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ABSTRACT
Flacourtia montana J. Graham wild edible fruit tree, endemic to the Western Ghats, India
was found infected with leaf spot disease. Based on morphological characteristics, molecular
analyses (ITS and LSU) and pathogenicity, the pathogen was identified as Lasiodiplodia
theobromae (Pat.) Griffon & Maubl. (Botryosphaeriaceae).This is the first report of
L. theobromae causing leaf spots on F. montana from Western Ghats, India.
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Flacourtia montana J. Graham (Salicaceae), is a
wild edible fruit tree, endemic to Western Ghats,
India, commonly known as Mountain Sweet Thorn
and distributed in evergreen and semi-evergreen
forests at an altitude upto 1000 m asl. It is a
potential fruit-bearing tree as the fruits are rich in
reducing and non-reducing sugars, proteins,
essential micro and macronutrients (Mundaragi et
al., 2015, 2017). The fruits were good source of
natural antioxidants, so can be used as a functional
food and for pharmaceutical applications (Chand
and Azeez, 2021). The commercially viable wine
prepared from the fruit contains major phenolic
acids and had free radical scavenging property
(Mundaragi et al., 2019). Traditional practitioners
residing in the Kattunaikka tribe in Wayanad
Wildlife Sanctuary, Kerala, use the bark decoction
for liver disorders (Ratheesh et al., 2011). The
leaves possess hepatoprotective, anti-inflammatory
and antioxidant activities (Joshy et al., 2016).

Lasiodiplodia theobromae (syn. Botryodiplodia
theobromae), is a ubiquitous pathogen associated
with the dieback of woody trees and horticultural
crops in tropical and subtropical regions. The
pathogen could cause severe damage to various
tissues (twigs, bark, vascular tissue and fruits) of
affected plants and lead to economic loss (Pavlic
et al., 2007). The study aimed to identify and

characterize the causative agent associated with the
leaf spot of F. montana based on morphological,
molecular and pathogenicity studies.

Infected leaves of F. montana showing typical
symptoms of leaf spot diseases were collected from
Vazhachal forest areas (N 10° 17.028' E 076° 37.726';
± 272m asl), Vazhachal Forest Division, Thrissur
Dist., Kerala during February-March 2021 (Fig.1a).
The initial symptoms of this disease appear as very
small rust brown zone that gradually increases from
5 to10 mm in diameter, changing from circular to
elliptical lesions on the leaves (Fig. 1b & 1c).
Gradually lesions enlarge and coalesce; causing
diseased leaves to become blighted (Fig. 1d).

Infected leaves were cut into small pieces; surface
sterilized with mercuric chloride for 1 min, washed
in sterile distilled water, placed on potato dextrose
agar (PDA) plates and incubated at 27°C for 7
days. After incubation, morphologically distinct
colonies were selected, purified and used for further
studies (John et al., 2021). Colony morphology
including colour, shape and growth rate was
determined after 7 days of incubation on PDA at
25°C in darkness. Slide cultures were prepared by
agar cubes and incubated at 25±2°C for 3-5 days,
until adequate growth and conidiogenesis had
occurred. After incubation, the slide culture and
fungal morphological structures were observed
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under an Olympus SZX2 stereomicroscope and
Leica DM2000 LED compound microscope with a
DS-5Mc camera.
Pathogenicity test was evaluated on healthy
F. montana leaves using the universal protocol (Koch’s
postulates). It was performed by inoculating actively
pathogens to healthy leaves and the fresh leaves
without inoculation sprayed with distilled water served
as control. The inoculated leaves were maintained at
27°C for 7 to 12 days in a plastic box with wet sterile
filter paper for the observation of disease symptoms
(John et al., 2021).
Genomic DNA was extracted from the pure cultured
fungal plate isolate (KFRIMCC315) using the
NucleoSpin ® Plant II Kit (Macherey-Nagel). The
internal transcribed spacer (ITS1–5.8S-ITS2) region
of rDNA was amplified using the universal primers
ITS-1F & ITS-4R and larger subunit (LSU) using the
universal primers LROR & LR7 to verify the identity
of the fungus (White et al., 1990). The PCR product
was electrophoresed in a 1.2% agarose gel with a 2-
log DNA ladder marker. The PCR amplified product
was purified by gel ExoSAP-IT (GE Healthcare) and
subjected to direct sequencing using BigDye
Terminator v3.1 Cycle sequencing Kit (Applied
Biosystems, USA) following manufacturer protocol.
Obtained Sequences (ITS & LSU) were compared
with those from the Genbank database using the
BLAST software on the NCBI website. The multiple
sequence alignment was performed by using the
Clustal W program for the KFRIMCC315 sequence
along with 3 sequences of other isolates of the
Lasiodiplodia theobromae and Diplodia alatafructa
and Aspergillus candidus as outer group (Thompson
et al., 1994). Phylogenetic tree was constructed by
MEGA6 software using the maximum likelihood
method with a bootstrap of 1000 replicates (Tamura
et al., 2013).
Cultures of the isolates grew and spread as velvety,
effuse white on PDA after 7 days (Fig.1e). The
isolated fungal pathogen was observed with white-grey
fluffy mycelia (Fig. 1f) and become brownish black
with age (Fig. 1g). Blister like fruiting bodies was
produced on PDA after 20-25 days (Fig.1h). The
hyaline and cylindrical pycnidial paraphyses were
observed. Conidia were ellipsoidal with a broadly
rounded apex and thick-walled, contents granular.
Initially, the conidia were hyaline and aseptate (Fig.1i),
and then become dark brown with 1-septa

(Fig.1j&1k). The average size of the conidia is 24-
27×10-12µm (n=20). From these morphological
characteristics, we concluded that the isolated fungal
species belonged to the genus Lasiodiplodia. A
reference specimen (KFRIMCC315) was deposited in
the culture collection of the Plant Pathology
Department of Kerala Forest Research Institute
(KFRI), Peechi, Thrissur, Kerala.

After the molecular study, the obtained sequences of
the present pathogenic fungus (ITS-365 bp, and LSU-
661bp) were deposited in the Genbank as MZ707764
and MZ707765 respectively. The sequence was
analyzed through BLAST homology search the against
NCBI database (https://blast.ncbi.nlm.nih.gov/Blast)
and showed 100% similarity with the ITS and LSU
sequences of L. theobromae isolates originated from
different crops (Table 1). In the phylogenetic tree, the
representative isolate KFRIMCC315 (Dot marked)
was placed within the same clade comprising reference
strains of L. theobromae (Fig. 2 a&b). Therefore, the
pathogenic fungus was correctly and authentically
identified as L. theobromae based on both
morphological and molecular characteristics.

For the pathogenicity test, control leaves remained
symptomless and healthy (Fig. 3a), while inoculated
leaves shows brown, necrotic, margins hairy with
yellow hallow circular  spots after 6-7 days of
inoculation (Fig. 3b & 3c). The initial lesions were
observed after three days. The symptoms on the
inoculated plants were similar to those observed in the
infected plant in the field.  Fungi re-isolated from
lesions developing on the inoculated leaves were found
to be morphologically and microscopically identical to
the original isolates used for inoculation studies thus
fulfilling Koch’s postulates. The experiment was
performed in triplicate. The results revealed that L.
theobromae was found as causal agent of leaf spot
of F. montana.

Based on morphology, molecular analyses and
pathogenicity, the pathogen was identified as
Lasiodiplodia theobromae from leaves of F. montana.
The Literature survey indicates that there was no
record of L. theobromae on F. montana from all over
the world (Farr and Rossman, 2021).

L. theobromae is a pervasive pathogen belonging to
the family Botryosphaeriaceae associated with
approximately 500 hosts including perennial fruit and
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nut trees, vegetable crops, and ornamental plants
(Punithalingam, 1980) and occurs also as an
endophyte (Rubini et al., 2005; Mohali et al., 2005).
It causes damage to several crops and trees in India
including root rot and collar rot disease of physic nut
in India (Latha et al., 2009); peduncle blight of
tuberose in India (Durgadevi et al., 2019); leaf spot
of Parthenium  (Kumar et al., 2000); dieback of cocoa
(Kannan et al., 2019); immature nut rots in cashew
(Prathibha et al., 2017); tip blight disease of Dracaena
fragrans (Banerjee et al., 2017); top dying disease of
Rauvolfia serpentina (Dadwal et al., 2011).

The accurate identification of Botryosphaeriaceae
species is necessary to determine the global
distribution of these pathogen contribute to develop
effective disease management strategies, because these
species differ considerably in their interactions with
different hosts and environmental conditions (Britton
and Hendrix, 1986) Denman et al., 2003.

In the current study, based on morphological
characteristics and molecular analyses and
pathogenicity, the pathogen isolated from F. montana
was identified as L. theobromae. This is the first report
of L. theobromae causing leaf spots on F. montana
from India. Since, the plant is ecologically and
economically very important, the leaf spot caused by
L. theobromae is of great concern. Therefore, the early
detection and appropriate remedy against this pathogen
is necessary to protect the plants from this disease.

Fig. 1 (a) : Flacourtia montana habit (inset) Close up of
ripened fruits (b) Infected leaves (c) Upper surface infected
leaf (d) Enlarged view of infected portions (e) Upper and
lower view of 7-day-old colony on PDA (f) Upper and
lower view of 30-day-old colony on PDA (g) Upper and
lower view of more than one month -old colony (h)
Fruiting body (i) Immature and hyaline single celled
conidia (j) & (k) Mature, brown and septate (2 celled)
conidia. Scale bar = 20µm and 30µm

Table 1 : Isolates of Lasiodiplodia theobromae, Aspergillus candidus,
Diplodia alatafructa retrieved from Genbank.

Species name Isolate
         GenBank accession number

ITS LSU

L. theobromae* KFRIMCC315 MZ707764 MZ707765

L. theobromae MRR-153 MT075447.1 N/A

L. theobromae MRR-130 MT075443.1 N/A

L. theobromae MRR-126 MT075440.1 N/A

L. theobromae L3 N/A MN181372.1

L. theobromae N/A N/A KC442316.1

Aspergillus candidus ATCC1002(ITS)
TUMS1390(LSU) NR_077149.1 JQ846017.1

Diplodia alatafructa CBS 124931 NR_111416.1 N/A

*From this study
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Fig. 2a : Phylogenetic tree based on ITS sequences

Fig. 3 (a) : Uninoculated leaves; (b) & (c) upper and lower
view of leaves inoculated with fungal mycelium disc.

Fig. 2a, b : Phylogenetic tree representing the genetic
relatedness of Lasiodiplodia theobromae with other
isolates of Lasiodiplodia theobromae. Aspergillus
candidus, Diplodia alatafructa is used as out group
retrieved from Genbank, inferred by the maximum
likelihood method using the ITS (2a) and LSU (2b)
sequences. The robustness was evaluated with 1,000
bootstrap replicates. Our isolates are shown in bold dot
mark.

Fig. 2b : Phylogenetic tree based on LSU sequences
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