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ABSTRACT

Large cardamom (Amomum subulatum Roxb.)- a high valued spice crop and one of the important cash crops
of Sikkim. Sikkim produces 84% of large cardamom production in India. But for the past three decades, the
crop has been at risk due to several biological and climatic problems. The crop is infested with several
fungal diseases including leaf streak. It is characterized by rectangular and translucent streak on young
leaves along the veins. Later these streaks turn brown showing a necrotic appearance with crinkled leaf.
The present study aimed to isolate, characterize and identify the causal organisms of leaf stock in large
cardamom. Based on morpho-physiological and molecular analysis using ITS region 4 and 5, followed by
BLAST analysis, the isolate was identified as Pestalotiopsis sp. The corresponding sequences have been
archived in NCBI GenBank with accession number MN710582, while the fungal culture has been deposited
at NFCCI-ARI, Pune, under accession number NFCCI-4698.
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Introduction

Sikkim is renowned for its large cardamom
(Amomum subulatum Roxb.) a distinctive native crop.
It is an aged old spice crop grown in the natural for-
est in Sikkim. Lepchas, the tribe inhabitants of
Sikkim used to collect for medicinal and spice pur-
poses. Since then, gradually with its increasing de-
mand and popularity, the crop has been domesti-
cated and cultivated in the region (Sharma et al.,
2000, 2009). The crop has a pleasant aromatic odor

for which it is used in culinary purposes and is
popularly known as “Alaichnii” in nepali. The crop
also possesses some medicinal activity which is used
in several diseases and disorders. Nearly 85% of all
national production is produced in the state making
it the largest producer in the country. The crop is
also found growing in Darjeeling, Arunachal
Pradesh, Manipur, Nagaland, Mizoram, Assam and
some parts of Uttarakhand (Avasthe et al., 2014;
Pratap et al., 2014). But this highland heritage crop
provides sustained livelihood to large section of the
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population of the region, is now in trouble. Accord-
ing to the reports, different kinds of diseases such
aschir key, foorkey, leaf blight, leaf spot, anthra-
cnose, wilt, collar rot, capsule rot and leaf streak, etc
are responsible for the decline of the large carda-
mom plantation in the region  (Sharma et al., 2000,
2008; Saju et al., 2011, 2013; Gopi et al., 2018; Gurung
et al., 2020). Studies also revealed that poor agro-
nomic conditions and practices have lead to several
foliar diseases including leaf blight, leaf spot and
leaf streak etc. (Sharma et al., 2008; Gopi et al., 2018;
Gurung et al., 2020). If we look back in history, in the
year 1989, when leaf streak disease was initially dis-
covered in the area and causal organism was identi-
fied as Pestalotiopsis royenae (Srivastava et al., 1989).
They have reported that P. royenae caused foliar
damages with typical symptoms showing crinkled
leaf pattern. Initially, the disease symptoms were
observed as rectangular spots on the leaf veins
showing streak appearance mainly on young leaves
and gradually turned into reddish brown with ne-
crotic area (Srivastava et al., 1989). Recently another
group of scientists have reported leaf streak damage
in large cardamom (Gopi et al., 2018). Authors have
reported the damages are due to the active involve-
ment of tea mosquito bugs (Helopeltis theivora) not by
the pathogen P. royenae. Interesting part of the re-
port is that they have isolated the pathogen P.
royenae but the pathogenicity test was observed with
no leaf streak disease in the inoculated leaves. Addi-
tionally, they have stated that the symptoms of leaf
streak started on the second day after the tea mos-
quito bug was released on the test plant (Gopi et al.,
2018). However, there have been no reports detail-
ing the severity of the problem or accurately identi-
fying the causative organism. Therefore, the goal of
the present study was to assess the severity of leaf

streak disease in the region by conducting a baseline
survey in the large cardamom growing areas of
Sikkim. Additionally, the macroscopic and molecu-
lar approaches were also undertaken to isolate, char-
acterize and identify the causative organism.

Survey was conducted across various large car-
damom-growing regions of Sikkim. The infection
index, or disease severity was assessed using a
modified severity scale developed by Sharma and
Kolte (1994) (Table 1). For sampling, leaves exhibit-
ing rectangular spots or streak-like appearances
were collected through a random sampling method.
The sample was brought to the laboratory for fur-
ther analysis. The pathogenic fungi were isolated
from the rectangular spots of leaves of large carda-
mom exhibiting the streak symptoms using potato
dextrose agar (PDA, Hi-media, India) as nutrient
medium. The incubation process was carried out at
25 °C by following the protocol of Pandey et al.
(1998). For isolation, leaves were cut into small
pieces, washed thoroughly under running tap for
about 10 minutes and then were taken to the lami-
nar air flow chamber for further sterilization proce-
dure (Borosil, India). Briefly, the washed samples
were then treated with 0.1% mercuric chloride solu-
tion for 1 min and washed with sterilized distilled
water to get rid of any remaining traces of mercuric
chloride from sample. Thereafter, the sterilized
sample were further trimmed from all the margins
and inoculated on Petri plates (100 mm, Borosil)
containing PDA medium, sealed with parafilm-M
(Tarson, India)and kept for incubation for five days
at 25 °C in the dark. Six-seven repeated sub-cultur-
ing using single mycelium as inoculum were per-
formed on PDA in Petri plates to obtain the pure
culture. The resultant pure culture was subse-
quently transferred to fresh PDA slants in 60 ml cul-

Table 1. Phenotypic and Genotypic description of Pestalotiopsis sp.

Character Description

Colony morphology Front view- White color with a cottony appearanceInvert plate color- Off-
white

Microscopic features Fusiform, multiseptate with yellow to brown conidia
Physiology characters Temperature requirement between  5 °C to 50 °C optimum 25 °C and pH
(pH and temperature) 3 to 13 optimum 7
Accession number and  nucleotide NFCCI-4698; MN710582
sequence number
Phylogenetic relationship (18rRNAs 99 % similarity with Pestalotiopsis sp (MN180879.1), Pestalotiopsiscoffeae-
analysis)  with the top five hits upon arabicae (MN105556), Neopestalotiopsis surinamenis
BLASTn analysis (NR_145240.1) and Neopestalotiopsis cubana (KM199347.1)
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ture tube, secured with a screw cap (Borosil, India)
containing 25 ml medium each. The culture was
then incubated for 24 hours at 25 °C and then stored
at 4 °C for further experimentation. The isolated fun-
gal strain was subjected to morphological and mi-
croscopic analysis to support in its identification.
Colony characteristics, including color, size, exuda-
tion, pigmentation, and sporulation were observed
after a seven-day incubation period on various cul-
ture media namley Potato Dextrose Agar (PDA),
Potato Carrot Agar (PCA), Sabouraud Dextrose
Agar (SDA), V8 Juice Agar, and Czapek Dox Agar
(CDA). Microscopic examination was conducted
using a compound microscope (Labophot-2, Nikon,
Japan). Slides were prepared and stained with
lactophenol cotton blue to visualize fungal struc-
tures. For molecular identification and confirmation,
the isolate was submitted to the Agharkar Research
Institute Fungus Culture Collection (ARIFCC) in
Pune, India. The effect of different temperature and
pH on fungal growth was taken into consideration
to assess the growth medium. The isolate was incu-
bated on PDA for five days at wide range of tem-
perature between 5 °C and 45 °C. Similarly, the pH
level of PDA medium was adjusted 3 to 11 (before
autoclaving) and isolate was incubated at 25 °C for
five days.

The pathogenicity confirmation test was con-
ducted on healthy grown large cardamom in the
poly house at 6th mile, Gangtok (25.85°N, 93.77°E,
and 1120 m amsl) following the Koch’ postulates
(Koch, 1876). The temperature of the poly house was
normal ambient temperature (25-28 °C) recorded
using the thermometer. The fresh conidial suspen-
sion was prepared from the growing culture to ini-
tiate infection on healthy test cardamom plants. A
conidial suspension was prepared by scraping
mycelia and conidia from plates of actively growing
cultures with the help of sterile rod.  The autoclaved
water was used to filter the mycelia through clean
muslin cloth to remove debris of mycelia. The fil-

tered spore suspension was then centrifuged for 5
min. and resuspended in to deionized water. Spores
available in the suspension were determined by
hemocytometer. Hemocytometer. The final conidial
concentration in the suspension was 1×106 ml-1 for
inoculation. Then healthy test plants were sprayed
with conidial suspension. To avoid any contamina-
tion, distilled water was sprayed on control plants
which were kept a safe distance apart. After about 8-
10 days of inoculation, a first symptom of infection
was noticed and gradually number of streak lesions
increased on the leaf surface. After 15 days inocula-
tion period, the leaves exhibiting spots were col-
lected to isolate the pathogen previously indicated.

Amplification of (ITS) DNA and sequence analy-
sis was used for the molecular identification of iso-
lated fungal pathogen. CTAB method was used to
extract the genomic DNA (Lee et al.1988; Wu et al.,
2001). ITS primers ITS5 (5ˆ-
GGAAGTAAAAGTCGTAACAAGG-3ˆ) and ITS4
(5ˆ-TCCTCCGCTTATTGATATGC-3ˆ) were used
to amplify the fungal ITS (internal transcribed
spacer) region gene. A 25 µl reaction volume was
used for PCR. About 2 µl DNA template, 11 µl
GoTaq® Green Master Mix, 2X (GoTaq® Green
Master Mix, 2X contains reaction buffer (pH 8.5),
400µM dATP, 400µM dGTP, 400µM dCTP, 400µM
dTTP and 3mM MgCl2), 1 µl each of 10 µM forward
and reverse primers, 10 µl of Nuclease-Free Water
were added to the reaction tube. In this reactionall
ingredients except DNA template, are procured
from Promega, USA).  PCR reaction was run in Mas-
ter cycler gradient (Eppendorf, Germany) with the
initial denaturation taking place at 95 °C for 5 min-
utes. This was followed by 30 cycle at 95°C for 30
second, 55 °C for 1 minute, 72 °C for 1 minute and
72°C for 10 minutes for the final extension. The PCR
result was confirmed by staining with ethidium bro-
mide on 1% agarose gel electrophoresis (Bio-Rad,
USA). The amplified fragments were sequenced us-
ing ABI 3100 automated DNA sequencer (SeqGen,

Table 2. Disease Descriptive Scale

Rating Description

0 No visible symptom was observed on healthy plant’s leaf area
1 Visible infection with brown spot affecting < 1% leaf area
2 Infected with brown sunken spots affecting 1-10% leaf area
3 Moderately infected with brown spots affecting 11-25% leaf area
4 Highly infected with spot affecting 26-50% leaf area
5 Severely infected with circular to irregular spots  affecting >51% leaf area
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Inc. 1725 Del Amo BlvdTorrance, CA 9001, USA)
with ABI-BigDye® Terminatory 3.1 cycle sequenc-
ing kit[Courtesy: Agharkar Research Institute Fun-
gus Culture Collection (ARIFCC), Pune, India]. The
NCBI BLAST-n tool was used to identify and com-
pare the obtained sequences (Altschul et al.,1990).
Using maximum Likelihood method and Kimura 2-
parameter model,the evolutionary history was de-
duced (Kimura, 1980). The displayed tree has the
highest log likelihood (-715.33). Using the number of
substitutions per site as the measure for the branch
length, the tree was drawn to scale. It took six nucle-
otide sequences to analyze the data. The codon po-
sitions were 1st+2nd+3rd and Noncoding.Finally, there
were 516 positions altogether and evolutionary
analysis was carried out in MEGA X (Kumar et al.,
2018).

A total of 48 villages cultivating large cardamom
across the state were examined. The survey revealed
a mixture of foliar diseases including viral infec-
tions, blight, and other ailments with a recorded se-
verity of leaf streak incidence ranging from 4% to
12%. Notably, 77% of villages across all four districts
in the state exhibited infections manifesting as circu-
lar to rectangular spots of varying sizes on the
leaves. These spots which were either brown or
translucent in color were scattered across the upper
surface of the leaves parallel to the leaf veins even-
tually forming clusters. The observed disease af-
fected four varieties of cardamom: Swaney,
Varlangey, Ramsey, and Golsey in all cultivated in
the region. The endophytic pathogen was isolated
on Potato dextrose agar (PDA) at 25 °C and incu-
bated for seven days. Further, the characterization of
the isolate was grown in five different solid media
namely, Potato Dextrose Agar (PDA), Czapek dox
agar (CDA), V8 Juice agar (VJA), Sabourd Dox Agar
(SDA) and Potato Carrot Agar (PCA). The maxi-
mum colony growth was observed in PDA with
67.3±0.88 mm diameter followed by SDA with
65±1.15 mm, PCA with 63.3±0.88, V8 juice with
60.3±0.33 mm and CDA with 60±1.15 mm each
(Table 2). The white cottony mass of colony (front)
and light brown with blackish central portion from
the reverse side of the plate (Fig. 1a-b). Fine septate
mycelium and 5-celled smooth conidia was ob-
served under a microscope. Apical and basal cells of
the conidia are hyaline and the median three cells
were brown to blackish out of which the upper two
are darker to the lower one. Conidia were 21 to 28
ìm long and 5 to 8 ìm wide. It is known that tem-

perature and pH of the medium requirement are
important physical factors affecting growth of any
isolate in culture. Various temperatures and pH lev-
els of the medium were manipulated to observe the
colony growth of the isolate. The isolate exhibited
growth within a broad temperature range (10-35
°C), except for extreme temperatures namely 5 °C
and 45 °C and above where no growth was ob-
served. The optimum temperature for growth was
determined to be 25 °C (Table 3). Similarly, the
growth of isolate varied across different pH ranges
in the medium. The best and maximum growth oc-
curred at medium pH levels of 6, 7 and 8 (Table 3)
followed by pH levels of 5, 9, 10, and 11. However,
the isolate failed to grow at very low or high pH lev-
els of the medium (i.e., pH 3 and 13 respectively).

Fig. 1. (A) In vitro growth of Pestalotiopsis sp (A- front
view, B- view from reverse side). (C) The spores of
the Pestalotiopsis sp

The pathogenicity of the isolate was confirmed by
causing infection by the isolated pathogen then re-
isolation, identification and confirmation of the fun-
gus. For this healthy large cardamom leaves were
wounded with sterilized blade and infected with
inoculums. Infected leaves started to show the
symptoms of tiny brown lesions. Eventually, after 8-
9 days of inoculation spots were visible with charac-
terized symptoms, surrounded by brown colored
rings. The symptoms were only observed in the in-
oculated plants with nosymptoms in control plants
(Fig. 2a-c). The PCR analysis of the genomic DNA of
pathogenic fungus isolated from the infected large
cardamom leaves was performed by using ITS 4 and
5 primers. The tested fungal strain showed 100%
sequence similarity with Pestalotiopsis sp., sequence
available in the public domain i.e., with NCBI acces-
sion number MN710582. The phylogenetic tree
analysis of ITS regions of Pestalotiopsis sp. sequence
was done and constructed by using MEGA X with
top five fungal sources of ITS region sequences. The
phylogenetic tree was generated based on Maxi-
mum Likelihood method and Jukes-Cantor model
with the bootstrap support by taking 1,000 repli-
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cates. The ITS region of the fungal pathogen isolated
from large cardamom was supported by close re-
lated with Pestalotiopsis sp. (Fig. 3). Hence based on
the macroscopic, microscopic and molecular charac-
terization the isolated fungal pathogen was identi-
fied as Pestalotiopsis sp. The fungal culture has been
deposited at the NFCCI-ARI, Pune with an acces-
sion number (NFCCI-4698) and the sequences have
been deposited in public domain (NCBI GenBank)
with accession number MN710582.

foorkey), leaf blight, leaf spot, leaf streak etc. were
noticed in the large cardamom plantations in the
state. In the historical timeline of the disease within
the region approximately three decades ago, the first
instance of leaf streak affecting large cardamom
caused by Pestalotiopsisro yenaea, was observed in
Sikkim (Srivastava et al.,1989). Twenty years later in
both 2011 and 2013, the disease garnered attention
and was reported separately by two distinct groups
of scientists (Saju et al., 2011; Vijayan et al., 2013).
More recently the disease resurfaced, manifesting as
leaf streak on the delicate leaves of large cardamom
and transmitted by the tea mosquito bug. However,
researchers have isolated the causal organisms and
identified them as Pestalotiopsisro yneae from the dis-
eased leaves (Gopi et al., 2018). They have remarked
that the leaf streak observed on large cardamom
may not be a disease per se but rather a consequence
of feeding by the tea mosquito bug. During the
present survey, leaf streak symptoms were recorded
in large cardamom plantations and Pestalotiopsis sp.
has been identified as causal organism responsible
for the disease. So far considering the presence of
leaf streak in large cardamom in the region, it seems
to be less venomous and found in low intensity. But
as it is a fungal infection, etiology, prevalence of the
disease has to be carried out so that the disease does
not become major, uncontrolled and unmanaged in
days to come. The pathogenicity of Pestalotipsis sp.,
was reported in many other crops such as apple,
blueberry, coconut, grapevine, guava, hazelnut, lit-
chi and tea, etc. (Crocus et al., 2011;
Maharachchikumbura et al., 2013, Zhang et al., 2012).
The pathogen is reported as major pathogen causing
leaf blight and necroticin many plant species espe-

Fig. 2. The experiment on confirmation of pathogenicity
of Pestalotiopsis sp on healthy large cardamom
plant(s) in the nursery.

Fig. 3. Phylogenetic tree built using neighbor-joining
(NJ) methods with ITS nucleotide sequence of
Pestalotiopsis sp

Large cardamom is one of the most important
and popular cash crop grown in Sikkim. But it is
gradually losing its productivity and quality in cur-
rent scenario due to biological and climatic pressure
in region. Now a day, the large cardamom belts in
the state are rarely seen with the healthy plantations,
which once used to grow healthy large cardamom
plants. So, rapid decline in the production of large
cardamom is a matter of concern in the state. There
are several abiotic and biotic factors responsible for
the current situation among which environmental
factors and infestation of diseases is the most impor-
tant. During the present study, multiple foliar dis-
eases such as viral diseases (namely chirke and
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cially in tropical region (Zhang et al., 2013; Selmaoui,
2014) and now it is reported causing leaf streak dis-
ease in large cardamom. In the present study, the
fungal isolate was found to grow maximum on the
Potato Dextrose Agar (PDA) among all other media
tested. Similar result on the growth of the
Pestalotiopsis sp. isolated from guava was reported
by (Keith et al., 2006) where the PDA as the medium
was found to be the best suited. The influence of the
two significant physical factors i.e., temperature and
pH were also recorded during the present study.
The fungal isolate when incubated at 25°C was
found to have obtained maximum growth. Previous
findings of (Keith et al., 2006) also reported that the
optimum temperature for the growth of
Pestalotiopsis sp. lies between the ranges of 22-28°C.
The study of (Suwannarach2013) also revealed that
the optimum temperature for the growth of
Pestalotiopsistheae was 25±2°C. Similarly, in the
present study 25°C incubation temperature was
found optimum for the growth of Pestalotiopsis sp.
During the present study it was observed that the
Pestalotiopsis sp. could tolerate a wide range of pH
levels (5-11 pH) of the medium while maximum
growth was observed when pH of the medium was
7-8. However, the report by (Keith et al.,  2006) re-
veals that the pH 5.5 was the most suitable for the
growth of Pestalotiopsis sp. causing the scab disease
in guava. In conclusion, to the best of our knowledge
the present finding is the first report to provide a
combination of morpho- molecular characterization
of the Pestalotiopsis  sp. that are causing the leaf
streak on large cardamom leaf grown in Sikkim. The
molecular application of PCR using rRNA gene ITS
primers confirms that the pathogen causing leaf
streak is by Pestalotiopsis sp. Although the presence
of Pestalotiopsis sp. in large cardamom growing re-
gions in Sikkim has thus far resulted in negligible
damage, reports indicate that this pathogen has a
broad range of hosts and has caused adverse effects
on numerous crops. Therefore, recognizing the sig-
nificance of this pathogen, which can cause severe
foliar damage exhibiting typical symptoms of leaf
streak, it is imperative to develop the necessary
strategies for its management.
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