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Prevalence and molecular characterization of root-knot nematodes (Meloidogyne spp.)
and pepper mottle virus (PepMoV) infecting chilli in Punjab
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Abstract

Chilli (Capsicum annuum L.), an economically important crop of the Solanaceae family, is highly susceptible to various biotic stresses,
particularly root-knot nematodes (RKN) and viral diseases, leading to significant yield losses. A comprehensive survey was conducted
across major chilli-growing districts of Punjab to assess the prevalence of RKN and pepper mottle virus (PepMoV). The highest incidence
of RKN (70%) was recorded in Malerkotla, whereas the lowest incidence (19.20%) was observed in Ferozepur. Similarly, PepMoV incidence
was highest in Malerkotla (74%) and lowest in Bathinda (10.67%). Morphological characterization of RKN populations was performed
through perineal pattern analysis, and species identification was further confirmed using sequence characterized amplified region
(SCAR) species-specific primers targeting Meloidogyne incognita and M. javanica. Detection of PepMoV was initially carried out using
enzyme-linked immunosorbent assay (ELISA) and subsequently validated through immunocapture reverse transcription polymerase
chain reaction (IC-RT-PCR) using potyvirus-specific primers. The findings reveal the widespread occurrence and high incidence of RKN
and PepMoV in Punjab, emphasizing the urgent need for developing and implementing integrated disease management strategies to

minimize yield losses and ensure sustainable chilli production.
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Introduction

Chilli (Capsicum annuum L.) is one of the most important
members of the Solanaceae family, the genus Capsicum
comprises five domesticated species, namely C. annuum,
C. frutescens, C. chinense, C. baccatum and C. pubescens,
among these C. annuum is the most widely cultivated
across the world (Barboza et al., 2022). This species traces
its origin to South America (Tripodi et al., 2021) and was
brought to India by Portuguese traders in the late 15"
century, where it subsequently evolved as a secondary
centre of diversity (Dhaliwal et al., 2014). Chilli is cultivated
for diverse purposes such as fresh consumption, spice
production, oleoresin extraction, industrial processing,
and medicinal uses (Reddyet al., 2024; Saleh et al.,2018).
Green fruits are also valued as a rich source of natural
antioxidants, particularly vitamins A, Cand E (Bal et al., 2022).
With substantial export potential, C. annuum provides an
important income-generating crop option, especially for
small and marginal farmers. In India, chilli occupies about
423.72 thousand hectares with an annual production of
4.59 million tonnes (Anonymous, 2023-24). In the state
of Punjab, chilli is grown over an area of 10.61 thousand
hectares, with an average yield of 20.18 quintals per hectare,
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resulting in a total production of 21.42 thousand tonnes per
annuum (Anonymous, 2024).

However, chilli production is constrained by several biotic
stresses, including fungal, bacterial, viral, phytoplasmal,
and nematode pathogens which cause huge yield losses
(Muthukumar & Bhaskaran, 2007). Plant-parasitic nematodes
of the genus Meloidogyne, commonly referred to as root-
knot nematodes (RKNs), are among the most destructive
nematode pests, responsible for yield reductions of up
to 15% in chilli, translating into annual economic losses of
nearly ¥744.90 million in India (Kumar et al., 2020). These
nematodes are particularly prevalent in regions with warm
climates or mild winters (Kaur et al., 2025). Management of
root-knot nematodes is particularly challenging due to their
rapid multiplication, short generation time, and ability to
parasitize a wide range of hosts (Azlayet al., 2023).

In addition to root-knot nematodes, several
begomoviruses and potyviruses, including pepper veinal
mottle virus (PVMV), pepper vein-banding virus, pepper
mottle virus (PepMoV), and pepper mild mottle virus
(PMMoV), have been reported to infect Capsicum species
worldwide, leading to considerable economic losses (Kim et
al., 2009, Cheng et al., 2011). PepMoV was first described as
adistinct potyvirus strain in Arizona, USA, in 1969 (Nelson &
Wheeler, 1972). In India, Sandhu and Chohan (1979) recorded
its occurrence in chilli, referring to it as the Indian PepMoV,
and subsequent studies in Punjab confirmed its association
with chilli crops (Kaur et al., 2014). The virus, transmitted by
aphids in a non-persistent manner, has been detected in
major chilli-growing regions of Punjab with an incidence of
15 to 21% (Sharma, 2018). Under field conditions, PepMoV
infection leads to pronounced symptoms on leaves and
fruits, hampers plant growth, and can cause severe yield
reductions (Kaur et al., 2014; Sharma, 2018). Considering
the economic importance of chilli and the production
challenges posed by RKN and PepMoV, the present study
was undertaken to see the prevalence and severity of
nematodes and viruses in the major chilli-growing districts
of Punjab.

Materials and Methods

Surveys were carried out during 2024-25 across various chilli
growing districts of Punjab, including Ludhiana, Sangrur,
Jalandhar, Tarn Taran, Malerkotla, Bathinda, Patiala and
Ferozepur, to evaluate the incidence and prevalence of RKN
and PepMoVin chilli crop. In case of nematode, yellowing
of plants, patchy appearance of dwarf and malnourished
plants in the field, plants showing wilting type external
symptoms were taken into consideration along with along
with root gall severity and soil nematode population. The
percentage of root knot nematode disease incidence (%) was
determined by randomly uprooting 8 to 10 symptomatic
plants from four corners and one central patch within each
field. The number of plants exhibiting typical root knots

was then counted, and the incidence was calculated using
the previously mentioned formula. The root gall index
for individual plants was assessed using a 0 to 10 scale
as described by Bridge and Page in 1980, where 0 = no
galls; 1 = few small galls difficult to detect; 2 = small but
clearly visible galls, main roots clean; 3 = some larger galls,
main roots clean; 4 = larger galls predominate, main roots
clean; 5 = about 50% of roots galled with some main root
involvement; 6 = galling on main roots; 7 = majority of main
roots galled; 8 = all main roots galled with few clean roots; 9
= all roots severely galled and plants usually dying; and 10
= all roots severely galled with no functional root system.
Soil samples collected during surveys were analyzed to
determine RKN populations. A working sample of 250 cc soil
was taken from the thoroughly mixed composite sampleand
processed using Cobb's sieving and decanting technique
(Goodey, 1957). The sample was prepared in a 250 ml beaker
to estimate the nematode population and the number of
root-knot nematodes was counted using a counting dish
under a stereo zoom binocular microscope.

Forvirusincidence, crop samples exhibiting characteristic
viral symptomes, viz., vein banding, leaf puckering, misshapen
leaves, leaf yellowing, mottling of yellow and green colour
on leaves, reduction in size of leaves etc. were taken into
consideration while collecting the samples. The viral disease
incidence was calculated by taking 10 to 12 samples from
four corners and one central patch of each field using the
formula given below:

Number of infected plants
Per cent disease incidence = x 100
Total number of plants observed

Identification and characterization of root-knot
nematodes infecting chilli
Identification and characterization of root-knot nematode
spp. infecting chilli crop under Punjab conditions was done
by both morphological and molecular studies. Single egg
mass progenies from different populations collected during
the survey were maintained on susceptible chilli genotype
‘Punjab Surkh’ for morphological and molecular studies.
Juveniles and females required for morphological analysis
were obtained from the single egg mass progenies. These
samples were carefully processed for detailed examination.
The perineal pattern of mature females served as the
primary criterion for initial identification in morphological
detection. For perineal pattern studies, the galled portions
of the roots were stained with acid fuchsin, following the
method described by Eisenback et al., (1981). The perineal
patterns of five females were analyzed for each population.
Morphometric measurements of juveniles and females
were also recorded. Observations were conducted using a
Kyowa microscope at 10 x and 40 x magnifications. Images
were captured with the built-in Kyowa digital camera,
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and morphometric measurements were performed on
the images using the Kyowa image analysis application
system. Nematode species were identified by comparing
morphometric measurements with the help of a key given
for identification of Meloidogyne species by Jepson (1987).

Further, confirmation of morphologically identified root-
knot nematode species was carried out through PCR using
sequence characterized amplified regions (SCAR) primers
specific to major Meloidogyne species: M. incognita and M.
javanica. Total DNA was extracted from morphologically
identified M. incognita and M. javanica progenies using
the Proteinase K method (Williamson et al., 1997) followed
by PCR amplification using the specific primers (Zijlstra et
al., 2000). Juveniles and egg masses were transferred to
1.5 mL microcentrifuge tubes containing 50 uL lysis buffer
(1X PCR buffer with 100 ug mL™' Proteinase K), crushed using
a sterile micropestle, and frozen at —20°C for 1 hour. Samples
were incubated at 60°C for 1 hour, followed by enzyme
inactivation at 94°C for 10 minutes. After centrifugation at
13,000 rpm for 2 minutes, the supernatant was collected,
and DNA was precipitated by adding two volumes of chilled
absolute ethanol and incubating at —20°C for 1 hour. The
DNA was pelleted (14,000 rpm, 3 minutes), washed with
70% ethanol, air-dried, and re-suspended in 50 pyL 1x TE
buffer. The extracted DNA was stored at —20°C and used as
a template for PCR.

The isolated DNA was subjected to PCR amplification
with SCAR markers specific to major Meloidogyne species.
PCR was initially performed in a 10 uL reaction volume
and subsequently scaled up to 30 pL for gel purification.
Each reaction consisted of 2X GoTaq Green Master Mix
(Promega), species-specific primers, nuclease-free water,
and template DNA (1.5 pL). Amplification was carried out
in a ProFlex thermal cycler (Applied Biosystems). Species-
specific SCAR markers were used for identification of root-
knot nematodes. Meloidogyne incognita was amplified
using primers Finc (5'-CTCTGCCCAATGAGCTGTCC-3')
and Rinc (5-CTCTGCCTCACATTAAG-3’), producing an
amplicon of ~1200 bp at an annealing temperature of 54°C
(2 minutes). Meloidogyne javanica was identified using
primers Fjav (5-GGTGCGCGATTGAACTGAGC-3') and Rjav
(5-CAGGCCCTTCAGTGGAACTATAC-3"), yielding an amplicon
of ~670 bp at 64°C (1-minute) (Zijlstra et al., 2000). PCR
products were resolved on 1% agarose gel prepared in 1X
TAE buffer using agarose low EEO (SRL). Electrophoresis
was performed under standard conditions, and bands
were visualized under a UV transilluminator (Syngene) and
documented using an Alpha Imager HP gel documentation
system (USA).

Identification and confirmation of pepper mottle
virus infecting chilli

Chilli (Capsicum annuum L.) leaf samples exhibiting virus-
like symptoms were collected during field surveys and

immediately transported to the laboratory under chilled
conditions. Initial detection of pepper mottle virus (PepMoV)
was performed using double antibody sandwich enzyme-
linked immunosorbent assay (DAS-ELISA). The assay was
conducted using PepMoV-specific polyclonal antisera (Agdia
Inc., USA) according to the manufacturer’s instructions.
Absorbance values were measured at 405 nm using a Tecan
microplate reader, and samples were considered positive
when the optical density (OD) exceeded at least twice
that of the healthy control. For molecular confirmation,
representative samples (5 to 7 per district) showing high
ELISA absorbance values were selected forimmunocapture
reverse transcription polymerase chain reaction (IC-RT-
PCR). Immunocapture was performed using virus-specific
antibodies to selectively bind virions, followed by reverse
transcription. First-strand cDNA synthesis was carried
out using oligo(dT) primers to target the polyadenylated
viral RNA genome (Kaur et al., 2018). Subsequent PCR
amplification was performed using potyvirus-specific
primers Nib2F and Nib3R, targeting a conserved region of
the nuclear inclusion body (NIb) gene. The amplification
generated a product of approximately 350 bp. PCR reactions
were carried out under optimized cycling conditions, and
amplified products were resolved by electrophoresis on 1%
agarose gel prepared in TX TAE buffer. The gels were stained,
visualized under UV illumination, and documented using a
gel documentation system.

Results and Discussion

Prevalence and incidence of root-knot nematodes

A survey of chilli crops across various districts of Punjab
revealed notable differences in the incidence and severity of
root knot nematodes (RKNs) influenced by the chilli varieties
cultivated and the crop rotation being practiced by farmers
in different regions (Table 1). The root knot nematode
infested plants showed characteristic galls/knots on the
root system (Figure 1a), the highest incidence of RKN was
recorded in regions where chilli was cultivated in rotation
with crops such as potato, capsicum, brinjal, cucurbits, and
cauliflower. In contrast, the lowest incidence was observed
in areas where chilli followed rice and wheat crop rotation.
The reduced RKN incidence following rice cultivation
may be attributed to the practice of puddling, commonly
employed in rice fields. Similar findings were reported by
Katti and Ch (2022), who observed significantly lower RKN
populations in puddled soils compared to non-puddled
ones. Additionally, fields planted with the chilli hybrid CH-27
also exhibited lower RKN incidence, likely due to the hybrid’s
reported resistance to RKN (Anonymous, 2024). Among the
surveyed districts, Malerkotla reported the highest mean
RKN incidence of 70%, followed by Jalandhar (55.29%) and
Ludhiana (47%) (Figure 2a). Whereas, the lowest incidence
was observed in Ferozepur district (19.20%). The highest RKN
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Figure 1 (a) Root knots/galls due to root knot nematode infection in chilli
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Figure 1 (b) Symptom variability on chilli leaves due to pepper mottle virus

Figure 1: Root-knot nematode infected chilli plants showing
characteristic galls on roots (a); Pepper mottle virus infected chilli
plants showing different types of symptoms (b)

incidence (90%) was recorded in the chilli variety ‘Sahiba’
under the potato-chilli and guava crop rotation system
in Jalandhar, followed by an 80% incidence in the same
variety under the “Pea—Chilli” rotation and in the hybrid
‘HPH 5531’ under the potato-cauliflower-chilli rotation in
Jalandhar. Similarly, in Malerkotla district, an 80% incidence
was also observed in the variety ‘H1 Pepsi’ grown under the
cauliflower/brinjal-chilli rotation system (Table 1).
Laboratory analysis of soil samples collected during
the survey revealed significant variation in soil nematode
populations across districts. The highest overall mean soil
nematode population of RKN was recorded in Malerkotla
district (1333.33 J,/250 cc of soil). In contrast, the lowest
nematode population was observed in Tarn Taran
(258.33 J,/250 cc soil). Soil nematode populations varied
considerably across locations (Table 1; Figure 2b). The
maximum population density (2000 J,/250 cc of soil) was
recorded in Malerkotla under the “Chilli-Potato-Chilli”
rotation for the variety ‘CH-10". The observations on the root
galling index (RGI), which reflects the severity of nematode
damage, also indicated significant variation across districts.
The highest mean RGI was recorded in Malerkotla (7.56),
followed by Jalandhar (5.93). Whereas, lowest RGI values

were observed in Bathinda (2.17) and Tarn Taran (2.39).
The root gall index (RGI) ranged from zero in certain fields
of Sangrur where the ‘Local’ variety was cultivated, to a
maximum of 8.5 in severely infested fields of Malerkotla &
Jalandhar (Table 1).

Kaur, (2015) conducted a survey in five major chilli-
growing districts of Punjab and reported the highest
incidence of RKN in Sangrur district (80%), while the lowest
was recorded in Ferozepur (40%). The corresponding soil
nematode populations ranged from 615 J,/250 g of soil in
Sangrur to 104 J,/250 g in Ferozepur. Similarly, Chaudhary
et al,, (2011) carried out the survey of 13 localities across
nine different crops in the Hamelmalo subzone of Eritrea,
found the highest RKN density in chilli (73.5%) and the
lowest in Eruca sativa (12.24%). In another study, Zarina et
al., (2015) investigated 15 chilli-growing regions in Sindh,
identifying 52 nematode species belonging to 33 genera.
Among these, Meloidogyne javanica was the most dominant
species found infecting chilli plants, particularly in NNRC
(Karachi) and Sukkur regions. Gautam et al., (2014) also
reported a 67% incidence of root-knot nematode in chilli
crops from the central plains of Chhattisgarh. More recently,
Siddiq et al., (2023) surveyed the Musakhail district in
Balochistan province for nematodes incidence in fruits and
vegetable crops. During the study they identified five genera
(Heterodera, Meloidogyne, Aphelenchus, Helicotylenchus
and Ditylenchus) of phytonematodes associated with the
crops and Meloidogyne genus was most prevalent in all the
studied sites.

Prevalence and incidence of pepper mottle virus
During the survey for PepMoV incidence, a range of
characteristic symptoms were observed. These included
mottling on the upper leaves, mosaic initiation, vein
banding, leaf narrowing, puckering and deformation of
both the leaf lamina and fruits (Figure 1b). A noticeable
reduction in fruit number was also recorded. Malformed
fruits displaying dark and light green streaks were
observed to be a common occurrence. Leaf samples
exhibiting typical symptoms of PepMoV were collected
from various districts during the survey and transported
to the laboratory in an ice box for further analysis. The
incidence of PepMoV varied considerably across districts.
The highest average incidence was recorded in Malerkotla
(74%), followed by Ludhiana (51.25%), Ferozepur (43%),
Sangrur (38.33%), Patiala (32.5%), Tarn Taran (32.5%),
Jalandhar (13.57%), and the lowest in Bathinda (10.67%).
Within individual districts, the incidence ranged from a
minimum of 2% in Bathinda for the ‘Local’ variety to a
maximum of 83% in Malerkotla for the ‘MS-12" variety
(Table 1; Figure 2c).

The widest range was observed in Sangrur, where
incidence levels varied between 20 and 60%. Similarly,
Ferozepur and Ludhiana showed broad incidence
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Table 2: Morphometric observation of M. incognita females and juveniles

Gross range of population

Sangrur

Tarn Taran

Jalandhar Ferozepur

Ludhiana

Malerkotla

Characters (um)

Females

487.90-751.10

(520.00- 670.00)

657.99 £ 41.41
38437 £37.75

565.40 +45.21
(530.00- 686.00)
349.10 £ 33.30

702.60 + 39.09
(659.20-751.10)

527.94 £ 41.32
(487.90- 584.90)

(547.30-691.10)

613.50 £ 58.42
447.22 £5.51

653.16 + 52.68
(591.40- 714.90)
478.18 +39.86

Length

296.00-639.40

(333.00-429.00)

15.88 £ 1.11

(296.00- 421.00)
1460+ 1.15

(502.30- 639.40)

562.52 £59.96
15.36 £ 0.50

(299.70- 434.90)

391.58 £54.30
16.80 + 1.08

(441.20- 455.20)

13.54 £0.61

(409.60- 509.60)

13.42+£1.23

Width

12.00-17.86

(14.75-17.86)

(15.10-17.70) (14.80-16.10) (13.20-15.62)

(12.80-14.20)

(12.00 - 15.20)

Stylet length

Juveniles

342.00-509.70

(383.00-432.00)

400.20 £ 28.33
11.86+£1.33

(342.00- 415.00)

377.37 £46.21
129+1.33

(380.20 - 449.20)

410.10 £ 26.27
12.88+£1.25

391.80+11.88
(376.60- 405.30)
12.40 £ 0.54

(361.70- 395.80)

37730 £ 15.59
17.14 £3.55

(419.30- 509.70)

467.24+32.33
19.24 £3.46

Length

10.66-22.90
(12.00-13.85) (10.66-13.00)

11.20£0.46

(11.70-14.30)
11.44+0.88

(11.70-13.00)
10.18 £ 0.66

(14.80 - 22.90) (14.00 - 21.00)

12.36 £0.90

Width

9.25-14.10

10.33 £ 0.66
(9.25-12.60)
10.66 + 1.54

(10.55-12.15)
9.18+1.12

(10.30-12.50)
9.06 £ 1.16

(9.50-11.00)

(11.30-14.10)

12.64+£1.21
990+ 1.15

(11.00-13.20)

11.28 £0.62

Stylet length

7.90-12.10

9.28 + 0.46

Hyaline tail
length

(9.66-11.76)

(9.34-11.28)
38.55+2.99

(8.80 - 10.00) (7.90 - 10.40)
53.12+1.99

(8.70-11.40)

(10.50- 12.10)

36.50-58.50
(44.5-56.33)

4835+ 3.46

(36.50- 46.35)

(50.20- 55.10)

49.30+ 1.56
(47.00 - 51.20)

53.80 +3.91 (48.30 -

57.90)

(53.70 - 58.50)

56.10 + 2.21

Tail length

ranges of 25-60% and 30-65%, respectively. In contrast,
narrower ranges were recorded in Jalandhar (10-20%)
and Patiala (25-40%), indicating relatively more uniform
levels of infection within those districts. A wide range of
symptom variability associated with PepMoV infection
was documented on chilli crop in different studies.
These included leaf mottling, mosaic patterns, vein
banding, puckering, narrowing or distortion of the leaf
lamina, and a reduced number of flowers and fruits
(Sharma, 2018). Under Punjab conditions, Kaur et al.,
(2014) observed PepMoV incidence on chilli crop presenting
varied symptoms such as fruit malformation, leaf puckering,
blistering, mottling, and vein greening. Additionally, Sharma
(2018) noted the presence of PepMoV across multiple
districts in Punjab, with the highest incidence reported in
Patiala, followed by Sangrur.

Detection and characterization of root-knot nematodes
infecting chilli

Root-knot nematodes are major pests that severely
affect chilli crops worldwide. Several species, including
Meloidogyne incognita, M. javanica, M. arenaria, and M. hapla,
have been reported to infect chilli on a global scale (Kaur et
al., 2025). The perineal pattern observations of the mature
females from the samples collected during the current
study revealed the association of two Meloidogyne spp.,
i.e.,, M. incognita and M. javanica with the chilli crop under
Punjab conditions. The M. incognita populations recorded
high dorsal arch with no visible lateral lines exhibiting the
characteristic features for M. incognita sp. while the perineal
patterns from M. javanica populations showed high dorsal
arch but with visible lateral lines depicting the characteristic
feature of M. javanica sp. (Eisenback, 1985).

The morphometric observations of the mature females
of M. incognita exhibited body lengths of 487.90 to 751.10 um
and widths of 296.00-639.40 um, with stylet lengths of
12.00 to 17.86 um. Second-stage juveniles (J2) showed
body lengths of 342.00 to 509.70 um and stylet lengths of
9.25to 14.10 um. Maximum values were generally recorded
in Malerkotla and Ferozepur populations (Table 2). In M.
javanica populations, female body length ranged from
512.00 to 675.00 um and width from 315.00 to 456.00 um,
with stylet lengths of 12.66 to 16.67 um. J2 body length
ranged from 365.00 to 476.00 um and stylet length from
10.20 to 12.16 um, with higher values observed in Sangrur
populations (Table 3). Overall, morphometric observations
were consistent with earlier reports (Kaur et al., 2016; Kaur
and Attri, 2013), though slightly larger body dimensions
were recorded, suggesting possible regional variation.
Out of the two root-knot nematode (RKN) species found
associated with chilli crop under Punjab conditions. M.
incognita was predominant and was found prevalent across
all surveyed districts (Ludhiana, Jalandhar, Patiala, Sangrur,
Tarn Taran, Bathinda, Malerkotla, and Ferozepur), whereas
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Figure 2: Root-knot nematode incidence (%) in different chilli growing
districts of Punjab (a) ; District wise mean root-knot nematode soil
population in chilli crop (b); Pepper mottle virus incidence in different
chilli growing districts of Punjab (c).

M. javanica was confined to Ludhiana and Sangrur district.
Morphological and morphometeric analyses revealed
variability among the populations collected from different
areas.

Morphologically identified populations were confirmed
through PCR using species-specific SCAR primers for M.
incognita and M. javanica species. DNA extracted from
single egg mass progenies when amplified using Finc/
Rinc and Fjav/Rjav primers, all M. incognita populations
produced the an expected ~1200 bp amplicon confirming
the M. incognita sp., while M. javanica populations yielded
~670 bp fragments confirming the presence of M. javanica
sp. (Figure 3a &b). PCR products were sequenced and
analyzed using BLASTn, showing ~96 to 97% similarity with
reference sequences. The sequences were submitted to
GenBank with accession numbers PQ858425 and PQ858426.

Detection and confirmation of pepper mottle virus
(PepMoV)

The ELISA results confirmed the prevalence of PepMoV on
chilli in Punjab, with varying degrees of infection recorded
across all surveyed districts (Table 1). To ensure more reliable
detection, representative ELISA-positive samples were
analyzed using Immuno Capture RT-PCR (IC RT-PCR). In all
five to seven high virus titres samples from each district were
amplified using IC RT-PCR with potyvirus specific primers.
In ICRT-PCR, cDNA synthesised from the RNA isolated from
the ELISA positive samples, using oligo(dT) primers when
amplified with the potyvirus-specific Nib2F/3R primer
set they yielded the expected ~350 bp amplicon on a 1%
agarose gel (Figure 3c). The resulting PCR products when
Sanger sequenced, and sequence analysis using BLASTn
revealed 98% identity with the GenBank accession KJ744259
(Pepper mottle virus isolate Ferozepur: India, polyprotein
gene, partial cds). In India, Sandhu & Chohan (1979)
characterized chillimottle disease using the micro-precipitin
test. Later, Ravi et al., (1997) reported the occurrence of

Table 3: Morphometric observation of M. javanica females and juveniles

Characters (um)

Ludhiana

Sangrur

Gross range of population under study

Females

Length
Width
Stylet length

567.2 £22.19 (512.00-666.00)
365.6 = 34.45 (315.00-448.00)
12.80 +0.90 (12.66-13.90)

618.15 +45.17 (596.00-675.00)
430.12 + 46.90 (376.00-456.00)
15.36 +0.96 (14.80-16.67)

512.00-675.00
315.00-456.00
12.66-16.67

Juveniles

Length

Width

Stylet length
Hyaline tail length
Tail length

390.16 + 20.11 (365.00-436.00)
11.86+1.13 (11.26-12.86)
11.54 +1.15(11.34-12.16)
10.86 * 1.40 (9.86-11.66)

58.86 + 33 (48.60-60.00)

416.30 + 40.16 (390.00-476.00)
11.66 + 0.90 (10.46-12.86)
10.76 + 0.86 (10.20-11.18)
11.31 £ 1.13(9.76-12.66)

54.16 + 4.12 (48.3-58.90)

365.00-476.00
10.46-12.86
10.20-12.16
9.76-12.66
48.30-58.90
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Figure 3: Confirmation of prevalent root knot nematode species and pepper mottle virus using molecular markers. (a) Agarose gel (1%) showing
amplicon of ~1200 bp with M. incognita primer pair; (b) Amplicon of ~670 bp &with M. javanica primer pair (M- Malerkotla, S- Sangrur, T- Tarn
Taran, P- Patiala, F- Ferozepur, J- Jalandhar, L- Ludhiana, B- Bathinda, Z- 100 bp ladder); (c) Agarose gel (1%) showing amplicon of ~350 bp with
Nib primer pair (M- Malerkotla, S- Sangrur, F- Ferozepur, L- Ludhiana, Z- 100 bp ladder.

pepper vein banding virus, pepper veinal mottle virus,
and potato virus Y in peppers from Karnataka. Rodriguez-
Alvarado et al., (2002) conducted a two-year survey in the
primary chilli-growing regions of southern New Mexico to
identify viruses associated with severe pepper diseases.
The study also examined weeds commonly occurring in
and around pepper fields, analyzing a total of 685 pepper
samples and 336 weed samples for viral infections. Using
indirect enzyme-linked immunosorbent assay (ELISA),
the researchers detected PepMoV in plants showing
characteristic symptoms, including mosaic patterns, leaf
distortion, and fruit malformation. More recently, Kaur
et al., (2014) provided the first report from Punjab, India,
confirming the presence of PepMoV in peppers through two
sensitive assays, ELISA and RT-PCR-based partial sequence
characterization.

Conclusion

This study demonstrates the widespread occurrence of root-
knot nematodes and Pepper mottle virus (PepMoV) in chilli-
growing regions of Punjab, with M. incognita identified as
the predominant species and M. javanica present in specific
locations. Morphological and morphometric observations,
supported by molecular confirmation using species-specific
SCAR markers, ensured accurate identification of nematode
populations associated with the chilli crop in Punjab. The
variation in nematode incidence across districts suggests
the influence of agronomic practices, with reduced
infestation observed under rice-based cropping systems
and in resistant chilli hybrids. PepMoV was also widely
prevalent and associated with characteristic symptoms,
and its detection was reliably confirmed through ELISA and
RT-PCR assays. The concurrent presence of these pathogens
underscores their potential to cause significant yield losses,
emphasizing the need for systematic screening of the
available germplasm pool for the identification of resistant
source(s) and designing appropriate integrated disease
management strategies for sustainable chilli production.
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