


Role of Weed Hosts in the Epidemiology of Chilli Leaf Curl Virus (ChiLCV) in Chilli Ecosystems


Abstract
Chilli (Capsicum annuum L.) is an economically important spice crop cultivated widely in tropical and subtropical regions. However, its productivity is severely affected by viral diseases, among which chilli leaf curl disease caused by begomoviruses is one of the most destructive. The present study was undertaken to investigate the role of weed hosts in the epidemiology of Chilli leaf curl virus (ChiLCV) in chilli ecosystems around Bengaluru. Field surveys were conducted in major chilli-growing regions including Kolar, Chikkaballapura and Bengaluru districts. Several weed species growing in and around chilli fields were collected and examined for virus-like symptoms. Typical symptoms such as yellowing, leaf curling, puckering, mosaic and stunting were observed in many weed species. Molecular detection using ChiLCV coat protein (ChiLCV-CP) specific primers confirmed the presence of begomovirus infection in several weed hosts. The results indicate that weeds present in chilli ecosystems serve as potential reservoirs of ChiLCV and contribute to disease spread through whitefly vectors. The study highlights the importance of weed management in reducing virus inoculum and minimizing the spread of chilli leaf curl disease.
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Introduction
Chilli (Capsicum annuum L., Family: Solanaceae) is one of the most important spice crops cultivated worldwide due to its culinary, medicinal and economic importance (Dhaliwal et al., 2014; FAO, 2021; Sakthivel et al., 2025). India is among the leading producers of chilli, and the crop contributes significantly to agricultural income. However, chilli production is frequently affected by several diseases caused by fungi, bacteria, nematodes and viruses that reduce both yield and fruit quality (Jagdale & Ghosh, 2019).
Among viral diseases, chilli leaf curl disease caused by begomoviruses has emerged as one of the most serious threats to chilli cultivation in many countries (Kenyon et al., 2014; Kumar et al., 2011). Begomoviruses belong to the family Geminiviridae and possess circular single-stranded DNA genomes encapsidated in twinned icosahedral particles (Nawaz-ul-Rehman & Fauquet, 2009 : Brown et al., 2015). These viruses are transmitted by the whitefly Bemisia tabaci in a persistent circulative manner (Bedford et al., 1994; Senanayake et al., 2012). Infected chilli plants typically exhibit symptoms such as upward leaf curling, puckering, vein thickening, yellowing and severe stunting, which ultimately lead to substantial yield losses (; Kumar et al., 2011: Kenyon et al., 2014).
The epidemiology of begomoviruses is greatly influenced by the presence of alternate host plants. Weeds growing in and around crop fields often act as reservoirs for plant viruses and facilitate their survival during off-season periods (Varma & Malathi, 2003 : Seal et al., 2006). These weeds also provide favorable habitats for whitefly vectors and thereby enhance virus transmission to cultivated crops (Muniyappa & Veeresh, 1984; Anokhe et al., 2018). Several weed species such as Parthenium hysterophorus, Ageratum conyzoides, Sida spp., and Euphorbia spp. have been reported to harbor begomoviruses and contribute to the persistence of viral diseases in agricultural ecosystems (Mishra et al., 2020 : Pandey et al., 2022).
Molecular detection techniques such as polymerase chain reaction (PCR) have significantly improved the detection and characterization of begomoviruses from both cultivated crops and alternate host plants (Briddon et al., 2003; Khan & Khan, 2017). PCR-based detection enables the identification of virus reservoirs and facilitates better understanding of virus epidemiology in crop ecosystems (Madhu Kiran et al., 2021).
Considering the importance of alternate hosts in the epidemiology of begomoviruses, the present study was undertaken to identify weed species associated with chilli ecosystems and to determine their potential role in the epidemiology of Chilli leaf curl virus in the Bengaluru region.
Materials and Methods
Survey of chilli ecosystems
Field surveys were conducted during the chilli growing season in major chilli-producing regions around Bengaluru including Kolar, Chikkaballapura and Bengaluru districts. Several chilli fields and surrounding areas such as bunds, irrigation channels and uncultivated lands were inspected for the presence of weeds and virus-like symptoms.
Collection of weed samples
[image: ]During the survey, both symptomatic and asymptomatic weed plants growing within and around chilli fields were collected for further analysis. Various weed species belonging to different plant families were observed in the chilli ecosystem. The weed hosts collected during the survey included Parthenium hysterophorus, Amaranthus viridis, Hibiscus vitifolius, Solanum nigrum, Sida acuta, Portulaca oleracea, Boerhavia erecta, Cassia tora, Stachytarpheta jamaicensis, Alternanthera sessilis, Euphorbia geniculata, Malvastrum coromandelianum, Achyranthes aspera, Ageratum conyzoides, Chenopodium murale, Solanum americanum, Mirabilis jalapa, Sida carpinifolia, Synedrella nodiflora, Acalypha indica, Commelina benghalensis and Aeschynomene indica. Collected samples were labeled and transported to the laboratory for symptom observation and molecular analysis. Representative weed samples collected during the survey are shown in Fig. 1.
Fig.1: Typical begomovirus symptoms observed on weed host plants in chilli ecosystem in and around Bengaluru
Symptom observation
The collected weed samples were examined carefully for virus-like symptoms. Symptoms such as leaf yellowing, curling, puckering, mosaic patterns and stunting were recorded. 
DNA extraction
Total genomic DNA was extracted from leaf tissues of collected weed samples using the CTAB method described by Doyle and Doyle (1990). Approximately 100 mg of leaf tissue was ground in extraction buffer and incubated under appropriate conditions. The DNA was purified using chloroform-isoamyl alcohol and precipitated with isopropanol. The DNA pellet was washed with ethanol and finally dissolved in TE buffer for further molecular analysis.
PCR detection of ChiLCV
PCR amplification was carried out using Chilli leaf curl virus coat protein (ChiLCV-CP) specific primers for the detection of begomovirus infection in weed samples. The reaction mixture consisted of template DNA, forward and reverse primers, PCR buffer, dNTPs and Taq DNA polymerase. Amplification was performed in a thermal cycler using standard cycling conditions. The amplified products were separated by agarose gel electrophoresis and visualized under UV illumination following the method described by Sambrook and Russell (2001). 
Results and Discussion
Symptomatology of begomovirus infection in weed hosts
During the field survey, several weed species growing in and around chilli fields exhibited typical symptoms associated with begomovirus infection. The symptoms observed included yellowing of leaves, upward curling, puckering, mosaic patterns and stunted growth. Among the weed hosts observed, Parthenium hysterophorus, Sida acuta, Solanum nigrum, Alternanthera sessilis, Euphorbia geniculata, Ageratum conyzoides and Malvastrum coromandelianum frequently exhibited virus-like symptoms. The distribution of weed species and associated symptoms observed during the survey are summarized in Table 1.

[bookmark: _GoBack]Table 1: Weed hosts showing begomovirus-like symptoms in chilli ecosystems around Bengaluru
	District
	Taluk
	Weed species
	Family
	Observed symptoms

	Kolar
	Srinivaspur
	Parthenium hysterophorus
	Asteraceae
	Yellowing, curling, mosaic

	Kolar
	Srinivaspur
	Amaranthus viridis
	Amaranthaceae
	Yellowing

	Kolar
	Srinivaspur
	Hibiscus vitifolius
	Malvaceae
	Curling

	Kolar
	Srinivaspur
	Solanum nigrum
	Solanaceae
	Yellowing, curling

	Kolar
	Srinivaspur
	Sida acuta
	Malvaceae
	Yellowing, curling

	Chikkaballapura
	Chinthamani
	Alternanthera sessilis
	Amaranthaceae
	Yellowing, curling

	Chikkaballapura
	Chinthamani
	Euphorbia geniculata
	Euphorbiaceae
	Curling, puckering

	Chikkaballapura
	Chinthamani
	Malvastrum coromandelianum
	Malvaceae
	Yellowing, curling

	Chikkaballapura
	Chinthamani
	Ageratum conyzoides
	Asteraceae
	Yellowing, curling

	Chikkaballapura
	Chikkaballapura
	Solanum americanum
	Solanaceae
	Yellowing, curling

	Kolar
	Srinivaspura
	Sida carpinifolia
	Malvaceae
	Yellowing

	Kolar
	Mulbagal
	Acalypha indica
	Euphorbiaceae
	Yellowing, curling

	Bengaluru Urban
	Bengaluru North
	Cassia tora
	Fabaceae
	Yellowing, curling



The occurrence of these symptoms suggests that these weeds may serve as alternate hosts for begomoviruses in chilli ecosystems. Similar findings have been reported in earlier studies where several weed species were identified as reservoirs of begomoviruses in vegetable cropping systems (Varma & Malathi, 2003; Pandey et al., 2022).
Molecular detection of ChiLCV in weed samples
PCR amplification using ChiLCV coat protein specific primers produced expected DNA fragments in several weed samples, confirming the presence of begomovirus infection. The PCR products were analyzed through agarose gel electrophoresis and the amplified bands were visualized under UV illumination. The PCR results indicate that several weed hosts present in chilli ecosystems harbor ChiLCV and can serve as reservoirs of the virus.
The presence of begomoviruses in weed hosts has been reported earlier in several cropping systems and is known to play an important role in disease epidemiology (Mishra et al., 2020; Madhu Kiran et al., 2021). Weeds that remain in the field throughout the year can maintain virus populations during non-cropping seasons. The PCR amplification results for ChiLCV detection in weed samples are presented in Fig.2.
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Fig.2. PCR amplified ChiLCV-CP in weed samples collected from different locations.
L – DNA ladder; PC – Positive control; NC – Negative control.
Phy – Parthenium hysterophorus; Avi – Amaranthus viridis; Hvi – Hibiscus vitifolius; Sni – Solanum nigrum; Sac – Sida acuta; Por – Portulaca oleracea; Cto – Cassia tora; Ase – Alternanthera sessilis; Ege – Euphorbia geniculata; Ain – Aeschynomene indica; Sca – Sida carpinifolia; Mco – Malvastrum coromandelianum; Aas – Achyranthes aspera; Cal – Calyptocarpus vialis; Aco – Ageratum conyzoides; Sno – Synedrella nodiflora.


Role of weeds in virus epidemiology
Weeds growing around chilli fields play a significant role in the epidemiology of begomoviruses. These plants can harbor viruses without severe symptoms and act as reservoirs of infection. Whiteflies feeding on infected weed hosts acquire the virus and subsequently transmit it to healthy chilli plants. The presence of these weed reservoirs therefore facilitates the persistence and spread of chilli leaf curl disease in agricultural ecosystems (Bedford et al., 1994; Senanayake et al., 2012).
Effective management of weeds surrounding chilli fields is therefore essential to reduce virus inoculum and minimize disease spread.
Conclusion
The present study demonstrated that several weed species associated with chilli ecosystems around Bengaluru harbor Chilli leaf curl virus. Symptom observations and molecular detection confirmed that weeds such as Parthenium hysterophorus, Ageratum conyzoides, Sida acuta, Euphorbia geniculata and Alternanthera sessilis act as potential reservoirs of ChiLCV. These weeds play a crucial role in virus survival and spread through whitefly vectors (Fig.3). Therefore, proper weed management along with vector control strategies is essential to reduce the incidence of chilli leaf curl disease in chilli cultivation.
[image: ]Fig 3. Workflow illustrating survey locations, weed host sampling, symptom observation, and PCR detection of ChiLCV in chilli ecosystems.
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Weed Hosts as Reservoirs of Chilli Leaf Curl Virus (ChiLCV) in Chilli Ecosystem of Southern Karnataka
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