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ABSTRACT

in South Asian Countries.

Chilly is a common spice crop grown in large quantities in South Asia. India produces 75% of the total chilly crop
followed by Nepal at 8% and Bangladesh at 6%, where it is grown primarily by large and small-scale farmers. It can
also be found in the kitchen garden. Disease and insect pests are the most significant factors affecting the production
of the chilly crop. The viral disease represents a significant threat to chilly production. Recently, 68 viruses have been
reported influencing the chilly crop all over the world. Chilly Leaf Curl Virus Disease, Cucumber Mosaic Virus,
Tobacco Mosaic Virus, Tomato Spotted Wilt Virus, Potato Virus Y, Alfalfa Mosaic Virus, Pepper Vein Mottle Virus,
Beet Curl Top Virus, and Pepper Mild Mottle Virus are among the 68 viruses belonging to seven genera namely,
Begomowirus, Cucumovirus, Tobamovirus, Tospovirus, Potyvirus, Alfamovirus and Curtovirus. In chilly cultivation, yield
losses vary from 15 to 100%, depending on the virus. This review article is an analysis providing of top ten viruses
reported in Chilly, including their geographic range, yield losses, symptomatology, transmission and management
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INTRODUCTION

Chilly belongs to the genus Capsicum, under Solanaceae family. It
is an important fruit vegetable, and spice, with a frequently sharp
taste and attractive appearance, so it is grown all over the world [1].
Since the introduction of the chilly crop in South Asian countries
in the 16th century, the climate of the region has been favourable
for its cultivation. The production of green and dry chilli across the
world in 2019 was approximate 38652669 tons (FAOSTAT. 2019).
India produces 1743000 tonnes of dry chilli and 81837 tonnes of
green chilli. The top five chilly producing countries in South Asia
in 2019 was India, Nepal, Bangladesh, Pakistan, and Iran, with a
total production of 1824837, 187629, 149473, 101659, and 100232
tonnes (FAOSTAT 2019) (Table 1). Chilly is a cash crop in South
Asia, it contributes to the economy in a various of ways, including
as a source of income and job creation. Particularly to the rural
population and foreign earners. Recognizing the importance of
chilly as a cash crop in South Asia and around the world, the
constraint to its production is reviewed with the goal of addressing
them. High seed costs, a lack of proper and appropriate inputs, a
lack of improved varieties, drought stress, low soil fertility, a lack
of storage facilities, price volatility, a lack of technical knowledge
at the farm level, and extreme disease are some of the major
constraints. The most devastating factors in the production of
chilly crop are viral diseases, which cause serious economic losses
to chilli cultivators. In this review we are reporting a wide range

of viral diseases which affects the chilli crop in all South Asian
countries, including India.

Table 1: Total chilli (Area harvested/Yield/Production) in South-Asian
countries (Source of Data: FAOSTAT,2019).

Area

S.N. Country Harvested Yield(hg/ha) Production
name (ha) (tones)
1. India 789892 23102 1824837
2. Nepal 22824 82206 187629
3. Bangladesh 96800 15441 149473
4. Pakistan 47349 21470 101659
5. Iran 7922 126523 100232
6. Srilanka 10504 56259 59095
1. Bhutan 3643 56091 20434
8. Maldives 28 23571 66
0. Afghanistan - - -
LITERATURE REVIEW

This is a retrospective and descriptive study based on the medical
records of patients seen in dermatology consultations over the period
from January 1, 2010 to December 31, 2020 (10 years). Included
were patients of all ages and both sexes in whom a positive diagnosis
of onychomycosis was made, based on clinical and mycological
examinations. Only complete patient files were retained. Data was
collected on the basis of a technical sheet including the study variables:
the socio-demographic data of the patients, clinical and mycological

(Table 2).
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Table 2: Details of top ten viruses reported in chilly in South Asian Countries
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SN Virus Genus Family Common Transmission ~ Genome Type Country References
symptom Reporter
. Curling O‘f leaf, India, Thakur et al., 2018;
Chilli Leaf . . Puckering, . .
1 Begomovirus  Geminiviridae o Aphid Pakistan, & Senanayake and
Curl Blistering &
) ) Nepal Dassanayake, 2015
swelling of vein
Mild MOS&I'C, . Venkatesh et al., 2019;
Yellow mottling, India, Ashfaq et al.. 2014:
Cucumber . . Vein banding, Vein  Aphid, Seed & Pakistan, shtaq etat, )
2 . Cucumovirus  Bromoviridae . ) ssRNA Rahman et al., 2016;
Mosaic clearing, stunted Mechanical Bangladesh : .
Ali and Kobayashi, M.
growth & Reduce Nepal & Iran
o (2010).
fruit size
India,
Curling of léaf, Banglgdesh, Alishiri et al., 2013;
Tobacco . . . Leaf Mosaic, Seed & Pakistan
3 ) Tobamovirus  Virgaviridae i ssRNA Shrestha et al., 2018;
Mosaic stunted growth & Mechanical ,Nepal Iran Akhatar et al.. 2019
Reduce fruit size Srilanka, & araretal,
Bhutan,
(;ur‘hng of leaf,‘ India, Nepal, Bidari and Reddy,
Wilting, Necrotic .
4 Tomato Tospovirus  Bunyauitidae & Chlorotic spots Thrips & ssRNA Bangladesh 1990; Ashfaq and
Spotted p ¥a . P Mechanical Pakistan, &  Ahmad, 2017; Green,
&Necrotic streak
Iran 1993
on stem
Vein c'learmg \/ém Indm, Rahman et al,, 2016;
Potato banding, Mosaic, . Pakistan,
) . » R Aphid, & Paudel and Khanal,
5 VirusY Potyvirus Potyviridae mottling, inter- . ssRNA Bangladesh, .
) ] Mechanical 2018; Hosseini et al.,
(PVY) veinal chlorosis, Nepal, Iran & 2011
stunted height Srilanka
Alfalfa Bright Yellow and India, Pakistan ~ Hussain and Abid,
Mosaic . . Bronchy Mosaic ~ Aphid, Seed & Iran, Nepal, 2011; Sastry et al.,
0 Virus Alfamovirus  Bromoviridae on leaf & stunted Mechanical ssRNA Bangladesh &  2019; Akhter et al.,
(AMV) height Srilanka 2019
Pepper Cﬁr(}:;i O\f/leiif’ India, Sharma et al., 2020;
Veinal . . 7 Aphid & Bangladesh, Myti et al., 2014; ;
! MottleVirus Potyvirus Potyviridae Eanfd mﬁ’ M.ottlg Mechanical ssRNA Nepal & Paudel and Khanal,
(PVMV) catyelowing Pakistant 2018
stunted height
Curling, Yellowing,
Beet Curl &Bf(}fa{fzpotf Iran, Pakistan, Eini et al., 2016;
8 Top Virus Curtovirus ~ Geminiviridae . oting O Leathopper ssDNA Nepal, India &  Hussain and Abid,
leaf, inter-veinal ;
(BCTV) . Srilanka 2011
chlorosis &
Stunted height
Mottling, Mosaic,
Chlorosis, Stunted India
Pepper mild growth, Mottling, . o Rialch et al., 2015;
9  mottle virus Tobamovirus  Virgaviridae Puckering, Ai/}lnd};Se.ed 1& ssRNA Spiklslian& Ahmad et al., 2015;
(PMMoV) Malformed leaves, cchanica rianka Alishri et al., 2013
[ran
small & deformed
fruits
Mosaic mottling India
Tomato o s . . ’ Jamuna et al., 2018;
10 mosaicvirus Tobamovirus  Virgaviridae Crinkling, curling - Aphid, Se.ed & ssRNA Pakistan, Iran, Ullah et al., 2017; Lin
of leaves & stunted Mechanical Bhutan &
(ToM V) . et al., 2013
growth Srilanka

Chilly Leaf Curl Virus (ChiLCVD)
Chilly Leaf Curl Virus (ChiLCVD) is a member of the genus Begomovirus

and family Geminiviridae. They are primarily found in the tropical and
subtropical regions of the globe. Geminiviruses are recognized as one of
the most destructive plant viruses in the world, causing a major threat
to global food security [2,3]. South Asian countries, such as India,
have also been listed [4,5]. It is also reported in Nepal and Pakistan,

Bangladesh [6].

Yield loss: Yield losses caused by some geminiviruses have been estimated
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to be as high as 88-100% [7].

Symptoms: ChiLCVD symptoms include abaxial and adaxial curling
of the leaves, puckering, and blistering of interveinous areas, thickening
and swelling of the vein, and stunted growth [8,9]. Transmission of
Leaf curl virus is reported by M. persicae, A. nasturtii, A. craccivora.
Bemisia tabaci and Bemisia gossypiperda [10].

Resistant variety: The best resistant varieties reported are Pusa Jawala

and Phule Jyoti.



Kushwaha JK, et al.

Cucumber Mosaic Virus (CMV)

Cucumber Mosaic Virus (CMV) belongs to the genus Cucumovirus
and family Bromoviridae. It occurs globally, mainly in temperate, tropic
and sub-tropic regions of the world [11]. It has been found in India,
Nepal, Sri Lanka, Bhutan, Pakistan, and Iran, and is one of the most
widespread viruses in South-Asia [12,13]. CMV has affected over
1000 species in over 100 families, causing major economic losses in a
variety of ornamental, horticultural, and vegetable crops. CMV disease
incidence ranges from 46 to 47% in young plant stages [14].

Yield loss: CMV causes yield losses ranging from 20 to 100% and 10
to 20% even during harvesting time [15].

Symptoms: The Symptoms includes yellow moulting, distorted
leaves, and stunted growth [16,17]. Mild mosaic and dull-coloured
leaves, mottling, shoe-string, fern leaf, vein banding, vein clearing, leaf
deformation, and stunted growth and decreased fruit size are the most
common symptoms of naturally affected chilly plants [18].

Transmission: More than 80 species of aphids transmit CMV in a
non-persistent manner; the most effective CMV transmitters are Aphis
gossypii and M. persicae [19]. CMYV is also transmitted by chilli seeds
[20].

Resistant variety: CMV-resistant pepper genotypes have been
reported. For example, genotype CA23 (Noakhali) is resistant to CMV
in both natural and inoculated conditions, whereas genotype CA12
(Comilla-2) is moderately resistant [21].

Tobacco Mosaic Virus (TMV)

The Tobacco Mosaic Virus (TMV) is the first virus to be discovered. It
belongs to the genus Tobamovirus and family Virgaviridae [22]. The virus
was reported to infect the Chilly crop in India, Bangladesh, Pakistan,
Nepal, Iran, Srilanka, and Bhutan [23,24].

Yield loss: The heavy yield losses due to this virus have been worldwide
reported in tobacco, tomato, and pepper. The yield losses of up to
90% have been recorded in bell pepper because of TMV infection [25].

Symptoms: Infected pepper plants are usually stunted, deformed, with
raised bumps and mottled areas in the leaves, as well as dark and light
green areas [26]. Other symptoms include leaf mosaic, leaf curling, and
stunted growth Fruit that has been infected shrinks dramatically in size
and ripens unevenly [23,27].

Transmission: TMV is a seed-borne disease in chilly disease transmitted
primarily by plantto-seed communication, mechanical means such as
hand, cutting tool, and other tools, but not by insectvectors. TMV
infects at least 125 different crop types, including tobacco, tomato,
chilly, and cucumber [27].

Resistant variety: Pant C-1, Arka Harika, and Hisar Vijay are some of
the TMV resistant varieties (Source: seednet.gov.in).

Tomato Spotted Wilt Virus (TSWV)

Tomato Spotted Wilt Virus (TSWV) is member of the genus Tospovirus
and family Bunyauitidae. It occurs globally and mainly in temperate,
tropic, and sub-tropic regions of the world [28,29]. Chilli has been
identified to be infected by this virus in India, Pakistan, Nepal,
Bangladesh, and Iran [24]. It can also be found in Asia and Europe
(301.

Yield loss: TSWV reduced yield from 45% to 95% and in some cases
up to 100%.

Symptoms: Mostly, infected chilly plant shows necrotic lesion or
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chlorotic spots, bronzing, curling, and wilting of leaves and necrotic
streaks on the stem [31].

Transmission: Viruses are spread between plants in a variety of ways,
including vegetative propagation, mechanical transmission by sap,
seed, pollen, insects, mites, nematodes, dodder, and fungi. Thrips
(Frankliniella occidentalis) transmit it [32]. Capsicum annum is a
susceptible variety toward TSWV.

Resistant variety: TSWV resistant varieties include Capsicum

chinense PI15225 and P1159236 [33].
Potato Virus Y (PVY)

Potato Virus Y (PVY) is a member of the genus Potyvirus and family
Potyviridae [34). PVY is most common in crops of the Solanaceae family,
such as potato and chilli, and has a higher prevalence in pepper.

Yield loss: PVY Virus diseases resulted in yield losses ranging from 60
to 100%, and these were regarded as major constraints to the crop's
economic production [35].

Symptoms: The symptom appeared in the naturally infected chilly
plant were developed mild yellowing, vein clearing, vein banding,
mottling, mosaic, and interveinal chlorosis in leaves and stunted hight.

Transmission: PVY is naturally transmitted by numerous species of

aphid [36].

Resistant  variety: PVY-esistant cultivars  include

amaranticolor and Capsicum quinoa
Alfalfa Mosaic Virus (AMV)

Alfalfa Mosaic Virus (AMYV), which belongs to the genus Alfamovirus
and family Bromoviridae [37]. It infects over 400 plant species worldwide,
including several vegetable and woody crops [38]. Although AMV
is found all over the world, but in South Asia, it is most common
in India, Iran, Bangladesh, and Pakistan [39]. In chilly fields, disease
incidence ranged from 80 to 100%.

Capsicum

Symptoms: Common symptoms associated with AMV on pepper are
blotchy white and bright yellow mosaic on its leaves [40]. Plants that
are infected with the virus at a young stage display stunted growth with
misshapen and blotchy fruits.

Transmission: AMV is the only one of these viruses that can be spread
through pollen grains and seeds [41]. AMV has a broad host range and
is spread by aphid species such as the Pea Aphid (Acyrthosiphon pisum)
through mechanical and non-persistent transmission [42].

Resistant variety: As a result, resistant varieties such as Pusa Sadabahar,
Arka Meghana, and Pusa Jawala must be used (Source: seednet.gov.in).

Pepper Veinal Mottle Virus (PVMV)

PVMYV (Pepper Veinal Mottle Virus) belongs to the genus Potyvirus and
the family Potyviridae. It is distributed worldwide [43].

Yield loss: PVMV causes yield losses ranging from 55 to 65% and
disease incidents up to 100% in Nepal and other South Asian
countries [44].

Symptoms: On infected chilly plants, PVMV causes curling,
vein banding, mosaic, mottle, ringspot, leaf yellowing, blistering
deformation, and plant stunting [45].

Transmission: PVMV is transmitted with aphid, the disease is usually
transmitted by six species of aphids including (Aphid creccivora, A.
spiraecola, A. febae, A. gossypii, Myzus persicae and Rhapalosiphum maidis).
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But Myzus persicae and A. gossypii are most probably transmission
vectors [406].

Resistant variety: The majority of chilly cultivars are susceptible to
PVMYV, except for NHV1-D96 and NHV1-E96, which are highly
tolerant to PVMYV infection [44].

Beet Curly Top Virus (BCTV)

Beet Curl Top Virus (BCTV) is a member of the Curtovirus genus and
the Geminiviridae family. It is a virus that causes significant loss to the
chilly, tomato, and sugar beet crops all over the world [47]. It is widely
distributed throughout the Middle East and Africa, as well as in South
Asian countries such as Iran, Pakistan, Nepal, and India [48].

Yield Loss: In the late 1900s, BCTV caused yield losses of up to 80%
in southern New Mexico, as well as Iron, Pakistan, Nepal, and India

in South Asia [48].

Symptoms: BCT V-infected chilly plant with curling, yellowing, mosaic
spot, and leaf rolling, severe interveinal chlorosis, and internode
shortening resulting in stunted height.

Transmission: Circulifer tenellus and C. haematoceps naturally transmit
Beet Curl Top Viruses in a circulative persistent manner with a diverse
host range of plants including beet, tomato, and chilly [49].

Resistant variety: BCTV resistant varieties include Pusa Jawala and
Pant C-1 (Source: seednet.gov.in).

Pepper Mild Mottle Virus (PMMoV)

Pepper Mild Mottle Virus (PMMoV) is a single-stranded RNA virus
that belongs to genus Tobamovirus and family Virgaviridae [50]. PMMoV
is often distributing worldwide. It is found in South Asian countries
such as India, Iran, Pakistan, Sri Lanka, and Bangladesh [51].

Yield loss: When a young plant becomes infected with this viral
disease, it causes significant yield losses as well as significant damage
to the quality of the fruits. Disease incidence ranges from 20 to 80%,
with yield losses ranging from 50 to 100% [52].

Symptoms: Various symptoms have been associated with PMMoV
disease elsewhere and include mottling, mosaic, chlorosis, stunted
growth, mottling, puckering, malformed leaves, small and deformed

fruits, [53].

Transmission: PMMoV is highly infectious, and it is spread in the
fields by seed and soil, rather than insects [54]. PMMoV can survive
on infected debris and in soil. It serves as primary inoculum for
consequent crops [55]. Capsicum spp. is the virus's primary host, but
studies have shown that it can infect up to 24 Solanaceae species as well
as other Chenopodiaceae, Cucurbitaceae, Labiatae, and Plantaginaceae
species.

Resistant variety: The susceptible variety is Kashi Shurkh (CCH-2)
while the resistant varieties are Phule Jyoti, Pant C-1, and Pusa Jawala
(Source: seednet.gov.in).

Tomato Mosaic Virus (ToMV)

Tomato Mosaic Virus (ToMV) is belongs to genus Tobamovirus and
the family Virgaviridae. Genetic material is a positive, single-stranded
RNA virus present with Road-shaped virion. ToMV has a worldwide
distribution . In South Asian countries, it is found in India, Pakistan,

Iran, Bangladesh, and Sri Lanka [56-59].

Yield loss: According to a survey conducted in two districts of
Coimbatore, Tamil Nadu, India during March 2016 [60], disease
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incidence ranges from 15 to 20%, and it can cause yield loss ranging

from 20 to 90% .

Symptoms: ToMV symptoms resemble those of TMV in most cases,
with mosaic mottling, crinkling, curling of leaves, and stunted growth
on pepper plants infected with ToMV [61,62]. It has been identified
as infecting over 150 economically important crop species, including
vegetables and ornamental flowers [37]. It is more common on tomato
and pepper than TMV.

Transmission: Contact is the most common mode of transmission,
but it can also be transmitted mechanically or by seed [25,63].

Resistant variety: Azad Mirch-1 is tolerant to (ToMV) but not resistant
to it. Pant C-1 was thus used as a resistant cultivar (Source: seednet.
gov.in)

DISCUSSION

We have listed all the top ten viruses of chilly in a table form which
include their names, Genus, Family, symptoms, mode of transmission,
Genotype, Country and references (Table 2). There are many other
viruses reported in South-east Asia. Some of them are Chilly Veinal
Mottle Virus (ChiVMV) and Tomato Yellow Leaf Curl Virus reported
from Bangladesh, Tomato Leaf Curl Karnataka Virus (ToLCKV)
and Tomato Leaf Curl New Delhi Virus (TOLCNDV) are reported in
India [18,40]. Potato Virus X (PVX) and Tobacco Itch Virus (TIV) are
reported in Sri-lanka as well as India [35]. The virus diseases in Chilly
is a prevalent feature new species and strains of viruses are frequently
being discovered, causing damage to the cultivar.

CONCLUSION

In this review we have discussed top 10 viruses that infect chilly crop
in South Asian countries, it has been noticed that Chilly Leaf Curl
Virus Disease (ChiLCVD), Potato Virus Y (PVY), and Cucumber
Mosaic Virus (CMV) are most harmful and widespread. In our survey
we found that India Pakistan, Bangladesh, and Iran have significant
research work done while no virusrelated work on chilly has been
reported in Afghanistan and Maldives. Knowledge of different types
of viruses infecting chilly crop may provide us basis to develop resistant
varieties. Although many research works have been conducted on
virus infecting chilly but still there are gaps to be filled in term of
management of viruses.

ACKNOWLEDGEMENT

We are thankful to Prof. Pooja Singh Head, Department of Botany,
DDU Gorakhpur University for her valuable suggession and support.

REFERENCES

1. Mehta I. ChilliesThe Prime Spice-A History. IOSR ] Humanit Soc Sci
(IOSRJHSS). 2017;22(7);32-36.

2. Brown JK, Zerbini FM, Navas-Castillo ], Moriones E, Ramos-Sobrinho
R, Silva JC, et al. Revision of begomovirus taxonomy based on pairwise

sequence comparisons. Arch Virol. 2015;160(6):1593-619.

3. Fauquet CM, Stanley ]J. Geminivirus classification and nomenclature:

Progress and problems. Ann Appl Biol. 2003;142(2):165-189.
4. Thakur H, Jindal SK, Sharma A, Dhaliwal MS. Chilli leaf curl

virus disease: a serious threat for chilli cultivation.] Plant Dis Prot.

2018;125(3):239-249.
5. Kumar A, Sinha V, Khan Z, Sarin NB, Singh S, Tiwari A. A new

monopartite begomovirus associated with betasatellite molecule
causing leaf curl disease of chilli in India. Int ] Adv Res. 2016;4(4):636-
641.


https://doi.org/10.1007/s00705-015-2398-y
https://doi.org/10.1111/j.1744-7348.2003.tb00241.x
https://doi.org/10.1007/s41348-018-0146-8
https://doi.org/10.21474/IJAR01/171

Kushwaha JK, et al.

6. Senanayake DM]B, Dhammika WAR,Dassanayake P JK, Navoditha
AMA, Kumari KASI. Detection of chilli leaf curl Srilanka virus in
chilli plants showing different virus like symptoms and in alternative

weed hosts. Ann Srilanka Agric.2015;17:76-79.

7. Zehra SB, Ahmad A, Sharma A, Sofi S, Lateef A, Bashir Z,et al.Chilli
leaf curl virus an emerging threat to chilli in India. Int J Pure App
Biosci.2017;5(5):404-414.

8. Mishra MD, Raychaudhuri SP, Ashrafi J. Virus causing leaf curl of
chilli (Capsicum annuum L.) Indian. ] Microbiol. 1963;3(2):73-76.

9. Kumar RV, Singh AK, Chakraborty S. A new monopartite begomovirus
species, chilli leaf curl Vellanad virus, and associated betasatellites
infecting chilli in the Vellanad region of Kerala, India. New Dis Rep.
2012;20.

10. Tahir M, Haider M S, Igbal J, Briddon RW. Association of a distinct
begomovirus and a betasatellite with leaf curls symptoms in Pedilanthus

tithymaloides. ] Phytopathol. 2009; 157(3):188-193.

11. Arogundade O, Balogun OS, Kareem KT. Occurrence and distribution
of pepper veinal mottle virus and cucumber mosaic virus in pepper in

Ibadan, Nigeria. Virol J. 2012; 9(1):1-4.

12. Venkatesh HL, Kavyashri VV, Padmaja AS, Nagaraju N, Ramesh S.
Biological confirmation of resistance from segregating populations of
Gherkin (Cucumis anguria L.) against cucumber mosaic virus (CMV).

J Appl Nat Sci. 2019;11(1):199-204.

13. Rahman MS, Akanda M, Mian IH, Bhuiyan K,Hossain M. Study the
effect of Cucumber Mosaic Virus (CMV) on different growth stages of
chili. Ann Bangladesh Agric. 2015;19:65-73.

14. Ashfag M, Ahmad A. First report of Tomato spotted wilt virus in hot
pepper in Pakistan. Plant Pathol. 2017; 99(1):291.

15. Green SK, Kim ]S. Characteristics and control of viruses infecting
peppers: a literature review. Asian Vegetable Research and

Development Center;1991; 18:60.
16. Azizan NH, Abidin ZA, Phang IC. Study of cucumber mosaic virus

gene expression in capsicum annuum. Sci Herit J. 2017;1(2):29-31.

17. Rai GS.Aetiology and integrated management of Phytophthora wilt of
chilli (Capsicum annuum L.) in Bhutan. 2021.

18. Rashid MH, Khalequzzaman KM, Alam MS, Uddin SA, Green SK.
Screening of different sweet pepper lines against cucumber mosaic
virus and chili veinal mottle virus. Int ] Sustain Crop Prod. 2007;2(3):
1-4.

19. Ashfaq M, Igbal S, Mukhtar T, Shah H. Screening for resistance to
cucumber mosaic cucumovirus in chilli pepper. ] Anim Plant Sci.

2014; 24(3):791-795.

20. Ali A, Kobayashi M. Seed transmission of Cucumber mosaic virus in

pepper. ] Virol Methods. 2010; 163(2):234-237.
21. Rahman MS, Akanda M, Mian IH, Bhuiyan K, Hossain M. New

sources of resistance to cucumber mosaic virus in Capsicum annuum.

J Crop Sci Biotechnol. 2016;19(3):249-258.

22. Scholthof KBG. Tobacco mosaic virus: the beginning of plant virology.
APSnet Features. 2008.

23. Alishiri A, Rakhshandehroo F, Zamanizadeh HR, Palukaitis P.
Prevalence of tobacco mosaic virus in Iran and evolutionary analyses

of the coat protein gene. Plant Pathol J. 2013; 29(3):260-273.
24. Akhter MS, Akanda AM, Kobayashi K, Jain RK, Mandal B. Plant

virus diseases and their management in Bangladesh. ] Crop Prot.2019;

118:57-65.
25. Chitra TR, Prakash HS, Albrechtsen SE, Shetty HS, Mathur SB.

Indexing of leaf and seed samples of tomato and bell pepper for

tobamoviruses Indian. Phytopathol. 2002; 55(1):84-86.

26. Pazarlar S,Gumus M,Oztekin GB.The effects of tobacco mosaic
vitrus infection on growth and physiological parameters in
some pepper varieties (Capsicum annuum L.). Not Bot Horti

Agrobo.2013;41(2):427-433.

Virol Mycol Open Access, Vol.10 Iss.3 No:209

OPEN 8ACCESS Freely available online

27. Kumar S,Udaya Shankar AC,Nayaka SC,Lund OS,Prakash
HS.Detection of Tobacco mosaic virus and Tomato mosaic virus
in pepper and tomato by multiplex RT-PCR. Lett Appl Microbiol.
(2011);53(3):359-363.

28. Norris DO. The strain complex and symptom variability of tomato
spotted wilt virus.Research Publications Repository.1946.

29. Rudolph C, Schreier PH, Uhrig JF. Peptide-mediated broad-spectrum
plant resistance to tospoviruses. Proceedings of the Natl Acad Sci.

2003;100(8):4429-4434.
30. Cho JD, Kim JS, Kim JY, Kim JH, Lee SH, Choi GS, et al. Occurrence

and symptoms of tomato spotted wilt virus on vegetables in Korea (I).

Plant Dis. 2005; 11(2):213-216.

31. Agrios GN. Plant pathology 5th Edition: Elsevier Academic Press.
2005; 79-103.

32. Wijkamp I, van Lent ], Kormelink R, Goldbach R, Peters D.
Multiplication of tomato spotted wilt virus in its insect vector,

frankliniella occidentalis.] GEN VIROL.1993;74(3):341-349.

33, Black LL, Hobbs HA, Gatti Jr JM. Tomato spotted wilt virus resistance
in capsicum chinense PI 152225 and 159236. Plant Dis.1991;
75(8):863.

34. Hollings M, Brunt AA. Potyvirus group. CMI/AAB descriptions of
plant viruses.1981;245(7).

35. Green SK. Pepper virus research in taiwan and other Asian countries.
InSymposium on plant virus and virus-like diseases.1993; 213-243.

36. Radcliffe EB, Ragsdale DW. Aphid-transmitted potato viruses:
the importance of understanding vector biology. Am ] Potato Res.

2002;79(5):353-386.

37. Waweru B, Kilalo D, Miano D, Kimenju JW, Rukundo P.Diversity and
economic importance of viral diseases of pepper (Capsicum spp.) in

Eastern Africa.] Appl Hortic. 2019;21(1):70-76.

38. Parrella G, Lanave C, Marchoux G, Finetti-Sialer MM,Di Franco A,
Gallitelli D.Evidence for two distinct subgroups of Alfalfa mosaic virus
AMYV from France and Italy and their relationship with other AMV
strains.Arch Virol. 2000;145(12):2659-2661.

39. Damiri N. Mixed viral infection and growth stage on Chilli (Capsicum
annuum L.) production. Pertanika J. Trop. Agric. Sci. 2014; 37(2):275-
83.

40. Kenyon L, Kumar S, Tsai WS, Hughes JDA. Virus diseases of peppers
(Capsicum spp.) and their control.Adv Virus Res. 2014;90:297-354.

41. Garran ], Gibbs A. Studies on alfalfa mosaic virus and alfalfa aphids
Aust. ] Agric Res. 1982; 33(4):657-664.

42. AVRDC. Alfalfa mosaic virus. Fact Sheet. AVRDC Publication. 2004.

43.Moury B, Palloix A, Caranta C, Gognalons P, Souche S, Selassie
KG, et al. Serological, molecular, and pathotype diversity of pepper
veinal mottle virus and chili veinal mottle virus. Phytopathology.

2005;95(3):227-232.
44. Fajinmi AA, Odebode CA, Fajinmi OB. The effect of agro-ecological

zones on the incidence and distribution of aphid vectors of pepper
veinal mottle virus, on cultivated pepper (Capsicum annuum L.) in

Nigeria. ] Cent Eur Agric. 2011;12(3).

45. Tsai WS, Abdourhamane IK, Kenyon L. First report of pepper veinal
mottle virus associated with mosaic and mottle diseases of tomato and

pepper in mali. Plant Dis. 2010;94(3): 378-378.

46. Alegbejo MD, Abo ME. Ecology, epidemiology and control of pepper
veinal mottle virus (PVMYV), genus Potyvirus, in west Africa. ] Sustain
Agric. 2002;20(2):5-16.

47. Wintermantel WM, Mosqueda NF, Cortez AA, Anchieta AG. Beet
curly top virus revisited: factors contributing to re-emergence in

California. In Ist Joint IRBASSBT Congress. 2003;295-302.
48. Eini O, Sahraei GE, Behjatnia SA. Molecular characterization and

construction of an infectious clone of a pepper isolate of beet curly top

Iran virus. Mol Biol Res Commun. 2016;5(2):101-103.


http://dx.doi.org/10.18782/2320-7051.5471
https://doi.org/10.1186/1743-422X-9-79
https://doi.org/10.31018/jans.v11i1.1979
https://www.cabdirect.org/cabdirect/abstract/20183088558
https://pdf.usaid.gov/pdf_docs/PNABK806.pdf
https://doi.org/10.26480/gws.02.2017.29.31
https://hdl.handle.net/2123/24369
https://www.cabdirect.org/cabdirect/abstract/20083184952
https://www.cabdirect.org/cabdirect/abstract/20183088558
https://doi.org/10.1016/j.jviromet.2009.09.026
https://doi.org/10.1007/s12892-016-0044-1
https://doi.org/10.1094/APSnetFeatures-2008-0408
https://dx.doi.org/10.5423%2FPPJ.OA.09.2012.0145
https://doi.org/10.1016/j.cropro.2018.11.023
https://doi.org/10.5423/RPD.2005.11.2.213
https://doi.org/10.15835/nbha4129008
https://doi.org/10.1111/j.1472-765X.2011.03117.x
https://doi.org/10.25919/8rh8-a898
https://doi.org/10.1073/pnas.0730832100
30.	Cho JD, Kim JS, Kim JY, Kim JH, Lee SH, Choi GS, et al. Occurrence and symptoms of tomato spotted wilt virus on vegetables in Korea (I). Plant Dis.2005; 11(2):213-216.
https://www.elsevier.com/books/plant-pathology/agrios/978-0-08-047378-9
https://doi.org/10.1099/0022-1317-74-3-341
https://doi.org/10.1094/PD-75-0863A
https://worldveg.tind.io/record/20026/
https://doi.org/10.1007/BF02870173
https://doi.org/10.37855/jah.2019.v21i01.13
https://doi.org/10.1007/s007050070014
https://repository.unsri.ac.id/9193/
https://doi.org/10.1016/B978-0-12-801246-8.00006-8
https://doi.org/10.1071/AR9820657
https://example.comhttp://203.64.245.61/web_crops/pepper/AMV.pdf
https://doi.org/10.1094/PHYTO-95-0227
https://doi.org/10.5513/jcea.v12i3.992
https://doi.org/10.1094/PDIS-94-3-0378B
46.	Alegbejo MD, Abo ME. Ecology, epidemiology and control of Pepper veinal mottle virus (PVMV), genus Potyvirus, in west Africa. J. Sustain. Agric.2002;20(2):5-16.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5219900/

Kushwaha JK, et al.

49. Yazdi HB, Heydarnejad J, Massumi H. Genome characterization and
genetic diversity of beet curly top Iran virus: A geminivirus with a novel

nonanucleotide.Virus genes. 2008;36(3):539-545.
50. Yoon JY, Ahn HI, Kim M, Tsuda S, Ryu KH. Pepper mild mottle virus

pathogenicity determinants and cross protection effect of attenuated
mutants in pepper. Virus research. 2006; 118(1-2):23-30.

51. Ahmad A, Tiberini A, Ashfaq M, Tomassoli L. First report of pepper
mild mottle virus infecting chilli pepper in Pakistan. New Dis Rep.
2015;32(1):31.

52. MartinezOchoa N, Langston DB,Mullis SW,Flanders JT.First report
of pepper mild mottle virus in Jalapeno pepper in Georgia. Plant

Health Prog.2003;4(1):26.

53. Guldir ME, Caglar BK. Outbreaks of pepper mild mottle virus in
greenhouses in Sanliurfa, Turkey. ] Plant Pathol. 2006;88(3):339-342.

54. Rialch N, Sharma V, Sharma A, Sharm PN. Characterization and
complete nucleotide sequencing of Pepper mild mottle virus infecting

bell pepper in India. Phytoparasitica. 2015;43(3):327-337.

55.Lamb EM, Adkins S, Shuler KD ,Roberts PD. Pepper mild mottle
virus.IFAS Ext.2001;808.

Virol Mycol Open Access, Vol.10 Iss.3 No:209

OPEN aACCESS Freely available online

56.King A M, Adams M], Carstens EB, Lefkowitz EJ.Virus taxonomy.
Ninth report of the International Committee on Taxonomy of

Viruses.2012;486-487.
57. Hu Q, Jiang T, Xue C, Zhou X. Characterization and complete

nucleotide sequence of two isolates of tomato mosaic virus.

Phytopathology. 2012; 160(3):115-119.
58.Jamuna S, Rajendran L, Haokip BD, Nagendran K, Karthikeyan

G, Manoranjitham SK. First report of natural infection of solanum
nigrum with tomato mosaic virus in India. Plant Dis. 2018;102(5):

1044-1044.

59. Farshad R. Phylogenetic analysis and genetic structure of new isolates
of tomato mosaic virus in Iran. ] Plant Prot Res. 2018;58(1):25-35.

60. Ullah N, Ali A, Ahmad M, Fahim M,Din N,Ahmad F. Evaluation of
tomato genotypes against tomato mosaic virus (ToMV) and its effect

on yield contributing parameters. Pak J Bot. 2017;49(4):1585-1592.

61. Broadbent L. Epidemiology and control of tomato mosaic virus. Annu

Rev Phytopathol. 1976; 14(1):75-96.
62.Imran M, Khan MA, Fiaz M, Azeem M, Mustafa M. Influence of

environmental conditions on tomato mosaic virus disease development

under natural condition Pakistan. ] Phytopathol. 2013;25(2):117-122.

63. Kenyon L, Kumar S, Tsai WS, Hughes JDA. Virus diseases of peppers
(Capsicum spp.) and their control. Adv Virus Res. 2014;90:97-354.


https://doi.org/10.1007/s11262-008-0224-2
https://doi.org/10.1016/j.virusres.2005.11.004
http://dx.doi.org/10.5197/j.2044-0588.2015.032.031
https://doi.org/10.1094/PHP-2003-1223-01-HN
https://www.cabi.org/isc/FullTextPDF/2006/20063236850.pdf
http://dx.doi.org/10.1007/s12600-015-0453-6
http://ufdcimages.uflib.ufl.edu/IR/00/00/16/90/00001/CV27500.pdf
https://doi.org/10.1111/j.1439-0434.2011.01866.x
https://doi.org/10.1094/PDIS-08-17-1264-PDN
https://doi.org/10.24425/119114
https://www.annualreviews.org/doi/pdf/10.1146/annurev.py.14.090176.000451
https://doi.org/10.1016/B978-0-12-801246-8.00006-8



