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Characterization of Colletotrichum Isolates: Causal Agents of Postharvest Anthracnose Disease of Avocado cv.Hass in Myanmar
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ABSTRACT 
	Postharvest losses associated with anthracnose disease of avocado fruit have been studied in all avocado-growing countries in the world. In Myanmar, anthracnose is one of the most significant post-harvest diseases affecting avocado fruits; however, the causal agent of this disease remains unidentified. This study aimed to determine the fungal pathogen that causes anthracnose disease in the avocado cv. Hass through pathogenicity test, morphological characterization, and molecular identification in Myanmar. Avocado fruits showing typical symptoms of anthracnose disease were collected from three commercial avocado orchards, Taunggyi, He Hoe in Southern Shan State, and Pyin Oo Lwin in Mandalay region in Myanmar. Three Colletotrichum isolates were obtained, namely TG, POL, and HH. In the pathogenicity test, all isolates were pathogenic. The TG Colletotrichum isolate showed the most virulent pathogenicity, indicated by the largest lesion diameter (4.06±0.15 c among all isolates (2.35±0.19 and 2.25±0.18 cm for POL and HH, respectively). Based on the cultural characterization, these three isolates were morphologically identified as Colletotrichum spp. They were primarily whitish to greyish in color, with a white-to-black circular zone on the reverse side and a cottony, fluffy texture on the upper side. The shape of conidia was cylindrical and straight with rounded ends. The mycelial growth rate of the TG isolate is 11.92±0.32 mmday-1 and significantly different from other isolates, POL and HH (9.83±0.24,10.60±0.24mmday-1) respectively. In the molecular identification, all isolates were identified as C. gloeosporioides using ITS4, species-specific primers CgInt for C.gloeosporioides and CaInt for C. acutatum. This study investigated that this is the first report of C.gloeosporioides causing postharvest anthracnose disease in avocado cv. Hass in Myanmar.	Comment by FEGHE: Correct: cm
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1. INTRODUCTION 
Avocado (Persea americana Mill.) originated in Central America and Southern Mexico. The worldwide production of avocados was 10.47 million metric tons (MMT) in 2023 (FAOSTAT, 2023).  In Myanmar, more than 10,000 hectares of avocados are cultivated, primarily in the southern and northern parts of Shan, Chin, and Kayah States, as well as Mandalay and Upper Sagaing Regions. From 2020 to 2021, the production of avocados in Myanmar was 17,865 MT, and it was exported about 2,617 MT (MOALI, 2021). Myanmar avocados are trendy worldwide and leading the way in terms of production volumes due to higher consumer acceptance, market sales, and research and development. Some local varieties, including Amara, Little Hopong, Aung Moe, Chin Princess, and Upland Queen, suitable for both domestic and international markets, have been identified by the Myanmar Fruits and Vegetables Producer Association. Moreover, the introduced cultivars, such as Fuerte, Pinkerton, Reed, Booth 7, Buccaneer, 034, and Hass, were imported from Thailand, California, and Vietnam and cultivated in Myanmar in 2018. The avocados were exported to Thailand, Cambodia, Hong Kong, Singapore, and China (Zang, 2018). The introduced cultivars, named Buccaneer and Hass, and a local cultivar named Amara, were exported to the UK markets. The cultivar “Hass” was the most widely cultivated and dominates the commercial market due to its characteristics that make it attractive to the global market (Yahia, 2011). It was a potential major export fruit of Myanmar and is currently being multiplied in Southern Shan State, Pyin Oo Lwin, for area expansion in order to reach an export market. Currently, Hass avocados are exported to Thailand, Singapore, and Malaysia, and 5,000 MT were exported to Thailand in 2023 (Thu, 2023). 
Postharvest diseases and quality deterioration are significant limitations to the export and national marketability of avocado fruits. Postharvest losses may occur during postharvest handling, from harvest to consumption, mainly caused by diseases. The most significant postharvest diseases of avocado fruit are anthracnose caused by Colletotrichum gloeosporiodies (Penz.) and Colletotrichum acutatum, Simmonds stems end rot caused by Phomopsis spp., and bacterial soft rot caused by Erwinia carotovora. Among them, the anthracnose disease commonly causes postharvest loss during the supply chain, resulting in losses of 5-25 % in developed countries and 20-50 % in developing countries (Bustos and Moors, 2018).  Regardless of the significant losses caused by anthracnose disease in Myanmar, limited research has been conducted on cultural and molecular identification to identify the causal agents. Therefore, this study aimed to identify the morphological characteristics and molecular identification of the causal agents of postharvest anthracnose disease in the avocado cv. Hass in Myanmar.	Comment by FEGHE: Improve : are mainly...	Comment by FEGHE: Improve: at identifying

2. materials and methods 
The pathogenicity test, morphological characterization, and molecular identification were conducted at the Department of Plant Pathology, Yezin Agricultural University (YAU) from November 2024 to February 2025.
2.1 Fruits sample Collection and fungal Isolation 
Avocado cv. Hass at the commercial maturity stage was harvested from three commercial orchards in Taunggyi, He Hoe, and Pyin Oo Lwin Townships. The harvested fruits were transported within 24 hours to the Lab of the Department of Plant Pathology. The fruits were surface-disinfected with 2% (w/v) sodium hypochlorite for 2 minutes, then washed with tap water thoroughly and air-dried. The disinfected fruits were placed in a plastic box (22 cm wide × 30 cm long × 15 cm high) to maintain a high relative humidity. They were incubated at room temperature (22-25 °C) with a relative humidity of 90-95% for 12 days. The appearance of fungal diseases was observed and characterized at 3 days after incubation. The morphology of fungal spores were examined under a microscope to confirm the causal fungus, Colletotrichum species (Shaban, 2013). The causal fungi were isolated from the incubated fruits, which showed typical anthracnose disease symptoms, and cultured on 2% water agar medium. After 2-3 days of incubation, the fungal colony was transferred to potato dextrose agar (PDA) to obtain a pure culture. The causal pathogen was confirmed by inoculation into the avocado cv. Hass according to Koch’s postulate. The isolates represented from each firm were designated as the TG isolate for Taunggyi, HH for He Hoe, and POL for Pyin Oo Lwin. Each isolate was maintained on PDA for this study.	Comment by FEGHE: Improve: was
2.2 Pathogenicity of the isolates 
The isolates were cultured on PDA for 14 days.  The spore suspension was adjusted to a concentration of 106 spores mL-1 using a hemocytometer. Visually clean and healthy fruits were surface-disinfected by dipping in 2% sodium hypochlorite for 2 minutes, washed with sterilized water, and then air-dried at room temperature. After that fruits were given a wound by puncturing at the center of the fruit surface with a sterile 0.5-mm-diameter needle. Then, 10 µL of the spore suspension was placed on the wound using a micropipette. The 3 inoculated fruits were placed into a plastic container (22 cm wide × 30 cm long × 15 cm high), and incubated at 25 ºC and 90–95% relative humidity for 9 days.
After the appearance of anthracnose symptoms on the inoculated fruit, through lesions expansion at 3-day intervals for 9 days during storage. The pathogenicity of the isolates was observed by measuring the lesion diameters (cm). It was measured both horizontally and vertically, then the average lesion diameter was calculated and recorded at 3-day intervals for 9 days. 

2.3 Morphological and cultural characterization
The pure culture for each isolate was prepared by single spore culturing on PDA media. From the 7-day-old culture, mycelial discs (5 mm in diameter) were taken from actively sporulating areas near the growing edge of the culture and inoculated at the center of the media. and they were incubated at 26°C in a growth chamber (Versatile Environmental Test Chamber, MLR-352H-PE, Made in Japan). The colony diameter was measured daily up to 9 days, and the growth rate was calculated as the mean daily growth (mm day-1) over 9 days (Than et al., 2008). The spores were examined for their shape and size, including length and width, using a microscope with a camera connected to a computer (model BX43F, Made in Japan) (Prihastuti et al., 2009). 	Comment by FEGHE: Compound word: single-spore
2.4 Molecular identification of the Colletotrichum isolates
2.4.1 DNA extraction
The fungal DNA was extracted from mycelia scraped from 7-day-old cultures on PDA media. Approximately 100 mg of fungal mycelium of each isolate was harvested by scraping it with a sterile toothpick and depositing it into Eppendorf tubes. Then, the fungal genomic DNA was extracted and purified using the Fungi Genomic DNA Extraction Kit (Beijing Solarbio Science and Technology Co., Ltd., China) according to the manufacturer’s instructions. 
2.4.2 PCR identification and Gel Electrophoresis 
The DNA extracted from three Colletotrichum isolates was used as a template in PCR identification. Four primer sets were used; the first primer set, EF1F/2R, for evaluating DNA quality (O’Donnell K, 1998), the second primer set, consisting of the fungal species primers ITS1 and ITS4 (Aidoo et al., 2024; White et al., 1990) for checking  all fungal isolates and another 2 sets of species-specific primers, CgInt for Colletotrichum gloeosporiodies (Hunupolagama et al., 2016) and CaInt for Colletotrichum acutatum (Sreenivasaprasad, Sharada, Brown, & Mills, 1996) combined with the universal primer ITS4. All primer sequences, annealing temperatures (°C), and PCR product sizes for each primer are described in Table 1. Total volume of 25 µL PCR reaction was amplified, comprising 12.5 µL of Taq plus Master Mix (CoWin Biotech Co, Ltd, China), 2 µLof each primer, 2 µLof template DNA, and 6.5 µL of distilled water (ddH2O). Each primer’s PCR amplification reaction was set up by the corresponding reference as detailed in Table 1.	Comment by FEGHE: Close spacing between these words	Comment by FEGHE: Separate thses words
After PCR amplification, a 1.5 % (w/v) agarose gel with 0.01 % Gel Red (Tsingke Biotechnology Co., Ltd., Nanning, China) was poured into a casting tray with a comb to solidify and placed in an electrophoretic tank containing 1×TAE buffer with ethidium bromide. The first well of the solid gel was loaded with 5 μL of 1 kb ladder was used as a standard marker, followed by 5 μL of each amplified PCR product and control (ddH2O) at the end. The agarose gel electrophoresis was conducted at an electric voltage of 135 V for 20-25 minutes to allow movement of the amplified PCR product. After electrophoresis, the visualized DNA band was observed under UV light (CI-310 B, Bio-CRAFT, Japan), and images were photographed using a connected camera.
Table 1. Primers used for PCR analysis    
	Primers
	Primer sequences
(5′ -3′)
	Target to 
identify
	Annealing Temperature
(°C)
	PCR
Product size
(bp)

	EF-1F/2R
	ATGGGTAAGGARGACAAGAC
GGARGTACCAGTSATCATGC
	Quality of DNA
	57
	683

	ITS1
ITS4
	TCCGTAGGTGAACCTGCGG
TCCTCCGCTTATTGATATGC
	Quality of DNA
	58
	560

	CgInT
ITS4
	GGCCTCCCGCCTCCGGGCGG
TCCTCCGCTTATTGATATGC
	Colletotrichum gloeosporiodies
	         55
	450

	CaInT
ITS4
	GGGGAAGCCTCTCGCGG
TCCTCCGCTTATTGATATGC
	Colletotrichum acutatum
	          55
	490



2.5 Statistical analysis
The experimental design of the pathogenicity test was conducted in a completely randomized design with six replications. All samples were analysed in triplicate and expressed as mean ± SE. The data were subjected to analysis of variance (ANOVA) using SPSS Statistics version 25. The descriptive statistics were used in morphological characterization. 
3. results and discussion
3.1 Disease symptoms development and Pathogenicity of the fungal isolates 
Avocado cv. Fruits collected from three different locations showed the anthracnose disease symptoms initiated at 3 days after incubation. Typical symptoms of the sunken necrotic black lesions with the formation of an orange conidial mass were observed on the fruit surface, as in Figure 1.  The necrotic black lesions expanded and completely covered the fruits at 9 days after inoculation. As the disease progressed, the affected fruit became blackened and rotted, resulting in the internal flesh being damaged.
The obtained three fungal isolates were designated as TG from Taunggyi Orchard, POL from Pyin Oo Lwin, and HH from He Hoe Orchard. All isolates were confirmed as Colletotrichum isolates and were pathogenic. Based on external and internal vascular browning symptoms, the TG isolate was the most virulent, as shown in Figure 2 (a). The lesion diameter caused by the TG isolate (4.06±0.15cm) was also the most significant compared to the other two isolates, POL, and HH (2.35±0.19 and 2.25±0.18 cm), respectively, at 9 days after inoculation (Table 2).
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Figure 1. Anthracnose symptoms appearance on Avocado cv. Hass
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(a)                                                (b) 			     (c)
Figure 2. External and internal symptoms of avocado cv. Hass inoculated by the Colletotrichum isolates (a) TG, (b) POL, (c) HH after 9 days of incubation at 26 °C. 

Table 2. Lesion diameter (cm) on the inoculated fruits by the Colletotrichum isolates and the pathogenicity of the isolates  
	Colletotrichum
Isolate
	Lesion diameter (cm)
	Pathogenicity 

	
	Day 3
	Day 6
	Day 9
	

	TG
	1.66±0.16a
	3.03±0,16a
	4.06±0.15a
	+

	POL
	1.00±0.16b
	1.52±0.13b
	2.35±0.19b
	+

	HH
	 .33±0.23ab
	1.43±0.24b
	2.25±0.18b
	+

	LSD(0.05)
	0.22
	1.00
	1.00
	

	Pr˃F
	<0.001
	<0.001
	<0.001
	

	CV%
	24.74
	45.00
	35.23
	


*Means followed by the same letters in each column are not significantly different at 5% level
“+’ indicated that the collected isolate is pathogenic to the avocado fruit

3.2 Morphological and Cultural Characterization
The mycelial growth rate significantly differed among the isolates within the range of 9.83 to 11.92 mm day-1. The mycelial growth rate of the isolate, TG, was the fastest that had 11.92±0.32 mm day-1 while the POL and HH isolates had 9.83±0.24 and 10.60±0.24 mm day-1 on PDA media, respectively (Table 3). There had been reported that the average growth rate of C. gloeosporioides isolates of avocado fruit from Israel and California ranged within  3.8 to 12.0 mm day-1 on PDA (Freeman, Katan, & Shabi, 1998). Conidia of the isolates were cylindrical and straight, with rounded ends (Figure 3: c, f, i), but the size of the conidia varied, especially in length of the conidia. Obviously, the conidial length of the isolate, TG was larger (16.27±1.58 µm) and width (5.29±0.64 µm) than those of others (Table 3).  It was also a variation in colony colour by the isolates, such as a whitish to a greyish color on the upper side, and a white, creamy to black circular zone on the reverse side, and cottony (Figure 3). Similar findings were reported by (Zakaria & Bailey, 2000) for the isolates of C. gloeosporioides from avocado fruits. The isolates, TG and POL colonies, had a cottony and fluffy texture, and the HH isolate had a cottony texture.  	Comment by FEGHE: Introduce a comma after this word	Comment by FEGHE: Improve: It had..
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Figure 3. Morphological and cultural characterization of three Colletotrichum isolates, the colony colour of front view (a, d, g); reverse view of the colony colour (b, e, h) and shape of the conidia (×400) produced by the TG, POL, and HH isolates on PDA media, respectively. 
Table 3. Mycelial growth rate, size of the conidia, and colony character of the Colletotrichum isolates
	Isolates
	Mycelial growth rate
(mmday-1)
	Conidia
	Colony character

	
	
	Length
(µm)
	Width
(µm)
	Shape
	Color
	Texture

	TG
	11.92±0.32a
	16.27±1.58a
	5.29±0.64a
	
Cylindrical

	White to grey, black circular zones in reverse
	Cottony and fluffy

	POL
	9.83±0.24c
	9.02±1.48c
	3.73±0.81b
	
Cylindrical

	White to grey, creamy zones in reverse
	Cottony

	HH
	10.60±0.24b
	12.13±0.55b
	4.40±0.37b
	
Cylindrical

	White to grey, black circular zones in reverse
	Cottony and fluffy

	LSD(0.05)
	1.41
	1.20
	0.48
	
	
	

	Pr˃F
	<0.001
	<0.001
	<0.001
	
	
	

	CV%
	7.47
	29.16
	17.49
	
	
	


*Means followed by the same letters in each column are not significantly different at 5% level

3.3 Molecular identification of the Colletotrichum isolates
The Colletotrichum isolates were confirmed as C. gloeosporioides by the species-specific primer CgInt and the ITS4 universal primer through the amplification of a 450 bp PCR product for all isolates, TG, POL, and HH (Figure 4).  The isolates were also checked by species-specific primer CaInt, and the ITS4 universal primer that amplified for C. acutatum, resulting in no amplification, which proved the isolates were not C. acutatum (Figure 5). To our knowledge, this is the first report on the identification of C. gloeosporiodes causing anthracnose disease of avocado fruit in Myanmar by molecularly. It pointed out that there are C.gloeosporioides associated with avocado anthracnose diseases in orchards of Taunggyi, Pyin Oo Lwin, and He Hoe Townships
[image: ]
Figure 4: Gel analysis of PCR amplification products using species-specific primer Cgint, Lane M: Ladder (1kb); Lane 1. TG isolate, lane 2: POL solate, lane 3: HH isolate, lane 4: Fusarium isolate-1, lane 5: Fusarium isolate-2, and lane 6: ddH2O used as a check. 3
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Figure 5: Gel analysis of PCR amplification products using species-specific primer CainT, Lane M: Ladder (1kb); Lane 1. TG isolate, lane 2: POL isolate, lane 3: HH isolate, lane 4: Fusarium isolate-1, lane 5: Fusarium isolate-2, and lane 6: ddH2O used as a check
4. Conclusion
[bookmark: _GoBack]The Colletotrichum isolates designated as TG, POL, and HH, representing the collected locations of Taunggyi, Pyin Oo Lwin, and He Hoe, were revealed as C. gloeosporiodies according to results of morphological and molecular identification.  In Myanmar, this is the first report of C. gloeosporiodies as the main agent causing postharvest anthracnose disease in avocado cv. Hass.  This highlights the emerging role of Colletotrichum as a postharvest pathogen of concern, underscoring the need for increased awareness and targeted management approaches for C. gloeosporioides in avocado production.
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