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Introduction

Banana is one of the most important fruit crops in tropical
and subtropical regions, serving as a staple food for nearly
400 million people. In India, it is cultivated over 947.80
thousand hectares with an annual production of 37766.20
thousand tonnes, while in Kerala it is the predominant fruit
crop, grown on about 102.80 thousand hectares and producing
892.99 thousand tonnes (GOI-DAFW, 2025). Among the
cultivars, Nendran (AAB) and its clones holds cultural and
economic prominence in Kerala contributing significantly
to local food security and livelihoods.

The emergence of Pitting disease, caused by a fungus,
Pyricularia angulata, has recently threatened banana
cultivation by affecting both fruit quality and marketability,
and causing considerable economic losses. The disease is
characterized by concave brown lesions on fruits and spindle/
eye-shaped spots (blast symptom) on pseudostems, petioles,
transitory leaf and peduncle etc. First described in Australia
(Tomkins, 1931) and later reported across Africa, Asia, and
America (Meredith, 1963; Hashioka, 1971; Stover, 1972;
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Abstract

Pitting disease of banana, causing characteristic concave pits on matured fruits and blast like/eye shaped lesions with dark
brown margin on transitory leaf and pseudostem, resulted economic loss by reducing the market value. The causal organism
isolated from cv. Nendran was identified as Pyricularia angulata based on cultural, morphological and molecular (NCBI
accession No. PX248378; PX222334) characteristics.The study revealed that Banana dextrose agar supported maximum
mycelial growth and sporulation, whereas Banana leaf agar performed poorly. Field trails demonstrated physical measures
like, bunch covering with polyethylenebag combined with transitory leaf removal significantly reduced the percent disease
index (PDI; 28.70) with respect to control (57.41). In field trials to control pseudostem infection, spraying of Tebuconazole
50% + Trifloxystrobin 25% WG (0.14%), before the onset of monsoon, was the most effective (PDI: 13.1; percent reduction
over control: 84.51).
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Snowdon, 1990), the disease was initially observed in India
on tissue culture plants (Sonah et al., 2009) and subsequently
on field plants (Ganesan et al., 2017a, b) of cv. Grand Nain.
In Kerala, it was first reported on Nendran with 70%
incidence and economic loss ranging from 30-50%and
particularly severe during the rainy season (Louis et al.,
2019). Cherian et al. (2020) reported increased spread of the
disease in Kerala within six months.

Although P. angulata has been confirmed as the causal
organism, limited information exists on cultural characters
of the pathogen, its survival strategies and epidemiological
patterns under Kerala’s humid tropical conditions.
Understanding how the pathogen interacts with climatic
factors such as rainfalland temperature, is crucial for
predicting outbreaks. Furthermore, recent reports of
symptoms on other banana varieties in Kerala underline the
risk of disease spread other than Nendran, warranting urgent
scientific attention (Antony et al., 2025). In India, climate
change is expected to intensify the frequency of disease
outbreaks in banana (ICAR-AICRP, 2020), with shifts in
rainfall patterns and prolonged periods of high humidity
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creating conditions favorable for fungal proliferation. Under
such scenarios, newly emerging diseases like Pitting could
spread to new regions and hosts (Anonymous, 2025; ICAR-
IISR, 2025), disrupting both local markets and international
banana trade. Strengthening epidemiological research and
pathogen characterization is therefore an essential research
component not only for Kerala but also for safeguarding
banana cultivation in other tropical production zones.

Limited information is available on the management of
Pitting disease of banana, particularly from Kerala, India.
Therefore, the development of effective management
strategies is crucial for the containment of P. angulata. To
establish a reliable spray schedule against this disease, factors
such as disease spread, airborne nature of the pathogen and
its survival on different plant parts need to be carefully
considered. Moreover, evaluating the response of selected
anti-fungal agents within the banana- pathogen system is
essential to identify suitable control measures. Antony et al.
(2025) reported that P. angulata infection in tissue-cultured
banana cultivars Nendran and Rasthali could be effectively
managed by Tebuconazole 50% + Trifloxystrobin 25% WG
(0.14%), neem oil (0.5%) and Pseudomonas fluorescens
(2%), which in turn may reduce bunch infection under field
conditions. Apart from using disease free tissue culture
banana plants, a sustainable approach utilizing physical
practices and spray of anti-fungal agents in the vegetative
phase, needs to be formulated to limit bunch spray, which
may raise residue concerns.

Addressing this challenge requires region-specific
investigations that integrate pathogen biology with
epidemiological monitoring. Unlike other major banana
diseases, Pitting disease remains poorly studied, with
fragmented reports on its occurrence, spread and impact.
Generating comprehensive data on pathogen variability will
provide critical insights for developing forecasting models
and sustainable management approaches tailored to local
production systems. In this context, the present study,
“Measures to prevent bunch infection of Pitting disease of
Nendran banana in Kerala”, was undertaken.

Materials and methods

Site of experiment and period
The trials were conducted in the research plots of the Division
of Plant Pathology, Banana Research Station, Kannara,
Kerala Agricultural University, from December 2021 to July
2024. The field experiments were carried out using tissue-
culture derived banana plants of the variety Nedunendran
(AAB).

Diseased sample collection and pathogen isolation
During the survey conducted, pitting and blast-like symptoms
were observed on matured bunches and pseudostems (Louis
et al., 2019; Antony et al., 2023). Infected samples were
collected in clean polythene bags to prevent dispersal of
pathogen propagules in the field. Isolation of the causal
organism was carried out following the procedure of Ganesan
et al. (2017a). The pathogenicity of the isolates was proved
asper standard protocol using 12-week-old tissue culture
banana plants of variety Nendran. Two isolates of P. angulata,
representing pseudostem and fruit infections, were selected
for further studies, as the investigation primarily focused on
pitting symptoms on the bunch and blast-like lesions on the
pseudostem.

Effect of different media on the growth and sporulation of P.
angulata
The isolate(from fruit) of the pathogen causing Pitting disease
of banana wasgrown on six different growth media viz.,
Potato dextrose agar, Banana leaf agar, Carrot agar, Banana
dextrose agar, Banana pseudostem agar and Mathur’s agar.
All these media were sterilized, aseptically inoculated with
mycelial discs (8 mm). The experiment followed Completely
randomized design and each treatment replicated thrice. The
colony growth, morphology, texture, colour and conidial
production on different media were examined after 15 days
of incubation at 18°C. The spores were observed on slides
after staining with lacto phenol under the light microscope
using 0-4 scale (Meena, 2005), where, 0: no spores per
microscopic field; 1: <10 spores per microscopic field; 2:
10-20 spores per microscopic field; 3:21-30 spores per
microscopic field; 4: >30 spores per microscopic field.

Molecular identification and construction of phylogenetic
tree
Genomic DNA was extracted from selected fungal isolates
(representing pseudostem and fruit) using the NucleoSpin®
Plant II Kit (Macherey-Nagel), following the manufacturer’s
protocol. The internal transcribed spacer (ITS) region was
amplified using fungal-specific primers; ITS1 (52 -
TCCGTAGGTGAACCTGCGG-32 ) and ITS4 (52 -
TCCTCCGCTTATTGATATGC-32 ). The PCR amplification
was carried out using KOD One™ PCR Master Mix (KMM-
101; TOYOBO®), a high-fidelity DNA polymerase. The
reaction mixture (50 µl) contained 2× Amplitaq Mix (25 µl),
sterile water (20 µl), DNA template (5 µl) and primers (1.25
µl each). The PCR program included an initial denaturation
at 95/ °C for 5 min, followed by 30 cycles of denaturation at
95/ °C for 30 s, annealing at 58/ °C for 30 s and extension at
72/ °C for 30 s. PCR products were verified by
electrophoresis on a 1.2% agarose gel.
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The amplicons obtained after PCR were subjected to molecular
sequencing at the Rajiv Gandhi Centre for Biotechnology,
Trivandrum. The resulted sequences were later deposited in
the NCBI database. Using these sequences, along with MEGA
12 software, a phylogenetic tree was constructed (Kumar et
al., 2024). In addition to the local isolate, NCBI deposited
sequences of P. angulata (India:OQ623314; India: OP897582;
India: MW269689; India: KU984740; India: OK147751;
China: OK147749; China: OK147750; China: MT071757;
China: GU066873) and P. grisea (USA: NR172230) were also
included in the analysis.

Evaluation of physical practices and anti-fungal agents to
prevent bunch infection
The study was conducted to evaluate the role of transitory
leaf and bunch covering in the management of Pitting disease
of banana. The experiment was carried out using
Nedunendran, cultivar of variety Nendran (AAB). A total of
11 treatments were evaluated, which include physical
practices viz., transitory leaf removal and polyethylene bunch
covering, bunch covering without transitory leaf removal,and
no removal of transitory leaf and no bunch covering (control).
Along with this, application of fungicides (Tebuconazole
50% + Trifloxystrobin 25% WG at 0.14%; Metiram 55% +
Pyraclostrobin 5% WG at 0.2%), bioagent (Pseudomonas
fluorescens at 2%), and plant oil (Neem oil at 0.5%) with
and without bunch covering and transitory leaf removal were
also included as treatments.

The experiment was laid out (2022-23) in a Randomized
Block Design with three replications, each consisting of eight
plants per replication. Recommended agronomic practices
were followed uniformly for all treatments (KAU, 2016).
Observations were recorded at the time of harvest by
assessing the percent disease index (PDI). The PDI of the
Pitting disease infected banana bunches were assessed with
0-9 scale given by Ganesan et al. (2017b). Where, 0 grade,
no pitting symptoms; 1 grade, presence of few pits on entire
bunch; 3 grade, presence of around 10-25 pits randomly on
entire bunch; 5 grade, moderate level of pits distributed over
entire bunch which affects eye appeal but still marketable; 7
grade, severe level of pits distributed over entire bunch but
difficult to market the fruits; 9 grade, completely pitted bunch
unfit for sale and some fingers detached from bunch. The
collected data were analyzed statistically to determine the
effectiveness of physical practices alone and in combination
with fungicides, bioagents, and plant oils in minimizing
disease incidence.

Evaluation of antifungal agentsto prevent pseudostem
infection of banana
The fungicides,Tebuconazole 50% + Trifloxystrobin 25%
WG (0.14%) and Metiram 55% + Pyraclostrobin 5% WG

(0.2%), the bioagent Pseudomonas fluorescens (2%), and
the plant oil Eucalyptus oil (0.5%) emulsified with Tween
80 (0.2%), were selected for field evaluation to prevent
pseudostem infection. Since early sporulation sites of P.
angulata were reported on the pseudostem of banana plants
(Ganesan et al., 2017b), preventive field sprays, before
flowering were planned to reduce the risk of severe bunch
infection and economic loss. Spraying was scheduled prior
to the onset of the southwest monsoon (April-May, 2024)
and before flowering, at seven months after planting. Each
treatment was applied twice at 15-day interval. The field
experiment was laid out in an RBD with five treatments,
each replicated four times and eight plants per replication
on variety Nendran. A 0-7 disease score chart was developed
for assessing PDI of blast symptoms on pseudostem/sucker.
Where, 0 grade, no spot on pseudostem/sucker; 1 grade, few
spots on pseudostem/sucker; 3 grade, 10-25 spots on
pseudostem/sucker; 5 grade, moderate level of spots on
pseudostem/sucker; 7 grade, severe level of spots on
pseudostem/sucker.

Statistical analysis
All statistical analyses were conducted using Kerala
Agricultural University GRAPES software (Gopinath et al.,
2020).

Results

Isolation of pathogen and pathogenicity test
The initial symptoms noticed on the surface of maturing
fruitswere pinprick like infection which was surrounded by
a reddish-brown ring/circle, but inside the ring, the peel
colour was green when new spots of dark brown colour, were
formed with an average diameter of 4-7 mm (upto 12 mm
diameter). Sometimes, the spots had water-soaked areas
instead of ring. At times, lesions also produced as direct pits
without any kind of rings or water-soaked halos around the
pitting symptoms (Fig. 1a). Colour of peel inside the ring
turned light brown within a day after the appearance of
symptom and within couple of days, the centre of the spot
developed into a shallow pit characterized by reddish brown/
black, nearly oval, concave spots. On pseudostem, typical
blast symptom or eye shaped lesions of 4-7 mm lengthand
reddish brown colour were often noticed (Fig. 1b). Similar
spots were also noticed on other parts of banana plant such
as transitory leaf, peduncle, fruit stalk, suckers and petiole,
during the field visit.

Two isolates of P. angulata obtained from Nendran variety -
one of pseudostem infection from Kasaragod (AEU 2) and
the other of fruit infection from Thrissur (AEU 15)- were
selected and designated as Pa-01 and Pa-02, respectively.
On Potato dextrose agar (PDA), the fungus initially produced

Alan C Antony, Vimi Louis, Rashmi C.R., Rahila R., Gavas Ragesh, Raji P. and Reshmy Vijayaraghavan



36

white mycelia that turned light brown with dense growth
after 7-9 days of incubation at 18°C under laboratory
conditions. The fungus fully covered the Petri dish within
12-15 days, with the upper surface appearing greyish to
brownish (Fig. 1c) and colour of the lower surface ranging
from light to dark brown, featuring characteristic light brown
concentric rings (Fig. 1d). Sporulation occurred after 20 days
of incubation under in vitro conditions. Conidia were hyaline
to pale brown, thin-walled, two-septate, ovate to pyriform
in shape, measuring 20-22 × 6-9 µm, with a small protuberant
hilum and were produced singly at the ends of denticulate
conidiophores. Conidiophores were pale brown, thicker and
darker than hyphae, especially at the base, with denticulate
tips (Fig. 1e). Later, Koch’s postulate of the fungus was
proven as per standard protocols. Despite of their site of
isolation (fruit and pseudostem),both isolates resulted

characteristic symptoms as minute, oval-shaped brown
lesions, often surrounded by yellow halo. These lesions
gradually enlarged and coalesced, eventually causing
complete necrosis of the leaves and death of the entire
plantlet. (Fig.1f and g).

Effect of different media for the growth and sporulation
The growth and sporulation of P.angulata (isolate Pa-02)
differed significantly (p < 0.05) among the tested growth
media (Table 1; Fig. 2). Maximum fungal growth was
recorded on Banana dextrose agar (8.00 cm), which was
statistically on par with Carrot agar (7.83 cm) and Banana
pseudostem agar (7.67 cm). These media supported
significantly higher mycelialgrowth compared to Potato
dextrose agar (7.25 cm). Mathur’s agar (6.75 cm) recorded
moderate growth, while the least mycelial growth was

Figure 1. Pitting symptom on
(a) matured bunch; (b)
pseudostem; (c) upper
surface; and (d) lower
surface view on PDA; (e)
conidia and conidiophore, of
P. angulata; symptoms
appeared upon artificial
inoculationon TC banana by
isolate (f) Pa-01 (g) Pa-02.

Figure 2. Mycelial growth and sporulation exhibited by P. angulata isolate Pa-02 on (a) Banana dextrose agar (b) Carrot
agar (c) Banana pseudostem agar (d) Potato dextrose agar (e) Mathur’sagar (f) Banana leaf agar.
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observed on Banana leaf agar (2.67 cm), which was
statistically different from all other treatments. Sporulation
was highest on Banana dextrose agar (score 4), followed by
Carrot agar, Banana pseudostem agar and Potato dextrose
agar (score 3), which were on par. Mathur’s agar supported
moderate sporulation (score 2), whereas Banana leaf agar
recorded the lowest sporulation (score 1). Overall, banana-
based media, particularly Banana dextrose agar, proved
highly suitable for both growth and sporulation of P. angulata.

Molecular characterization and phylogenetic analysis
The PCR amplification of the ITS-rDNA region produced a
clear amplicon of approximately 500 bp from both Pa-01
and P-02 isolates (Fig. 3a). The sequence was submitted to
the NCBI GenBank database with an accession number
PX248378 (Pa-01 and PX222334 (Pa-02). BLASTn analysis
confirmed the identity of the isolate as P. angulata, showing
more than 99% similarity with previously deposited P.
angulata sequences.To understand the evolutionary
relationship of Pa-01and Pa-02 isolate, a phylogenetic tree
was constructed, in which the newly generated sequences
(PX248378; PX222334) clustered together with P. angulata
isolates (Fig. 3b). The clustering pattern clearly distinguished
P. angulata sequences from P. grisea, which served as an
outgroup. The isolates Pa-01 and Pa-02, grouped most closely
with the sequence MT071757 (China) and showed high
bootstrap support for its placement within the P. angulata
clade, confirming its taxonomic identity.

Physical practises to prevent bunch infection
The results of the field experiment revealed that bunch
covering (T5 ) and removal of transitory leaf + bunch covering
(T6 ) were effective in reducing Pitting disease incidence
compared to the control (T11 ) (Table 2). The mean PDI in T6
(28.70; removal of transitory leaf + bunch covering) was
significantly lower than that of T5   (44.44; bunch covering)

Table 1.  Effect of different culture media on growth and sporulation of Pyricularia angulata
Sl.  Culture media Details of culture media (per litre) Mean fungal diametre porulation
No (cm) at 15 DAI S rate**
01 Potato dextrose agar Potato (200g) infusion, D (+) glucose/dextrose (20g), agar-agar (20g) 7.25bc±0.35 03
02 Banana* leaf  agar Newly opened leaf (25g) infusion, D (+) glucose/dextrose (20g), agar-agar (20g) 2.67e±0.29 01
03 Carrot agar Carrot (200g) infusion, D (+) glucose/dextrose (20g), agar-agar (20g) 7.83a±0.29 03
04 Banana* dextrose agar Matured fruit and peel (200g) infusion, D (+) glucose/dextrose (20g), agar-agar (20g) 8.00a±0.00 04
05 Banana* pseudostem agar Pseudostem(200g) infusion D (+) glucose/dextrose (20g), agar-agar (20g) 7.67ab±0.29 03
06 Mathurs agar Peptone (2g), Magnesium sulphate heptahydrate (1.22g), Potassium dihydrogen 6.75cd±0.35 02

phosphate (2.72g), Sucrose (2.80g), Agar (20g)
*Banana parts (pseudostem, matured fruit and leaf) collected from Nedunendran, **0: no spores per microscopic field; 1: <10 spores per microscopic field; 2: 10-20
spores per microscopic field; 3: 21-30 spores per microscopic field; 4: >30 spores per microscopic field.

Table 2. Effect of bunch covering, transitory leaf removal and anti-fungal agents on occurrence of Pitting disease
Trt.No Treatment details Mean PDI*
T1 Bunch spraying of Tebuconazole 50% + Trifloxystrobin 25% WG (0.14%) 20.37de±4.46
T2 Bunch spraying of Metiram 55% + Pyraclostrobin 5% WG (0.2%) 22.22cd±4.81
T3 Bunch spraying of Pseudomonas fluorescens$ (2%) 50.92ab±6.99
T4 Bunch spraying of neem oil (0.5%) 52.78a±2.78
T5 Bunch covering with polyethylene cover 44.44b±5.55
T6 Removal of transitory leaf + bunch covering with polyethylene cover 28.70c±4.01
T7 T1+T6 3.24g±1.61
T8 T2+T6 12.67ef±3.22
T9 T3+T6 7.40fg±1.61
T10 T4+T6 50.00ab±7.35
T11 Control 57.41a±4.24

CD! 15.05
SE(m) 2.77

*Percentage disease index:[sum (class frequency × score of rating class)] / [(total number of plants) × (maximum disease score)] × 100. $Obtained from Banana Research
Station Kannara, Kerala Agricultural University. !Critical difference

Figure 3. Molecular characterisation of P. angulataisolate
Pa-01 and Pa-02 (a) amplification of ITS-rDNA region at
500 bpof isolates Pa-01 (Lane 1) and Pa-02 (Lane 2) (b)
phylogenetic tree was constructed by using MEGA Software
and illustrates the relationship among the new sequence
isolated from pseudostem (x): PX248378and fruit (xi):
PX222334, and with other NCBI deposited ones. Used 500
boostrap replication. Details of other sequences used, (i)
OQ623314, (ii): OP897582, (iii): MW269689, (iv):
KU984740, (v): OK147751, (vi): OK147749, (vii):
OK147750, (viii): MT071757, (ix): GU066873 and (P.
grisea): NR172230.
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and the control (57.41), indicating that, transitory leaf
removal enhanced the efficacy of bunch covering. When
compared with T5   (bunch covering), treatments T1  (20.37;
Bunch spraying of Tebuconazole 50% + Trifloxystrobin 25%
WG at 0.14%) and T‚  (22.22; Bunch spraying of Metiram
55% + Pyraclostrobin 5% WG at 0.2%) showed significantly
lower PDI values and were more effective. However, T3
(50.92; Bunch spraying of Pseudomonas fluorescens at 2%)
and T4   (52.78; Bunch spraying of neem oil at 0.5%) were
statistically on par with T4  (Bunch covering with
polyethylene cover). The integrated treatments combining
bunch covering and transitory leaf removal with chemical
or bioagent sprays exhibited superior results. Among these,
T7 (3.24; Bunch spraying of Tebuconazole 50% +
Trifloxystrobin 25% WG at 0.14% along with removal of
transitory leaf + bunch covering with polyethylene cover),
T8 (12.67; Bunch spraying of Metiram 55% + Pyraclostrobin
5% WG at 0.2% + along with removal of transitory leaf +
bunch covering with polyethylene cover), and T9 (7.40;
Bunch spraying of Pseudomonas fluorescens at 2% + along
with removal of transitory leaf + bunch covering with
polyethylene cover) recorded significantly lower PDI values
compared to bunch covering, removal of transitory leaf +
bunch covering, and the control, showing strong synergistic
effects of integrated management practices. In contrast, T10
(50.00; Bunch spraying of neem oil at 0.5% + along with
removal of transitory leaf + bunch covering with
polyethylene cover) remained statistically similar to T5
(Bunch covering with polyethylene cover) and T11   (Control),
indicating that neem oil spray, even when combined with
covering, did not offer additional protection. Overall,
treatments viz., bunch spraying of Tebuconazole 50% +

Trifloxystrobin 25% WG (0.14%) along with removal of
transitory leaf + bunch covering with polyethylene cover,
bunch spraying of Metiram 55% + Pyraclostrobin 5% WG
(0.2%) along with bunch covering with polyethylene cover,
and Bunch spraying of Pseudomonas fluorescens (2%) along
with bunch covering with polyethylene coverwere markedly
superior to the application of physical measures (T5 and T6 )
and untreated control (T11), demonstrating that integration
of fungicidal or Pseudomonas fluorescens sprays with bunch
covering and transitory leaf removal provides the most
effective disease suppression.

Evaluation of anti-fungal agents to prevent pseudostem
infection of banana
Pseudostem spray of fungicides, bio agents and plant oils in
field trial revealed significant differences (p < 0.05) (Table
3; Fig. 4). Tebuconazole 50% + Trifloxystrobin 25% WG
(T1) was the most effective, showing the lowest mean PDI
(13.1) and the highest reduction over control (84.51%) and
was statistically superior to all other treatments. Metiram
55% + Pyraclostrobin 5% WG (T4) and Pseudomonas
fluorescens (T2) were statistically on par, with PDIs of 38.69
and 40.47, corresponding to 54.23% and 52.11% reduction,
respectively. Eucalyptus oil (T3) showed a higher PDI
(69.04), reflecting only 18.31% reduction, but still performed
significantly better than the untreated control (84.52; PDI).

Discussion

The present study elucidated the cultural and morphological
characteristics, and molecular identity of the fungus
associated with Pitting disease of banana, confirming its

Table 3. Effect of different anti-fungal agents on pseudostem infection of banana
Trt. No. Treatment Mean PDI Percent reduction over control
T1 Tebuconazole 50% + Trifloxystrobin 25% WG (0.14%) 13.1d ± 6.27 84.51
T2 Pseudomonas fluorescens (2%) 40.47c± 8.25 52.11
T3 Eucalyptus oil (0.5%) 69.04b± 7.43 18.31
T4 Metiram 55% + Pyraclostrobin 5% WG (0.2%) 38.69c±7.21 54.23
T5 Un treated control 84.52a±4.12 —

CD 10.82

Figure 4. Effect of different anti-fungal agents against the blast lesions on pseudostem caused by P. angulata(a) Tebuconazole
50% + Trifloxystrobin 25% WG (0.14%) (b) Pseudomonas fluorescens (2%) (c) Eucalyptus oil (0.5%) (d) Metiram 55%
+ Pyraclostrobin 5% WG (0.2%) (e) Untreated control.
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identity as P. angulata. The initial pinprick-like spots
surrounded by reddish-brown rings, later developing into
concave pits, were in close conformity with the descriptions
earlier reported by Ganesan et al. (2017b), Louis et al. (2019)
and Antony et al. (2023). The lesions progress from
superficial discoloration to deepened pits within a few days.
Apart from bunch infection, blast-like lesions were also
observed on the pseudostem of banana, which later served
as sites of early sporulation and acted as a potential source
of inoculum for subsequent bunch infection (Male et al.,
2011; Ganesan et al., 2017b). Artificial inoculation of the
isolates on TC banana indicates that tissue-specific isolation
does not necessarily reflect tissue-specific pathogenic
behavior, suggesting a broad infection capability of the
pathogen isolates. The development of minute, oval-shaped
brown lesions surrounded by a yellow halo aligns closely
with the characteristic symptomatology reported for
Pyricularia infections in banana (Antony et al., 2025). The
subsequent enlargement and coalescence of these lesions,
leading to complete leaf necrosis and eventual death of the
plantlet, further confirms the virulence and aggressive nature
of the pathogen. These results underline the pathogen’s ability
to infect multiple plant tissues, emphasizing the need for
effective management strategies regardless of the initial site
of infection.

Cultural variability of P. angulata across different media
revealed that banana-based substrates, particularly Banana
dextrose agar, supported significantly higher mycelial growth
and sporulation. Srivastava et al. (2009) and Meena (2005)
also found plant/host extract agar based medium, the ideal
for the growth and sporulation of P. grisea. The relatively
poor performance of Banana leaf agar suggests tissue-
specific variations in nutrient availability and the presence
of inhibitory compounds. George et al. (2025) reported that
defense-related phenolic compounds in banana leaves can
inhibit the pathogen responsible for the leaf spot diseases.
These results highlight the importance of selecting
appropriate culture media for in vitro studies on Pyricularia
species.

Molecular characterization using ITS-rDNAsequencing
confirmed the identity of the isolates with a high degree of
homology (99-100%) to P. angulata sequences available in
the NCBI database. The phylogenetic analysis placed the
isolates (Pa-01, Pa-02) in a monophyletic clade with P.
angulata, distinct from P. grisea, validating the accuracy of
morphological and cultural identification. The reliability of
ITS-based phylogeny in differentiating Pyricularia spp. has
been highlighted earlier (Kumar et al., 2024).The close
clustering of Kerala isolates (PX248378 and PX222334) with
other P. angulata accessions, distinct from P. grisea, and

originating from diverse geographical regions, indicates
considerable genetic variability within the species.Such
intraspecific divergence suggests a genetically diverse
pathogen population, potentially arising from vegetative
reproduction, chance infections via airborne inoculum, and
efficient dissemination through infected planting materials.
Despite this genetic heterogeneity, the occurrence of P.
angulata on both pseudostem and fruit tissues points to its
adaptive ability to colonize multiple infection sites within
the host. The observed genetic variability among isolates
also underscores the potential for rapid regional spread under
favorable environmental conditions. Moreover, this
highlights the role of interstate movement of planting
materials in influencing disease dynamics in Kerala.

During surveys conducted from July 2021 to July 2024 across
Kerala, intraspecific variability among the collected isolates
was evident. The scores of melanin pigmentation among
isolates varied from + (<20%) to ++++ (>80%), based on
the scoring system proposed by Longyaet al. (2020).
Similarly, variations in conidial morphology were noted,
ranging from oval to long pyriformshapes among P. angulata
isolates (Antony, Unpublished). This suggests that the genetic
variability observed may be associated with the
corresponding cultural and morphological diversity.
Consistent with these findings, Male et al. (2011) identified
P. angulata associated with Pitting disease in Australia using
ITS-rDNA analysis, supported by spore morphology and
pathogenicity tests. Bussaban et al. (2005) also demonstrated
clear molecular differentiation among P. angulata, P. grisea,
and other Pyricularia species, confirming the taxonomic
utility of ITS regions.

The effect of physical practices demonstrated that bunch
covering with polyethylene and the removal of transitory
leaves significantly reduced the incidence of Pitting disease.
Bunches with no covering and intact transitory leaves
recorded the highest disease severity. The combined practice
of bunch covering and transitory leaf removal was most
effective. Similar beneficial effects of bunch covering in
minimizing bunch infection of banana have been reported
in other pathosystems (Halmos, 1970; Ganesan et al., 2017b).
Pitting symptoms were observed at the time of bunch
emergence and it was observed that, if booting stage
coincided with rain for a week or two, the flag leaf/transition
leaf covering the peduncle carried the infection which might
be from air borne pathogenic inoculum present in the field.
Shortly after booting, the transition leaf decayed and withered
away within a month. The infected transition leaf and bracts
resting on bunches were found to be the abundant source of
inoculum of the pathogen. Additionally, treatments
integrating transitory leaf removal with chemical spray (T7
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and T8) achieved the lowest PDI values (3.24 and 12.67),
demonstrating a synergistic effect. This reinforces the
concept that transitory leafplays a pivotal role in disease
establishment, and their timely removal is a simple yet
effective cultural practice that can significantly reduce Pitting
disease incidence.

Since direct application of chemicals on bunches raises
concerns about residue, use of anti-fungal agents on
pseudostem is important. The fungicide, Tebuconazole 50%
+ Trifloxystrobin 25% WG (0.14%) recording the lowest
PDI (13.1) and the highest reduction over control (84.51%).
Metiram 55% + Pyraclostrobin 5% WG (0.2%) and
Pseudomonas fluorescens (2%) also offered moderate
protection, whereas eucalyptus oil (0.5%) performed poorly
under field conditions. The spraying of selected treatments
before the bunch emergence reduce the inoculum load within
the field, which prevent bunch infection. Thus, the
prophylactic spraying of selected fungicide on pseudostem,
subsequently reduces the pitting symptoms on bunches. Since
this disease is relatively new, specific information on
effective plant protection measures is limited, unlike the well-
documented management of P. oryzae causing rice blast. For
instance, fungicides such as Isoprothiolane and Tebuconazole
50% + Trifloxystrobin 25% WG have been reported to be
effective against P. grisea (Raji and Louis, 2007; KAU,
2016). Likewise, spraying of Tebuconazole 50% +
Trifloxystrobin 25% WG on leaves, proved effective for the
management of Eumusae leaf spot in banana, with residue
analysis indicating the absence of detectable fungicide
residues in the harvested fruits (George et al., 2019).
Additionally, neem oil and Pseudomonas fluorescens (2%)
reduced rice neck blast severity from 47.77% to 33.43% and
27.41%, respectively (Gopi et al., 2016), while eucalyptus
oil achieved 79.33% inhibition of spore germination of P.
grisea (Tun et al., 2018). The local isolates of Pseudomonas
fluorescens were previously reported to perform effectively
under field conditions against P. griseain rice (Chakraborty
et al., 2024). Similarly, in the present study, KAU isolates of
Pseudomonas fluorescens were used, which produced
comparable results to those obtained with the best-
performing treatment, Tebuconazole 50% + Trifloxystrobin
25% WG (0.14%), under field conditions. However, the use
of plant oils in field conditions remains challenging due to
their high volatility and inconsistent bioefficacy (Gupta et
al., 2023).

The use of resistant cultivars, combined with timely fungicide
application, biological agents, and improved cultural
practices, will be essential to mitigate weather-driven Pitting
disease outbreaks and ensure the sustainable production of
banana under changing climatic conditions. As the disease

become more severe on matured fruits, spraying of toxic
chemicals is to be limited to avoid residue problems and
health hazards. As per available literatures, this study
represents the first reported attempt to prevent Pitting disease
in matured Nendran banana bunches through a combination
of preventive pseudostem sprays and physical practices.

Conclusion

The study demonstrated that application of Tebuconazole
50% + Trifloxystrobin 25% WG (0.14%) effectively reduced
blast symptoms on the pseudostem. At the bunch emergence
stage, removal of transitory leaves and covering bunches
with polythene bags significantly minimized the risk of bunch
infection, reducing the need for direct fungicidal sprays and
thereby addressing potential residue concerns. Under in vitro
conditions, Banana dextrose agar was identified as the most
suitable medium for culturing Pyricularia angulata. Further
more, the combination of transitory leaf removal, bunch
covering and bunch spraying with Pseudomonas fluorescens
(2%) was on par with bunch spraying of Tebuconazole 50%
+ Trifloxystrobin 25% WG (0.14%) along with transitory
leaf removal and bunch covering. This finding underscores
the potential of integrating eco-friendly practices into a
sustainable disease management strategy for Pitting disease
of banana.
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