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Characterization of Agroathelia rolfsii causing
fruit rot disease in Jackfruit

ABSTRACT

Symptoms of characteristic rot was observed on jackfruits (Artocarpus heterophyllus) of
Thrissur district in Kerala. This study investigates, the symptomatology, pathogenicity and
identification of the causal organism for fruit rot disease. The isolation of fungal sample was
obtained from Thrissur district during the month of November 2023. The isolated fungus was
successfully grown on potato dextrose agar medium and was characterized. Based on its
cultural, morphological traits and molecular characterization, the fungus was identified as
Agroathelia rolfsii (teleomorph: Athelia rolfsii, anamorph: Sclerotium rolfsii). In the molecular
characterization by amplifying internal transcribed spacer (ITS) region using the ITS1 and ITS4
primer pair, the isolate TK2 showed high per cent identity of 99.35 per cent and query coverage
100 per cent with Agroathelia rolfsii in blastN search. Phylogenetic analysis of the internal
transcribed spacer (ITS) and large subunit (LSU) genes played a key role in confirming the
species identity. Athelia rolfsii has been reported for the first time to cause fruit rot disease on
jackfruit, from Thiruvananthapuram by Sajeena et al. [1]. This study reports the infection of
Agroathelia rolfsii, on jackfruit from Thrissur district. These soil-borne pathogen can spread
easily and stay dormant in soil in the form of sclerotium for long time, hence it is essential to
improve the management strategies and prevent its spread to other crops, for that further
studies need to be conducted. This study was conducted at Department of Plant Pathology,
College of Agriculture, Vellanikkara, Thrissur, Kerala between November 2023 and June 2024.
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1. INTRODUCTION

Jackfruit (Artocarpus heterophyllus Lam., family Moraceae) is a valuable fruit crop,
both economically and nutritionally. However, its cultivation is significantly affected by various
fungal diseases, which necessitates effective disease management practices. The fruit rot
diseases in jackfruits and other plant parts are a serious disease prevalent these days. This
study aims to isolate, and characterize the pathogen causing fruit rot disease in jackfruits,
along with their symptom development. Marak et al. (2022) reported ten fungal diseases on
A. heterophyllus in Nokrek Biosphere Reserve including leaf spot, fruit rot, root rot and rust
disease [2]. There are also fruit rot causing fungal pathogens which can cause diseases on
jackfruit flowers and fruits, particularly in regions with high rainfall [3]. Among the soilborne
plant pathogens, Athelia rolfsii is a fungus commonly found in warm temperate and subtropical
regions [4,5]. Athelia rolfsii, was reported to infect over 600 plant species across temperate,
tropical, and subtropical regions [6], leading to significant economic losses in various
agricultural sectors [4,7,8,9]. The initial symptoms of the disease were found to appear with
sudden elevation in humidity and the temperature around 28-33°C. Due to its wide host range
and adaptability to diverse environmental conditions, this pathogen exhibits considerable
genetic, morphological, and pathogenic diversity [10,11]. According to Aycock et al. [4]



Sclerotium rolfsii is pathogen that has a host range of more than 500 plant species, comprising
of dicotyledonous and monocotyledonous species. The characterization and symptom
development of Agroathelia rolfsii provides critical insights essential for designing effective
biological control. By understanding the pathogen's specific traits and growth conditions,
potential biocontrol agents can be recognized and developed to mitigate its harmful effects in
commercial jackfruit cultivation.

2. MATERIAL AND METHODS

2.1 Sample collection, isolation of pathogen and pathogenicity studies

The pathogen was isolated from the diseased jack fruit collected from Kodungallore,
Thrissur District (10.588089%/ 76.215150°). The pathogen was isolated with the standard
protocol of tissue segmentation method [12]. Diseased and healthy tissue sections were cut
into small pieces ranging from 1.0 to 1.5 cm using sterile blades. These pieces were surface
sterilized by immersing them in one per cent sodium hypochlorite solution for one minute. After
being rinsed three times with sterile water, the excess moisture was removed using sterile
blotting paper. The tissue bits were then placed in sterile Petri dishes containing solidified
potato dextrose agar (PDA) medium amended with antibiotics to prevent bacterial
contamination. Four bits were placed on a single Petri dish, and incubated for 1-2 days at
room temperature (24+ 2 °C). Fungal growth was monitored daily, and the hyphal tips were
aseptically transferred to fresh PDA and maintained in slants.

The pathogenicity of the fungal isolate TK2 was carried out and the symptoms of the
diseases were studied in detail under natural and artificial conditions by conducting
pathogenicity test and proving Koch’s postulates. The study involved inoculating fungal
mycelial bits onto detached healthy jack fruits. The fungal isolate’s ability to infect jackfruits
were evaluated using the Mycelial Bit Inoculation Method (MBIM) as described by Rocha et
al. [13] under artificial conditions. Mycelial bits, of 8mm diameter, were taken from the actively
growing edges of four-day-old fungal cultures. These mycelial bits were placed in an inverted
position on the surface of healthy jackfruits with pin prick [14] made using a sterile dissection
needle. A pad of sterile cotton moistened with sterile water was placed above the inoculated
portion and again covered with polythene bags to provide humid condition. The cotton was
watered frequently to prevent it from losing moisture until the symptom appears. A fruit without
inoculating with the pathogen was kept as control. Then the observations were taken until the
symptom occurs. Different stages of symptom expression, including mycelial growth,
characteristics colour and, the time required for symptom development, were documented.

2.2 Cultural and Morphological characterization

Cultural and morphological characterization of the isolate TK2 were studied. An eight
mm mycelial disc from five days old fungal culture was transferred onto a Petri dish containing
PDA medium. The plates were incubated at room temperature (24+ 2 °C), and diameter of the
colony was measured every 24 hours for 3 days. To observe sclerotia formation, the plates
were incubated for 12 days at 24+ 2 °C. The number of days taken for the sclerotia production
were noted and their size was measured using micrometry in 40X. The slide culture technique
was carried out to observe the mycelial growth and the presence of clamp connections. For
that Whatmann No. 1 filter paper was sterilized and placed in a sterile petri dish. A sterile bent
glass rod was positioned at the bottom of the dish, and 2 ml of sterile distilled water was added.
A sterile glass slide was then placed on top of the bent rod. Using a sterile needle, a small
square (around 1 x 1 cm) of plain agar (PA) was carefully cut and placed at the center of the
slide. The agar block was inoculated with a small quantity of fungus under study on all four
sides using a sterile inoculation needle. A heat-sterilized coverslip was then gently placed over
the agar block. These inoculated plates were incubated at room temperature for 3 to 5 days.



Once the desired growth was observed, the slides were prepared for permanent mounting by
adding a few drops of lactophenol cotton blue. This was observed under a microscope, and
characters were observed.

2.3 Molecular characterization and phylogenetic analysis

The selected fungal pathogen, TK2 causing fruit rot, isolated from the diseased
jackfruit was selected for molecular characterization. For the species level identification, the
ITS region was amplified using the universal primers ITS1/ITS4.

3. RESULTS AND DISCUSSION

3.1 Symptoms under natural condition and artificial conditions

The samples were obtained from jack fruits with characteristic rotting symptoms along
with numerous sclerotia production from house premises of Kodungallore, at Thrissur district
(Fig. 1). The isolation of the pathogens was successfully accomplished with the mycelial
growth in the isolation plate after two days of incubation (Fig. 2). Symptoms of the isolate TK2
was observed under natural conditions with fruit rot accompanied with pure white coloured
fluffy mycelium, in fan-shape, along with abundant production of brown to blackish sclerotia.
Similar to this result, Sajeena et al. [1], reported the first report of fruit rot infection caused by
Athelia rolfsii in jackfruit in India, Kerala, Thiruvananthapuram. Elahi et al. [15] on 2021 had
reported the occurrence of fruit rot disease on jackfruit (Artocarpus heterophyllus) caused
by Athelia rolfsii (Sclerotium rolfsii) for the first time in the world. In July 2022, jackfruit rot was
first detected at the base of the trees in an orchard located in Zhanjiang, Guangdong
(21°9'27"N, 110°17'54"E) China [16].

The artificial symptoms were observed 4 days after inoculation (DAI) and mycelia was
spread on all directions on the fruit surface on six-days- after inoculation (Fig. 3. A, B). On ten
days after inoculation, the mycelia spread on the fruits completely and nhumerous numbers of
sclerotia bodies on the rind and fruit peduncle was observed (Fig. 3.C). Fruits started to rot
and bad odour was produced. There were no symptoms on the fruit kept as control. Finally,
the pathogen was reisolated from the fruit with symptom, and Koch’s postulates were proved.
Similar pathogenicity studies were conducted by Sajeena et al. [1] by inoculating pathogen on
five mature jackfruits, with 5 mm mycelial discs of 5-day-old culture on the rind. The incubated
fruits were observed with the signs of rotting on the fruits by the 10" day of incubation.

Figure 1. Natural symptoms of isolate, TK2 from Kodungallore, Thrissur district



Figure 2. A) Natural symptoms of selected isolate with sclerotia B) Isolation
plate of pathogen

Figure 3. Artificial symptoms observed A) 3 DAI B) 6 DAI C) 11 DA,
along with sclerotia production

3.2 Cultural and morphological characters

The cultural characters were observed in the PDA media with abundantly growing
white colored uniform mycelia, with growth rate of 2.25 cm per day. The coarse hyphal strands
with ropy appearance were observed in the culture plate with distinctive fan-shaped pattern
(Fig. 4). After 10-12 days of incubation on room temperature (24+ 2°C), spherical or irregularly
shaped sclerotium bodies with mix of white and brown colour was formed on the culture plate.
The morphological characters of the pathogen include hyaline and septate hyphae, with



profuse branching and presence of clamp connections. Sclerotia produced were measured
and average diameter of a sclerotium was found to be 0.6 mm. Sajeena et al. [1] reported
circular, tan to brown sclerotia (0.3 to 2.0 mm) on after 5 days after incubation. Similar results
were also reported by Yi et al., [16] where the hyphae of the isolates were transparent,
branched, and exhibited clamp connections at the septa.

Figure 4. A) Front view, B) Rear view, C) Septate hyphae with clamp connections

3.3 Molecular characterization and phylogenetic results

In the molecular characterization the isolate TK2 showed 99.35 per cent identity and
100 per cent query coverage with Agroathelia rolfsii isolate SRYLB (MT 560347) in BLASTn
program. The amplicon size of the sample was found to be 660 bp. The sequence of the isolate
TK2 (Fig. 5) was deposited in the GenBank with accession number PQ650119. The
Phylogenetic analysis of the ITS sequences showed close identity of the fungus, with the ITS
sequences of other Agroathelia rolfsii isolates also. TK2 had showed 100 per cent query
coverage with other isolates with accession number viz., MT 560347, MN 872304, and MN
696630. Comparing the cultural, morphological and molecular data, the fungus was identified
as Agroathelia rolfsii. The sequences were aligned using the ClustalW program, and a
phylogenetic tree was constructed using MEGA 11 software. The Maximum Composite
Likelihood (MCL) method was applied, and the phylogenetic tree was validated by bootstrap
analysis with 1000 replicates (Fig. 6). Similarly, in the study conducted by Sajeena et al.
BLASTnN analysis of the ITS region showed a 99.62% identity with multiple isolates of Athelia
rolfsii and phylogenetic analysis based on ITS sequences confirmed its identity, with the ITS
sequences of A. rolfsii isolates (MT 126471, MT 308987, and MK 300726).

In the evidence of first report of fruit rot in jackfruit (Artocarpus heterophyllus) in
China, Yi et al. [16] obtained Athelia rolfsii (Sclerotium rolfsii), in which the precise identification
of the fungus, was done using the primer pairs ITS1/ITS4 and V9G/LR5 by amplifying the
internal transcribed spacer (ITS) gene and large subunit rRNA (LSU) gene of the isolate
CASS-BLM-1.


https://www.ncbi.nlm.nih.gov/nuccore/PQ650119

GTTGTGCTGGCAATAAATATTGCATGTGCACACTCTGAAGCTATATAACACAT
ACACCTGTGAACCAACTGTAGTCTGGAGAAATCCTGACTATGATTACTCTATA
TAACTCTTATTGTATGTTACATAGAACGATCTCATATTGAAGCTTTGTTTTTTTT
TACAAGTTTCTCTTAATTGAAAAATACACAACTTTCAACAACGGATCTCTTGGC
TCTTGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAG
AATCCAGTGAATCATCGAATCTTTGAACGCACCTTGCGCCCTTTGGTATTCCG
AGGGGCATGCCTGTTTGAGAGTCATTAAATTCTCAACCTTACAAATTTTTGTA
TTTGTCAAGGCTTGGATGTGAGAGTTGCTAGTTAAGAATATCTGACTGGCTCT
CTTTAAAATTATTAGTAGGACATATAGAAATGCCTGCGGTTGGTGTGATAATA
TGTCTACGCCTATACCAAAGGGGATTCTAGCTTGTATGCACTACTTATAAAAT
CATGCGCATATATCTAGCATATAAGTGCATACATTGACCATTTGACCTCAAAT
CAGGTAGGACTACCCGCTGAACTTAAGCATATCAATAAGGCGGAGGAAAAG
GATCATTATTGAATTCATATATGCAAAGGAGTTGTGCTGGCAATAAATATTGC
ATGTGCACACTCTGAAGCTATATAACATATACACCTGTGAACCAACTGTAGTC

Figure 5. Nucleotide sequence of ITS region of Agroathelia rolfsii, TK2
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Figure 6. Phylogenetic tree from internal transcribed spacer (ITS) sequences created
by Maximum likelihood method

4. CONCLUSION

Kerala, a major jackfruit producing state in India, has ideal conditions for fungal
infection due to its warm temperature and acidic soil. High temperature and humid
environment favours the growth and development of the pathogen Athelia rolfsii [5]. In the
current research, the pathogen Agroathelia rolfsii was identified as the causative agent of rot
in jackfruit, through cultural, morphological and molecular characterizations. The pathogen
poses significant challenges in terms of control due to the production of sclerotial bodies,
which allow its persistance in the environment, even in the absence of suitable hosts. Thus,



A.rolfsii can be a potential threat to jackfruit production in the future. So, it is crucial to conduct
an extensive survey to prevent its spread and integrated disease management can be
developed for ensuring the protection of commercial jackfruit cultivation in a sustainable way.
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