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Abstract

Hot and sweet pepper is an economically important crop in tropical and subtropical regions, valued for
its use as a vegetable, spice and herb. However, it is susceptible to various viral diseases, including hot
and sweet pepper leaf curl disease (ChiLCD), which poses significant threats to crop yield worldwide.
To assess the prevalence of ChiLCD in Anantapur district Andhra Pradesh, a roving field survey was
conducted during the 2021-22 kharif season, covering 45 randomly selected fields across nine villages
and eight mandals. The survey revealed an average incidence of leaf curl virus at 12%, with rate
ranging from 6.0% to 25.0%. Further, 45 viral-infected chilli samples collected from various locations
in Anantapur district were analyzed using DAC-ELISA and PCR to detect major viral pathogens
affecting the crops. Among the samples, 26 were positive for begomoviruses via PCR, while DAC-
ELISA identified 19 samples infected with potyviruses and tobamoviruses, including combinations of
mixed infections. These findings underscore the critical need for integrated management approaches to
reduce the prevalence of viral diseases in chilli crops and improve overall productivity and
sustainability in Anantapur chilli cultivation.
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Introduction

Hot and sweet peppers classified under Capsicum annuum are valuable agricultural
commodities cultivated as vegetables, spices and herbs across various regions, particularly in
tropical and subtropical climates. These crops hold high economic value and are
predominantly cultivated as cash crops in Asia and Africa. Approximately 70% of the
world’s production of dry hot peppers is concentrated in Asia, with India contributing a
significant 40% of the global output (FAO, 2022) Bl As both the largest consumer and
exporter of hot peppers, India leads in production, particularly in Andhra Pradesh, which
accounts for 52% of the country’s hot pepper production, followed by Telangana with 20%
(Spice Board India, 2023) ', Despite their economic importance, hot and sweet peppers are
highly susceptible to a range of diseases, including fungal, bacterial and viral infections,
which severely impact crop quality and yield. Globally, over 65 viral diseases have been
reported in pepper crops, posing serious threats to production. Among these, chilli leaf curl
disease (ChiLCD) is particularly concerning as it is widespread and causes significant
damage in hot and sweet peppers. ChiLCD is caused by more than 12 different viruses,
including the chilli leaf curl virus (ChLCV) and is primarily transmitted by the whitefly
(Bemisia tabaci) cryptic species complex and through grafting (Nigam et al., 2015;
Senanayake et al., 2012) & 9,

In India, begomoviruses, particularly those causing leaf curl diseases, have led to substantial
yield losses of up to 90% over the past two decades, representing a critical limiting factor for
hot and sweet pepper production (Suresh et al., 2013) [*?l. The impact of ChiLCD on pepper
crops has driven the need for effective control measures, as the disease can lead to severe
economic losses in pepper producing regions. To better understand and manage the
prevalence of ChiLCD in Andhra Pradesh, one of India's key pepper producing states, a
roving field survey was conducted in the Anantapur district. This survey aimed to assess the
occurrence and distribution of ChiLCD and to categorize the types of cultivars grown
whether susceptible, resistant or tolerant.
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Additionally, the study sought to identify other begomovirus
species infecting hot and sweet peppers and to characterize
the range of symptoms associated with these viral
infections.

The findings from this survey are anticipated to be
instrumental in developing targeted management strategies
to control ChiLCD and mitigate its impact on pepper
production. By characterizing viral symptomatology and
understanding the distribution of ChiLCD and associated
viruses, the study contributes valuable insights that could
enhance disease resistance breeding programs and inform
integrated pest management practices. The ultimate goal is
to reduce yield losses, improve crop resilience and ensure
stable pepper production in affected regions, benefiting both
local economies and the global pepper supply chain.

Materials and Methods

Survey and collection hot pepper infected samples

The roving field survey was conducted in the key pepper-
growing regions across several locations within Anantapur
district Andhra Pradesh, during the kharif season of 2021-
22. The surveyed areas included eight mandals:
Peddapappur, Tadipatri, Putluru, Yadiki, Gooty, Parigi,
Nallamada and Lepakshi (Fig. 3). In each of these mandals,
one representative village was selected with the exception of
Putluru, where two villages were chosen due to the high
prevalence of pepper cultivation. This approach ensured that
a wide geographical area with diverse growing conditions
and cultivation practices were covered providing a
comprehensive assessment of disease prevalence in the
region. In each selected village, a minimum of five fields
were randomly chosen to evaluate disease incidence,
ensuring a representative sampling within each location.
Disease incidence was assessed through visual examination
of the plants in each field following a methodical walk-
through across the rows. This systematic sampling allowed
for a consistent and thorough examination of the crop,
enabling accurate estimations of ChiLCD prevalence.
During the survey, data were recorded on multiple
parameters including prevalence of chilli leaf curl disease
(ChiLCD), symptom variation and crop variety. This
categorization helps in understanding the resistance profile
of popular cultivars in the region. The percent disease
incidence (PDI) for each field was calculated using the
following formula:

Total No. of infected plants
Total No. of plants

Disease incidence = X 100

A total of 45 viral-infected pepper samples were collected
from hot and sweet pepper crops within Anantapur district
Andhra Pradesh. These included 35 hot pepper samples and
10 sweet pepper samples. The sampled plants exhibited a
range of distinct viral disease symptoms, which includes
mosaic, mottling, severe leaf curl, vein enation, vein
thickening, marginal rolling, yellowing of leaves, stunted
growth, reduced flower and fruit production. In addition to
symptomatic samples, one asymptomatic (symptom-free)
sample from both hot and sweet pepper plants was collected
from each location. These asymptomatic plants serve as
control samples, enabling a comparative analysis to confirm
the presence or absence of viral infections. Analyzing both
symptomatic and asymptomatic samples allows for a better
understanding of viral infection dynamics and the potential
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for latent infections, where the virus is present but not
visibly expressed in plant symptoms. The collected samples,
which represent diverse symptoms and varying levels of
disease impact will be subjected to further laboratory
analysis to identify specific viral agents responsible for
ChiLCD and other viral symptoms.

Detection of viruses

Total of 45 viral-infected hot and sweet pepper samples
were collected from plants that showed different kinds of
symptoms (mosaic, mottling, leaf puckering, vein enation,
vein clearing, vine thickening, marginal rolling and yellow
mosaic and curling of leaves). These samples were brought
to Plant Pathology laboratory, Indian Institute of
Horticultural Research, Bengaluru. Initially the samples
were tested by DAS-ELISA using different known
antibodies to understand the status of different viruses
associated hot pepper, which are more prevalent of
Anantapur district Andhra Pradesh on hot and sweet pepper.
The important viruses tested included chilli veinal mottle
virus (ChiVMV), cucumber mosaic virus (CMV), tobacco
mosaic virus (TMV), tomato mosaic virus (ToMV), tomato
mottle mosaic virus (ToMMV), tomato brown rugose fruit
virus (ToBRFV) and groundnut bud necrosis virus (GBNV)
(DMSZ, Germany), as well as PCR using begomoviral
specific primers to confirm mixed infection of different
viruses under field conditions. All the samples (45 viral-
infected hot and sweet pepper) were also tested to know the
status of begomovirus by PCR using primers
(OY2395F/680R) specific to DNA-A component of
begomovirus genome (Venkataravanappa et al., 2021) 23],

Results and Discussion

Symptomatology of viruses affected hot and sweet
pepper

During a roving survey across 45 hot and sweet pepper
fields in Anantapur district, the most prominent symptoms
observed were severe leaf curling, crinkling, leaf rolling and
shortened internodes are the key indicators of chilli leaf curl
disease (ChiLCD) (Fig. 1a and 1b). These symptoms were
consistently present across all surveyed villages in the eight
mandals, highlighting the widespread nature of ChiLCD in
the region. Additional symptoms such as mosaic (Fig. 1c),
vein clearing (Fig. 1d) and blistering were also frequently
observed in each mandal. Symptom diversity was notable
with additional signs like mottling, veinal banding (Fig. 1b)
and leaf distortion observed primarily in the mandals of
Peddapappur, Putluru, Yadiki, Parigi, Nallamada and
Lepakshi. Interestingly, these particular symptoms were not
detected in Tadipatri and Gooty suggesting possible regional
or cultivar-specific variations in viral strain prevalence.
More severe symptoms, including stunted plant growth and
reduced fruit size were documented in fields located in
Peddapappur, Gooty, Parigi and Nallamada, while Tadipatri,
Putluru, Yadiki and Lepakshi showed no such severe
infestations. This symptom variability may indicate the
presence of different viral strains or varying environmental
conditions and farmers predominantly grow widely
recognized pepper cultivars including Swarna, Byadagi,
Sonali Max, Dhruva and Rizwan Red with Byadagi and
Rizwan Yellow being particularly popular have some
tolerance to diseases. The symptoms observed align closely
with findings by Devi et al. (2019) Bl, who reported similar
ChiLCD symptoms such as upward and downward leaf
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curling, leaf puckering and crinkling in infected plants.

In addition to ChiLCD symptoms, signs typical of
tospovirus infections such as mottling, vein banding and
necrotic rings and spots were also noted in some fields.
These observations are consistent with previous studies by
Chaithanya et al. (2022) ™M, who reported symptom
variations including severe fruit dropping, absence of fruits
and whitefly presence near infected pepper fields. These
findings reinforce earlier research by Chattopadhyay et al.
(2008) 1 and Shafiq et al. (2010) [ as well as Dore et al.
(2017) ™ which suggested that while controlling whitefly

https://www.biochemjournal.com

populations can reduce the spread of vector-borne diseases,
viral infections causing leaf curl remain irreversible and
challenging to manage once plants are infected.

These observations underline the complex nature of viral
infections in pepper crops in Anantapur, where multiple
viral strains and vector presence contribute to a diverse
range of symptoms and disease severity. This study findings
underscore the need for integrated disease management
strategies and the development of resistant pepper cultivars
to combat the persistent impact of ChiLCD and related viral
infections on pepper production.

N

.' Anantapuram, Andhra Pradesh, Ind
XP3G+Q69, Andhra Pradesh 516241, India
i Lat 13.95661*

} Long 77.724641°
-‘09103122 12:42 PM

e S . mar

Fig 1: Characteristic symptoms of hot pepper leaf curl disease (ChiLCD) and mosaic symptoms. a. Severe leaf curling; b. Leaf rolling and
veinal banding; c.; deformation and chlorosis; d. Mosaic

The percent disease incidence (PDI) of chilli leaf curl
disease (ChiLCD) was recorded across hot and sweet pepper
fields (Table 1), with values ranging from 6% to 25%. The
highest PDI (25%) was observed in Vankarakunta village of
Nallamada mandal, followed closely by Muchukota village
in Peddapappur mandal with a PDI of 23.18% (Fig. 2). In
contrast, the lowest disease incidence was recorded in
Putluru, Yadiki and Gooty mandals which showed a mean
PDI of 7.69%.

Across all surveyed fields, severe leaf curl symptoms, a
hallmark of ChiLCD were consistently present.
Additionally, high populations of sucking insect pests
notably thrips and whiteflies were observed in various
densities at both the vegetative and post-reproductive stages
of the pepper plants. The presence of these vectors in such
abundance likely contributes to the persistent spread of
ChiLCD in these fields as both whiteflies and thrips are
known vectors for viral transmission in peppers.

The high incidence of ChiLCD and vector populations can
likely be attributed to agricultural practices in the region.
Continuous monocropping of peppers without rotation is

common, which may contribute to a build-up of virus
inoculum and pest populations in the fields over successive
growing seasons. Furthermore, indiscriminate use of
insecticides aimed at controlling whitefly and thrip
populations could be exacerbating the issue. Frequent and
unregulated application of insecticides can lead to pest
resistance and can disrupt natural predator populations that
help control these pests. As a result, pest populations often
experience resurgence, with whiteflies in particular thriving
under such conditions.

The combined effects of monocropping and indiscriminate
pesticide use create a conducive environment for the
development and spread of viral diseases like ChiLCD.
These practices highlight the need for integrated pest
management (IPM) strategies in pepper cultivation, which
could include crop rotation, selective pesticide use and
biological control methods to reduce reliance on chemical
controls. Implementing such strategies may help lower pest
pressure, reduce disease incidence and promote healthier
more sustainable pepper production in Anantapur and
similar regions.
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Table 1: Percentage of Disease i
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ncidence observed in surveyed mandals

Fig 2: Mean percentage of disease incidence of selected villages in Anantapur District

Anantapur district, Andhra Pradesh, India

Fig 3: Anantapur district map
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Detection of viruses in chilli by DAC-ELISA

Total of 45 viral-infected chilli samples collected from
various locations in district were analyzed using DAC-
ELISA with polyclonal antisera and PCR for virus
detection. This dual approach aimed to accurately identify
the presence of major viral pathogens affecting the crops.

Out of the 45 samples tested, 26 were positive for
begomoviruses via PCR while DAC-ELISA revealed that 19
samples were infected with potyviruses and tobamoviruses
(Table 2).

Further infection percentages for each virus type were
calculated 57% of the tested samples were positive for
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begomoviruses making this group the most prevalent among
the tested viral pathogens. While 35% of the samples tested
positive for tobamoviruses which are typically seed-borne
and easily spread through plant handling also caused notable
damage in the fields. and 28% of the samples showed
positive for potyviruses which are often transmitted by
aphids can lead to mosaic and mottling symptoms in pepper
crops. In addition to single-virus infections mixed infections
involving multiple viruses were identified. 11% of the
samples were found to contain all three viruses
begomovirus, tobamovirus and potyvirus indicating the
occurrence of complex infections which are typically more
challenging to manage and often result in compounded
symptom severity. While 26% of the samples showed a
mixed infection of begomovirus and tobamovirus and 15%
of the samples were positive for both begomovirus and
potyvirus another combination that is expected to exacerbate
symptom expression and impact on crop yield. However,
13% of the samples displayed infection by both potyvirus
and tobamovirus which can also lead to complex symptoms,
including mosaic patterns and distorted leaf growth (Fig. 4).
These findings underscore the complexity of viral infections
in chilli crops in Anantapur, where both single and mixed
infections contribute to significant disease pressure. The
high prevalence of mixed infections may be attributed to the
presence of multiple virus vectors, continuous cropping
without rotation and overlapping crop cycles which can
facilitate viral spread and infection. A literature review by
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Laprom et al. (2019) [ analyzed 2,149 samples and
identified with different viruses such as begomovirus,
cucumber mosaic virus (CMV), chilli veinal mottle virus
(ChivVMV) and tomato necrotic ringspot virus (TNRV),
respectively. Additionally, research by Kenyon et al. (2014)
reported the identification of thirteen begomovirus species
in infected tomato, pepper and eggplant crops across various
countries in Southeast and East Asia highlighting the
widespread distribution and diversity of begomoviruses in
the region. These findings underline the significant impact
of begomoviruses and other viruses, such as CMV,
ChiVMV and TNRV in vegetable crops across Southeast
Asia, with regional variations in virus prevalence potentially
linked to local agricultural practices, environmental
conditions and vector populations.

Table 2: Mapping of viral diseases in Chilli

Begomovirus 57%

District | Location TotalNo. of |pcpirT-PCR
samples collected
Muchukota 5 2 3
Eguvapalli 5 4 1
Yellanur 5 3 2
Putluru 5 4 1
I/Anantapur Yadiki 5 3 2
Gooty 5 3 2
Yerragunta 5 2 3
Vankarakunta 5 2 3
Neredumuddapalee 5 3 2
Tobamovirus
26%
35%
1%
13%
28% Potyvirus

Fig 4: Venn diagram of virus infestation in samples collected from Anantapur district

Conclusion

The survey conducted across 45 chilli fields in Anantapur
district, Andhra Pradesh identified chilli leaf curl disease
(ChiLCD) as the predominant viral disease affecting hot and
sweet pepper crops, followed by infections from
potyviruses, cucumoviruses and tobamoviruses with
incidence rates ranging from 6% to 25%. The most common
symptoms observed were severe leaf curling, followed by
mosaic and mottling patterns, which are indicative of viral
infection. Molecular analysis confirmed the presence of both
single and multiple viral infections across the surveyed
fields highlighting the complexity of viral pressure on chilli
crops in the region. These findings underscore the urgent
need for comprehensive management strategies to address
viral diseases in chilli crops. Integrated management
approaches are recommended, including effective vector
control to manage whitefly populations (the primary

vectors), the use of virus-resistant cultivars to minimize
susceptibility and crop rotation to reduce the buildup of
virus reservoirs in the soil. Together, these strategies could
help reduce the prevalence of viral diseases in chilli crops
and improve overall productivity and sustainability in
Anantapur chilli cultivation.
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