. Grahovac et al. (2012) and Lee et al. (2020) reported that Colletotrichum isolates developed velvety, gray colonies with slightly undulating margins on PDA. Initially, the mycelium appeared snow-white, gradually turning pale gray as the culture aged. The colony’s underside ranged from cream to pale gray or tan and never became dark, consistent with the colony characteristics of C. acutatum described by Strandberg and Chellemi (2002).
Admassie et al. (2015) classified Colletotrichum colony colors into three categories: whitish, gray, and black to white. Among the isolates studied, three exhibited whitish colonies, three showed gray colonies, and one displayed a black-to-white colony coloration. 
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Figure 7: Colony morphology of 
Colletotrichum 
manihotis
 in different media at different temperature (Back side).
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Figure 6: Colony morphology of 
Colletotrichum 
manihotis
 in different media at different temperature (Front
 
side).
)
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Table 3: Colony characteristics of 
Colletotrichum
 
manihotis
 in different media at different temperatures
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	[bookmark: _Hlk183965628]Growth media
	Colony morphology
(Front side)
	Colour of colony
(Front side)
	Colony morphology (Back side)
	Colour of colony (Back side)

	21⁰C

	PDA
	Very thick, cottony, appressed growth with irregular margin.
	Whitish.
	Thick cottony mycelial growth.
	Whitish with a blackish ring.

	CDA
	Cottony fluffy mycelial growth.
	Whitish.
	Thin cottony mycelial growth.
	Whitish.

	OMA
	Cottony thick mycelial growth with concentric rings with irregular margin.
	Whitish.
	Thick mycelial growth.
	Yellowish whitish.

	MEA
	Thick, cottony growth with concentric rings towards the margin. Margin is irregular.
	Whitish.
	Thick mycelial growth.
	Light brownish white colour.

	24⁰C

	PDA
	Thick, cottony, fluffy mycelial growth with irregular margin.
	Whitish.
	Thin mycelial growth.
	Whitish.

	CDA
	Thick, cottony growth with irregular margin and more fluffiness compared to other media.
	Whitish.
	Thick mycelial growth with concentric rings towards centre.
	Whitish.

	OMA
	Fluffy uniform growth of mycelia.
	Whitish growth with yellowish centre.
	Thick mycelial growth.
	Yellowish white.

	MEA
	Very thin mycelial growth surrounding the point of inoculation with regular margin.
	Whitish.
	Very thin mycelial growth.
	Yellowish.

	28⁰C

	PDA
	Fluffy mycelial growth with concentric rings and margin is irregular.
	Whitish.
	Thick mycelial growth with a circle at the centre.
	Greyish white.

	CDA
	Compressed, cottony mycelial growth with regular margin.
	Whitish.
	Thick mycelial growth with dark coloured centre.
	Whitish colour with blackish centre.

	OMA
	The mycelia surrounding the point of inoculation are very thin, non-fluffy and appressed to the medium. Beyond this zone the mycelia are thick, fluffy and cottony.
	Whitish.
	Very thin growth at the surrounding the point of inoculation. Beyond this zone the mycelial growth is cottony.
	Light yellowish.

	MEA
	Thin appressed mycelial growth with regular margin.
	Whitish mycelia with yellow centre.
	Thin mycelial growth.
	Whitish.



Influence of media, temperature and media × temperature on fungal biomass production of C. manihotis across temperatures
[bookmark: _Hlk110983332][bookmark: _Hlk110588394] The effect of four different growth media viz PDB, CDB, OMB and MEB on the biomass production of Colletotrichum manihotis was assessed at six days, irrespective of temperature (Fig. 8). Among the media tested, PDB proved to be the most suitable for promoting fungal dry biomass after six days of incubation (Udhayakumar et al., 2010; Sandhya et al., 2005; Juarez et al., 2000). In comparison, CDB, OMB and MEB supported similar levels of biomass, with no significant differences observed among them (Table 4). These results indicate that PDB provides a more favorable nutrient environment for the growth and biomass accumulation of C. manihotis.

Figure 8: Effect of media on biomass production (g) of Colletotrichum manihotis irrespective of temperatures at 6 days after inoculation
Table 4: Effect of media on biomass production (g) of Colletotrichum manihotis irrespective of temperatures at 6 days after inoculation.
	Growth media
	Fungal biomass (g)

	PDB
	0.303b

	CDB
	0.221a

	OMB
	0.204a

	MEB
	0.242a

	SEm±
	0.012

	CD0.5
	0.035



PDB = Potato dextrose broth; CDB = Czapek dox broth; OMB = Oat meal broth; MEB = Malt extract broth; SEm = Standard error of mean; CD = Critical difference
 The impact of three temperatures (21 °C, 24 °C and 28 °C) on the biomass production of Colletotrichum manihotis was evaluated, independent of the four growth media (PDB, CDB, OMB, and MEB), with dry fungal biomass measured up to six days after inoculation (Fig. 9). Results indicated that temperature had no significant effect on the dry biomass production of the fungus (Table 5).

Figure 9: Impact of temperature on fungal Biomass (g) of C. manihotis at Day 6, across  media
Table 5: Effect of temperatures (0C) on biomass production (g) of Colletotrichum manihotis irrespective of media at 6 days after inoculation
	Temperatures 
	Dry biomass (g)

	210C
	.24a

	240C
	.24a

	280C
	.25a

	SEm±
	NS

	CD0.5
	-











‘SEm' refers to the standard error of the mean, and ‘CD’ denotes the critical difference.
[bookmark: _Hlk110984016]The combined effect of four media (PDB, CDB, OMB and MEB) and three temperatures (21 °C, 24 °C, and 28 °C) on the biomass production of Colletotrichum manihotis at six days after inoculation was found to be significant (Table 6). Among the combinations tested, PDB at 28 °C and 24 °C produced the highest fungal dry biomass compared to the other media and temperature conditions (Fig. 10). 
[image: ]Figure 10: Growth of Colletotrichum manihotis on 4 broth media (PDB, CDB, OMB and MEB)
Table 6: Effect of media*temperatures on biomass production (g) of Colletotrichum manihotis, at 6 days after inoculation	.
	Growth media
	Biomass (g)

	21ºC

	PDB
	0.291

	CDB
	0.202

	OMB
	0.194

	MEB
	0.241

	240 C

	[bookmark: _Hlk110293517]PDB
	0.315

	CDB
	0.214

	OMB
	0.192

	MEB
	0.241

	280 C

	PDB
	0.312

	CDB
	0.243

	OMB
	0.224

	MEB
	0.255

	SEm±
	0.031

	CD0.5
	0.090



PDB = Potato dextrose broth; CDB = Czapek dox broth; OMB = Oat meal broth; MEB = Malt extract broth; SEm = Standard error of mean; CD = Critical difference

Fungicide sensitivity analysis

Mancozeb 50% WP inhibited the mycelial growth of Colletotrichum manihotis by 20.1%, 32.4%, 64.3%, 72.3%, and 88.2% at 10, 25, 50, 100, and 200 ppm, respectively, with complete inhibition observed at 400 ppm and higher (Fig. 11). In comparison, Difenoconazole 25% EC caused 44.5%, 63.2%, and 81.2% inhibition at 10, 25, and 50 ppm, respectively, achieving full inhibition at 100 ppm and above (Fig. 12; Table 7). Overall, Difenoconazole 25% EC was more effective than Mancozeb 50% WP against the anthracnose pathogen. The EC₅₀ values were 38.5 ppm for Mancozeb 50% WP and 13.3 ppm for Difenoconazole 25% EC (Table 8). These results align with previous studies, where Gao et al. (2017) reported that systemic difenoconazole inhibited Colletotrichum acutatum more effectively than mancozeb. Similarly, Mahesh et al. (2020) found that difenoconazole 25% EC completely suppressed the mycelial growth of Colletotrichum gloeosporioides, the causal agent of anthracnose in pomegranate.

Table 7: Inhibition (%) of Colletotrichum  manihotis Mycelial Growth by Two Fungicides Compared to Control

	
Fungicides Tested
	percentage inhibition of fungal growth relative to control at

	
	0 ppm
	10 ppm
	25 ppm
	50 
ppm
	100 ppm
	200 ppm
	400 ppm
	800 ppm

	Mancozeb 50% WP
	0
	20.1
	32.4
	64.3
	72.3
	88.2
	100
	100

	Difenoconazole 25% EC
	0
	44.3
	63.2
	81.2
	100
	100
	100
	100




Table 8: Regression and correlation analysis of fungicidal toxicity against Colletotrichum manihotis and determination of ec₅₀ values
	Fungicides Tested
	Chemical name
	Regression equation (RE)
	Simple correlation (r)
	EC50 (ppm)

	Indofil M-45
	Mancozeb 50% WP
	Y= 1.5312x + 2.5736
	0.98*
	38.5

	Score 25 EC
	Difenoconazole 25% EC
	Y= 1.4596x + 3.36
	0.99*
	13.3





















[image: ]Figure 11: Fungal Growth Inhibition (%) of C. manihotis at Seven Mancozeb concentrations

Figure 12:  Fungal Growth Inhibition (%) of C. manihotis at Seven Difenoconazole concentrations


CONCLUSION

The pathogen responsible for severe anthracnose on fishtail palm leaves was identified as Colletotrichum manihotis based on conidial measurements and cluster analysis. Among the culture media tested, PDA supported the highest mycelial growth, followed by OMA, MEA and CDA. Radial growth varied with temperature, with 28 °C promoting maximum growth and 21 °C the minimum. For biomass production, Potato Dextrose Broth (PDB) outperformed CDB, OMB and MEB after six days of inoculation. Of the fungicides evaluated, Difenoconazole 25% EC was more effective than Mancozeb 50% WP, exhibiting dose dependent inhibition with EC₅₀ values of 13.3 ppm and 38.5 ppm, respectively.This study represents the first scientific report of anthracnose of fishtail palm caused by Colletotrichum manihotis from India, providing baseline information for the development of effective disease management strategies.
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