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CHAPTER |

INTRODIJGTION

The Portuguese brought Capsicum to India from Brazil
prior to 1585» It beoame an important orop in India grown
for fruits which are used as condiment both when green and
ripe dried. Among the several species, Capsicum annuumLinn..
and C.frutescens Linn., are cultivated. Most of the varie-
ties both pungent and sweet peppers cultivated in India

originated from C.annuum.

The chilli is known for its flavour end pungency.

Both ripe and green chilli is used for imparting pungency.
Sweet peppers are used as salad, stuffed with meat or as
vegetable. In India, unripe chillies are consumed as a
bite with meals, used for making pickles, chutneys, frying
etc. The pungency is due to an active principle, capsicin,
contained in the pericarp and placenta. It is also a
source of Vitamins A and B to some extent. The Juice is
claimed to be a sure cure for toothache and digestive dis-

turbances.

This is an important cash crop of India and is grown

both for home market and export. Important foreign markets
for Indian chilli are Sri Lanka, Kuwait, Iran and the United
Kingdom. It is mostly exported in the form of curry powder

and curry paste. Prominent exporting countries besides India

are Spain, Japan and Thailand.



Chilli crop is raised over 1.72 million hectares in
the world both for green and ripe dry chilli, producing
about 1.2 million tonnes. iMajor chilli growing countries
in the world are India, China, Korea and Pakistan. Highest
production per unit areabin Japan, followed by Italy and
Egypt. In India, it is grown throu”out the country in
almost all the states, oyer an area of 0.8 million hectares
with a production of 0.64 million tonnes of dry chilli,
iiearly 70 per cent of the total cultivated area lies in
Deccan Plateau. Andhra Pradesh tops in the production of
ary chilli. The production per unit area is higher in
iaidhra Pradesh, Tamil Nadu and Orissa because, the crop
is grown under irrigated condition. The major chilli grow-
ing districts in India are Dharwad, Ramanathpur, Tirunel-
veli, Nagpur, Tiruchinapalli, Nanded and Guntur (Anonymous,

1979).

Karnataka occupies third position in area under
chilli (1,38,655 ha; and is one of the four states in pro-
ducing maximum quantity' of dry chilli (43»816 tonnes)
(Anonymous, 1979). In area and production, among the
19 districts in Karnataka, Dharwad occupies first (53»957
ha and 12,896 tonnes) followed by Belgaum (14,196 ha and
6,417 tonnes;, Shimoga (12,376 ha and 4,926 tonnes),
Ghitradurga (9,626 ha and 3i215 tonnes), Mysore (8,217 ha
and 3,780 tonnes) and Gulbarga (6,069 ha and 1,135 tonnes).



Irrigated area under chilli in the State is about 24,850 ha.
Major irrigated area in Karnataka is found in the districts
of Belgaum (4,280 ha) followed by Bijapur (3,488 ha), Gul-

barga (2,273 ha) and Dakshina Kannada (2,625 ha).

Though the area under chilli in Karnataka is more, its
production is very low as compared to other states. Among
the various biotic and abiotic factors which affect the pro-
duction, virus diseases can be considered to be very import-
ant. A mosaic disease of chilli was first reported by
iMcRae (lini:3) and Kulkarni (19k:4) in the erstwhile Bombay
Province in India. Later, nine viruses causing mosaic
disease on chilli have been reported by several workers.
The most frequent symptoms produced by these viruses on
chilli are slight to severe mosaic, mottling, vein clearing,
vein banding, curling and marginal rolling of leaves, rat
tailing, small and filiform leaves, tiome viruses cause
chlorotic to necrotic lesions, shedding of leaves, reduced
number of flowers and fruits, and death of plaits. Farmers
call some syniptomes due to viruses etc. by different names
as Ghurda-murda, or Ghandiroga in Karnataka, where leaf

distortion and leaf reduction are prominent.

Considering the susceptible nature of the pisnt to a
large number of viruses on artificial inoculation many more
can be expected to be present in nature. Further, the

symptom picture differs with varieties, climatic factors



and the viruses involved. It is necessary to find out a
diagnostic key for a large number of chilli viruses. There
are some keys developed by earlier workers with limited
number of viruses. Therefore, studies on the chilli viruses
in major chilli growing areas in the state have been taken

up with the following objectives:

1, Asystematic survey for the incidence of mosaic
in major chilli growing districts like Dharwad,

Belgaum, Shimoga, Mysore and Gulbarga.

2. To identify and group the different viruses in-

volved in causing mosaic.

5. To develop a diagnostic key based on the re-
actions of differential hosts in comparison
with particle morphology, serology and trans-

mission .

4. To know the distribution of different viruses
involved, in different areas, cultivars and

in crops with different cultivation practices

5. To study the effect of the most prevalent and
severe virus isolates in Karnataka on different

chilli cultivars.

6. To study the epidemiology of the viruses in

relation to vectors and meteorological factors.



To study the nature of spread of an important

virus causing mosaic disease in field.

To find out the etiological agents involved

in Murda s™'ndrome.
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CHAPTER 11

REVIEW OF LITERATTIRE

The chilli plant is subject to the attack by a
large number of viruses in nature besides being susceptible
to artificial infection by many others. Scanning through
the literature one could notice as many as 42 viruses mecha-
nically or otherwise trananitted to Capsicum spp. Twenty two
of them are found to occur naturally and twenty viruses can
infect on artificial inoculation. If one takes virus strains

also into consideration the number will be much more.

Ramakrishnan (li"59 and 1361) described 18 different
viruses reported from all over the world to occur naturally
on chilli viz. alfalfa mosaic virvis, astej/ring spot virus,
beet curly top virus, cranberry false blossom virus, cucum-
ber mosaic virus, Indian chilli mosaic virus, Italian pepper
mosaic virus, pepper vein banding virus, pepper yellow leaf
virus, potato virus Y, Puerto Rican pepper mosaic virus,
Trinidad pepper vein banding virus, tobacco leaf curl virus,
tobacco etch virus, tobacco mosaic virus, tomato spotted
wilt virus, Trinidad pepper mosaic virus and potato virus-X.
Later, four other viruses viz., pepper veinal mottle virus
(Brunt and Kenten, 1971), tobacco rattle virus (Semancik,
1966), tobacco streak virus (Gracia and Feldman, 1974) and
tobacco ring spt virus (Prasad Rao, 1976) have been re-

ported .



There are 20 viruses which are only artificially
transmitted to chilli. Ramakrishnan (1961) listed 16
viruses which are artificially tranacitted to chilli.

These are Trinidad tomato twisted-leaf virus, Trinidad
tomato bronze leaf virus, Trinidad egg plant mosaic virus,
tomato yellow mosaic virus, tomato necrosis virus, tomato
bushy stunt virus, tomato ring spot virus, potato aucuba
mosaic virus, potato leaf roll virus, potato stunt virus,
sweet potato mosaic virus, radish stunt virus, carrot motley
dwarf virus, sunflower mosaic virus, ;yam mosaic virus and
broad bean vascular wilt virus. In addition, four other
viruses viz. pelargonium virus (Reinbert 2 , 1960),
strawberry virus (Reed and Felix, 1961), coconut wilt virus
(Shanta and Menon, 1961) and potato spindle tuber virus
(FSTV) (O'Brien and Raymer, 1964), have been reported. How
ever, PST7 is now established as a viroid and the nature of

cooonut wilt virus is not confirmatively established.

A mosaic disease of chilli was first reported in India
by McHae (1924) and Kulkarni (1924) from Bombay Province.
Later several viruses causing mosaic on chilli have been
reported by a number of workers from time to time (Jha and
Raychaudhuri, 1956; Ramakrishnan, 1961; Kandaswany et al.,
1963; Anjaneyaulu and Appa Rao, 1967; Jeyarajan and Rama-
krishnan, 1969; and Prasad Rao, 1976). Among the 22 viruses

reportea to occur naturally on chilli throughout the world.



only nine have been reported from Inaia viz., cucumber

mosaic virus (Angeneyulu and Appa Rao, 1967 ), tobacco leaf
curl virus (Husain, 1932; and Vasudeva, 1954), Indian chilli
mosaic virus (McRae, 1924; and Jha and Rayachaudhuri, 1956),
Irotato virus Y (Jeyarajan and Ramakrishn ai, 1961 and 1969;
and Joshi and Bhargava, 1962), Potato virus X (Ramakrishnan,
1959; and Rao e” , 1970) and tobacco mosaic virus (Kanda-
swamy ~ al_., 1963; Mathur, et al., 1966). Prasada Rao (1976)
reported tobacco ring spot virus, pepper veinal mottle virus
and pepper vein banding virus, naturally occurring on chilli.
Shukla and Shri Ram (1977 ) reported the mosaic due to complex

of CWAHTMV on C.frutescens and PW on G.annuum from Rajas-
than .

Areview of all the viruses which induce mosaic symp-
toms on chilli in India was made but literature on eight sap
transmissible viruses and other reports pertaining to the

present study is reviewed here.
1) Potato virus Y (pyY)

David and Stormer (1941) described the symptoms of PVY
on chilli and stated that it produced indefinite number of
flecks on the leaves and a slight swelling of the veins on
the larger expanded young leaves. Later entire leaf deve-
loped a dark green mottling with wavy margin. Jeyarajan and

Ramakrishnan (1969) reported PVY on chilli which produced



vein clearing, mosaic mottling and reduction in leaf size,
stunting and reduction in number of flower buds and fruits.
Ran ~ (iy?l) observed a veinal necrosis strain of PVY
on pepper characterized by extensive necrosis of leaf veins
and axial organs, accompanied by pimply, thickenea and
brittle leaves with mosaic patterns of varying intensity.
Mariappan * (2:~73J described a mosaic disease on chilli
caused by a strain of PVY characterized by severe leaf mosaic
and blistering. Lockhart and Fischer (1974) reported that
PVY in pepper caused severe systemic mottling of leaves and
fruit deformation, stunting and epinasty of the plait with
reduced fruit " setting. Osaki et al. (1975) reported that
the PVY isolated from Capsicum cultivars showed symptoms of
green vein banding, interveinal chlorosis or mottling on the
leaves and chlorotic stripes on the leaves, stems and fruits,
irasada Rao (1976) described the symptoms of PVY on chilli
as slight vein clearing of the expanding leaves seven to ten
days after inoculation followed by mosaic mottling. Later,
the leaves developed an irregular and discontinuous green
vein banding symptoms. The midrib and veins became wavy,
resulting in upward curling and crinkling. The plants were

stunted and flower formation was much reduced.

Costa and Alves (195") reported that PVY on chilli
was transmitted b" Myzus persicae (SulLz.), Macrosiphom

solanifolii (Ashm.; and two other unidentified aphids.
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Simons (1959) reported that M.persicae transmitted PVY in
pepper. Laird and Dickson (1963 ) found that potato virus Y
was trananitted from pepper by M.pegicae, Aphis gossypii Glov.,
M.solanifoli, Macrosiphom pisi Kalt. and Aphis spiraeoola
Patch. Jeyarajan and Ramakrishnan (1969) reported that only
A.gossypii transmitted PVY on chilli. Brunt and Kenten (1971)
reported that PVY on C. annuum and C.frutescens. in Ghana was
transmitted Igy M.persicae and A.gossypii. Giorda and Nome
(1975 ) found tht™t PVY on G.annuum was transmitted by Mwpersi-
cae. Mariappan et (1973) reported that PVY on G.annuum
was tranaaitted by A.gossypii# Aphis cracoiyora Koch, Aphis
nerii B.d.F and M.persicae. Lockhart and Fischer (1974) re-
ported that PVI on G.annuum was transmitted most frequently
by M.persicae. Irasad Kao (1976) reported that A.gossypii

and M.persicae were unablts to transmit PVY in chilli.

Kahn and Bartels (I':768) opined that "-6 potato”Solanum
demissum L. «ySolaium tuberosum L.,) acted as an indicator
plaat and Datura stramonium L. as immune to PVY. Jeyarajan
and Ramakrishnan (1969) reported that PVY on pepper had a
very limited host range. It produced symptoms only on
Glyricidia maculata L, I7icoti ana tab acum L. and Nicotian a
M'lutinosa L. It did not infect G.chinensis, L, Capsicum
chocoense, Capsicum pubescens and Chenopodium amaranticolor
Goste and Reyn'. Prasad Rao r(1976) reported that PVY on chilli

proauced systemic symptoms on Datura metal L.f Physalis



==

floridan a Rydbf Physalis peruviana L.,Petunia hyTjrida Vilm,
I"icandra ph.ysaloides Geartn, Solanum nigrum L., S.tuberosumt
M tobacum cv» "White Burley™, "Xanthi" and "Samsun icoti aia
rustioa L., Nicotiaia solanifolia Walpers, Nicotiana simulaas
BurBidge, Nicotiana sylvestris Speg. & Comes aid Hicotiana
Qcoidentalis Wheeler, and local lesions on -G.amarantlcolar*
Chenopodium quinoa Willd., Chenopedium album L., N.debneyi
Domin and detached leaves of 'Ag' potato.

Sakimura tI955) observed k that TTi on pepper had a ther-
mal inactivation point from 53 to 56®C, dilution end point from
| 1500 to 1x1000 and longevity in vitro for 48 to 72 hrs at 25 to
29“C and 66 to 82 days at 0 to 5“C. Jeyarajan sid Ramakrishnan
(1969) found tiiat PVY on chilli had a thermal inactivation point
from 50 to 55®C, dilution end point from ItIOOO and was active
in vitro for two days at room temperature aid also at 4®C.
Mariappan * (1973) reported that the PVY on chilli had
a thermal inactivation point of 55° dilution end point from
1:1000 to 1:2000 and was active in vitro for five to eight
hours between 23 and 2B°G* Lockhart and Fischer (1974) found
that PVY from pepper had a therraal inactivation point between
55 aid 60®C. Prasada Rao (1976) reported that PVY on chilli
had a thermal inactivation point from 55 to 60°C, dilution end
point between 1s500 and 1:1000, longevity ~ vitro for 16 hrs
at room temp erature.

Laird et (1964) reported that PVY consisted of
flexuous t rod shaped particles measuring 694 nm whereas
Purcifull et (1970) observed flexuous rods of PVY mea-

suring about 730 nm in length. Nelson and Wheeler (1972)
however, reported that the iirizona pepper virus, a strain



12

of PVY, consisted of flexuousrod shaped particles measur-
ing 72*. +22 nm in length. Prasada Rao (1976) reported the
presence of flexuous rod shaped particles of PVY measjiring

776 nm x 15 nm.

2. irepi.er vein banding virus (PVBY)

Simons (1:756) reported that PVI3V infecting chilli
produced the initial symptoms in seven to ten days after
inoculation which were of vein clearing, followed by a
characteristic vein banding on young leaves. Subsequently,
plants showed various t"pes of mosaic mottling and deforma-
tion of the leaves. Lopezcardet and Blanco (1972) reported
that PVBV on G.annuum showed stunted grov-th, deformed leaves
with chlorotic streaks, mosaic and dark green bands. Fruits
were anall and malformed. Prasad Rao (1:776) reported P7BV
on chilli which produced faint vein clearing on the young
leaves, eight to ten days after inoculation, followed by
dark green continuous vein banding, a characteristic symptom
of this virus. The plants were moderately stunted. Flower
xonnation and fruit setting were delayed. The fruits formed

by such plants were distorted.

Simons (1956; and Pxasau Rao (1976) found that
M.persicae aid A.gcss”pii were efficiant in transmitting

this virus.
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Simons (1956; reported that PVBT frorc pepper produced
systemij symptoms on Solanum Araoile L., Zinnia elegans» Jacq .t
Lycopersicon esculentun Mill., N.”lutinosat N.tabacum var.
Turkish and 1.peruviana. Prasad Rao (1°76) reported that
PVBV on chilli produced systemic syTaptoms on D.metel,
P»floridana, P.Peruviana, S.nigrum« M tabacum var. ’V/hite

B’irley' and ’Samsun', N.rustica and j}.solanlfolia.

Sicons ) reported that FVB7 on pepper had the
aiiution end point between 1:1,000 and 1:20,000, thermal in-
activation point of 607G and longevity if yitro of 10 to 15
cays at 270, Lopezcardet et £d. (1972) reported that the
FViiV on pepper had the thermal inactivation point from 72 to
71i“C, dilution end point of 1:1,100 and longevity in vitro
for 75 hrs. Prasada Rao (1976) observed that the P\TBV on
chilli having the dilution end point fron 1:5,000 to 1:10,000,
thermal inajtivation point between 55 and 60“C and longevity

in vitro of eight hours at 21 to 28°C.

Pr asaa Rao (.1"75) reported that electron micrograph of
purifieQ prerarations of FVBV consisted of flexuous rods mea-

suring 759 nm x 13 nm in size.
5. i1epper Veinal Lottie 7irus (PYtiV)

— Lana et al . (1975 >reported that PVIV on G.annuum pro-

auced inter vein al yellowing, mottling which occasionally
developed into vein banding. Leaves often developed dark

green spots. Fruiting in infected plants were reduced with
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evident distortion” xrasad Kao (1776 ) described PTI-IV on
chilli which produceU vein clearing and mosaic mottling after
inoculation, later, dark green patches developed on the

leaf lamina in an irregular fashion and subsequent leaves
were distorted. lhe oiiaracteristic symptoms of this dise”e
WeL cxtreae narrowin of the Ic.J® lamina as if only the
niidril; was present. The ~nternodal length of the plant

WS drasticc*lly reauv-eci "ivin®, the plant compact bushy

ai-pear aiHje. lruits were s”™all unci distorted.

A=N'ijis (1973 >reportea that this virus was trarjsEitted
by 'xoxoptera citricidus (/wir~caldy), A.gossypii and A.spirae-
cola. A cil. ~197~> showed thc.t was tjraii anit ted by
...cracciyora -jaa /..Rossycii. ISittcr (1973) showed that the

was transsdtted by X.persicae whereas Ixasad hao (1976)
founa t-iat ...persicae and A.MOss”™pii were able to transmit
IVhV.

NjiE o (197)5> fouiid that the was first transmitted
from G.frutescens to | .floridaua by aphids and subsequently
maintained bi mechanical st,p inoculation on | .floridana and
Ij.megalosiphan. The hosts were mainly solarjaceous plants,
irasad Hao ~1976} reported that PWI'i'/ had wuj extremely limited
host range infecting only i*.hybrica, S.ni*jrum aud Nicotian a
cleyelandii Gray belonging to solunaceae. It is systemic
in | .hycridu, i;.rusti-a, h.feilutinosa. .meaalosiphan.

M.physaloidaSt 1.floridana. but L.stramonium i“.esoulenturn,
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Solanum melongena L. and S.tuberosum were not infected by

mechanical inoculation (Brunt aad Kenten, 1971).

Lana et (1975) observed that PMW had thermal in-
activatioa point of 62°C, dilution end point from 1:1,000 to
1:1U,000 and longevity in the expressed sap was three days
at 20 to 25°C. Prasada Rao (1976) reported that the thermal
inactivation point of this virus was between 60 and 65°C, the
dilution end point was between 1:5,000 and 1:10,000 and lon-
gevity in. vitro was 24 hrs at 21 to 28°G.

Presence of flexuous rods measuring 735 nm x 14 nm of
IVM was observed under electron microscope by Lana e”
(1975) Prasad Rao (1976) reported that the purified pre-
paration of P/MV consisted of flexuous rod shaped particles

measuring 776 nm x 15 nm.

4- Tobacco Etch \firus (TEy)

Tobacco etch virus has been reported to cause a serious
disease of pepper in Georgia and AlabamaljGreenleaf, 1953 anfi
1:,56)» and in Gentrc*l Florida, USA,_X~nderson and Corbett,
1957;. The disease is called 'Vein banding Crinkle' in Central
FloriQE and is said to be the most widespread disease of

pepper in that state.

In Alabama several Tabasco variety pepper plants wilted
in the field because of this disease (Oreenleaf, 1953 )* The
first visible symptom following infection, in Tabasco pepper

WINMASTYO AR, v’ SafdHGeS*

UdMES 1
KK J'\G-L 1 >6
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was faint yellow fleoKing on the young leaves and vein clear-
ing in 4-21 days after inoculation accompanied by wilting of
the plants within a few days. Wailting was usually followed
by death but a few young plants showed partial recovery. Sudi
seedlings became severely defoliated tut maintained an apical
tuft of leaves ano jroduced new shoot growth bearing a few
fruits. lhese plants rextdned severely stunted. Many addi-
tional symptoms on pepxer produced by TL7 have been described
by jieiifcen (iy54;- Three or four days after inoculation chlo-
rotic spots appeared, which beoame rugose. The first evi-
aence of a systemic invasion by the virus was prominent vein
clet.ring of the youngest leaves, six to eight days after in-
oculation. The leave s became mildly chlorotic and showed pro-
minent to moderate cupping. Two or three weeks after inocu-
lation the youne; leaves showed prominent broad, dark green
bands along the veins particularly at the base of the leaves.
Sometimes there was a lamin al narrowing and marginal waviness.
wu>jh flagging of older leaves on infected plants was noticed.
I.here was severe root necrosis in ”~ounger plants and wilting
on hot da”s. Infected plants sOLetimes showed stunting and
bushy growth. On plants bearing frr;its at the tice of inocu-
lation, characteristic fruit symptoms of ring and line pattern
developed. On green fruits, chlorotic shrivelled areas were
found more on the side exposed to bright sun. On ripe or

ripening fruits various green, orange or brownish colours
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were found. Some plants, with prolonged infection, were
dwarfed or developed mishappen fruits. Weinbaum and Mil-
brathdescribed symptoms as mild mosaic, severe
fruit distortion and fruit discoloration in commercial
Capsicum crops. Several strains of TGV were reported to
occur ir. Ontario. All the strains -Droauced cryst-alline

intranuclear inclusions (McKeen, 1954).

Ihe Virus was easily sap transmissible. In Ontario
M.persicae is believea to be tne principal field vector
iwCiv-ten, [i?54>. /<Laira ana i/ickson (1963 ) reported the
tr arjSEiission of virus by rt.persicae, A.gossypii, M.solani-
folii, h.pisi ano “i.spiraecola. A.craccivora transmitted

the virus in ¢ persistant manner _"assf£iniE, 1944; and

herold, 1970;.

Anohnson (1930; reportea that infected C.frutescens
P.h”brida aid L.esculentum. holmes (1946) reported 83 plant
species among 310 tested as susceptible to T”~. It produced
yellow spots surrounded by single or double etched rings and
Gomphrena g-lobosa L. remained symptomless,(Greenleaf, 1953)*
The virus was rexorteu to occur on Solanum carolinense L.,
Oirsium vulfiare L., and C.album in nature in the field

AWeinbauilJi aid nilbrath, li:A76;. It induced a severe mosaic
and leal distortion symptoms on i;.stramonium. Cassia tora |

arid Z.ele.ans w”s”not susceptible. i3ut these plants were
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reported as hosts for TEV by, nolmes (1946). It has been

reported from India on brinjal ~Yerma and Lai, 1964).

-<fitter (1972) confirmed different naturally occurring
strains on tiie basis of reaction on D»stramonium. TEV
Caused severfc le<af distortion and UiOsaic pattern on

i/.stramotiium (Vilialan, Ib/75/e

Verma and Lai (1954") worked out physical properties
ox this virus in brinjal i.e., TIP=54-58°C, EEI=1j1,000 to
1;5,000 ana LI/=8 da”s. ,i>awden and Kassanis”™(1941) re-
portfcQ that the severe etch virus haa a Lii around 1:5,000,
Til of 58“C, ana LIV of 13 days, i-ierola (1970) reported TIP
of ThV as of

lierold (17°70) reporteo the length of TEV particles
as 754 nm. Weinbaum arjd Milbrath (1976) carried out the
pur ifi cution ana electron microscopy of the virus. A par-
tially purified preparation of Tj-V was obtained by combin-
ing ioljeth™lene Glycol precipitation of the virus follov;ed
bj/ equilibrium density gradient centrifugation. ivJegatively
staineo virus preparations obtained from infected pepper
leaves contained flexuous rods approximately 7'30 nm in
length. Villalon 71975/ also reported the size of the
virus particles of Ti.V as 730 nm. “randes and Wetter (1959)
classified TKV in the group showing flexuous rods measnring

ir poiO f m, - G-t . -
II'"&kr.t  pY
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730 nm in length. Purcifull (1966) found model length as

750 nm in purified preparation.

5. Tobacco mosclc virus (TMY]

As early as in 1925, Palm reported the trananission
01 tobaoco mosaic virus to Z.annuum snd J .frutescens in
Indonesia and Palm and Joachems (1924) reported this virus

on pepper from the sane country.

tour kinds of symptoms on different varieties of
pepper infectea with T4V were reported by HoLiies in 1937.
These were systemic chlorosis, local lesions on leaves and
their consequent shedding-, a dala™'td necrosis combined with
a si steuiic mostd ¢ mottling and systemic necrosiij with stem
streaking, which unoer certain conditions resulted in the
death of the plait, in inoculation tests on young seed-
lings, the Til/ isolates caused defoliation and necrosis.
jl<akata ana Takimoto (1940) reported a ring strain of TMWV on
pepper wnich produced bright yellow mottling on the leaves.
Kovachevsky described acute and chronic types of
symptoms aue to TW infection on pepper. Infected leaves
showed yellowing alon™ the veins six to seven days after
inoculation and in some cases shedding of leaves and death
of young plants occurred, Ghtjnberlain (1947 ) reported that

a strain of tomato streak virus infected pepper plants

causing mottlinj* and stunting. Murakishi (1960) reported a
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new strain of tobacco mosaic on Hangariai sweet pepper
which caused a slightly raised redaish brown streaks on
the fruit, i’letcher (1963) observed the synjptoms of

main vein necrosis of leaves followed quickly by leaf

loss of Capsicum frutescens infected with tobacco mosaic
virus, oreenleaf et (1964) reported a strain of TW
from Capsicum in xilabama and Florida which induced severe
systemic leaf mottling £nd crinkling symptoms in eight to
thirteen days after inoculation accompanied by primary and
secondary necrotic patterns and various degrees of necrosis
of upper stem. Farray and Ramakrishnan \,1969) reported
T'V on chilli, which ctiusea chlorosis of leaves. Adsuar

et (1971) reported a strain of T.IV, tentatively named
as virus producing local lesious on tobacco causing mottl-
ing, chlorosis, leaf wrinkling and retarded growth in
C«annuum. Ragozzino e;t (1972) reported two strain s of
IM on pepper. The tomato strain of tobajco mos-dc virus,
the more widespread of the two strains caused bright yellow
mos-dc, reduction in size of leaves, stem necrosis, defolia-
tion, stunting, deforatation and yellow spots on fruits and
the tobacco strain induced similar symptoms, with a light
interveinai mosaic. Kui-amra and Dubey (1975) isolated a strain
of Ti4V from chilli which produced typical mosaic mottling,
puckering, blistering and smailing of leaves. Prasad Rao

(197b; observea that a strain of TrlV prooucing necrotic
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lesions on the inoculated leaves of chilli two to three

days after inoculation. The d streak which appeared on
the stem extended further, killing the plant. The plants that
survived were pale with yellowish irregular patches on leaves,
flowering was del*yeQ and fruit setting was considerably
reduced, 'jhe fruits produced Igy such plants were dis-

torted aid mottled. On inoculation to young seedlings,

the isolates cauf«d defoliation and necrosis (Sutic

et 1978 J.

Transmission of a number of strains of TiiV by mecha-
nical sap inoculation from chilli was reported by several
woricers (Palm, ly25; holmes, 1937; Nakata and Takimoto,
1940; Doolittle and i3eecher, 1942; Kovachevsky, 1942; Kohler
and Panjan, 1944; (Jhiamberlain, 1947; Zabala and Bellecosta,
1947; McKinney, 1952; ?\lewton, 1953; Miller and Thornberry,
1758; i'iurakishi, 196u; Fletcher, 1963; Greenleaf, et al.,
1i?64; 3skarous, 1"Yly dsuar £t , 1971; ieldffl-ji and
Oremianer, 1972; and Ra”ozzino et , 1972;. McKinney
(1952/ reported a seed borne strain of TMV on a pepper

varie .0 .40252.

Greenleaf et an. (Ib"64J) reported that Samsun latent
TtV prouuced local lesions on iMt abacus var. samsun snd

xanthi, u»rusti ca, I>iicotiana repanda Willdrow, k«s"lvestri &
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N.glutinosai D.stramonium aiid Q»aniaranticolor while
L»esoulentuffi remained unaffected. In 1979»K«"amra snd

Lubey rei“orted symptoms on ti.tajoacum, .glutinosa and
i"drustic a and loj al lesions on E«metelt lhaseolus vulgari s I.
and G.amaranticolor . irasada Rao (ISi'76) reported a strain
of ™V oij chilli which produced chlorotic local lesions on
U.glo'bosa, 0.aiiicjanticolor, G.quinoa, C.albui! and Kicoti ana
lon~bidorffii wtiunrui®jr.., necrotic lesions on F.-\rjl/?aris var .
piiito, Ll.metelt ivstraiioul'jiflt rl.~Ldutinosa, Mrustioa and
I'jwependa and the oecrotic lesions followed by systemic
s"mptoiis in i\i.tabacum ‘'Xejrjthi'-nc, .solanifolia, M.simulans.
ij.sylvestris and r+debneyi and only systeoiic symptoios were

observed on j .floridana, P.Peruvian a> L.esculentum, N»physa-

loides, Solvinum nodiflorui:! Jacq., I'wtabacuin yar« ’V/hite
Jurlei'* und ’Jamsur.il.clevelandii and N.occidentali s
Whii'Mer.

wakata and Takimoto reported that ring spot

strain of Ivi/ had a thermal inactivation point of 90®C and
dilution end point of 1:10,0u,000. Zabala and Dellecosta
(1747~ described six strains of TWW on pepper, four strains
remained active even after exposiiire to a temperature of 80°C
for ten minutes while the other two were inactivated. In
195C, Miller and Thornberry reported tomato atypical mosaic
viruSf a strain of TW having dilution end point of

1:10,00,00,000 and thermal inactivation point of 72RC
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whereas, in Greenleaf et described a Samsun latent
TW which had a thermal inactivation point between 85 and 90@C
and dilution end point froui 10,00,000 to 1,00,00,000. Eskorous
(iy?1) described a leaf curling strain of TW of pepper which
was inactivated at 94®C and had a dilution end pointf more
than 10,00,000 and was infectious for 50-55 days at 23 to
28®C only, leprer unusual strain of T/iV had a thermal in-
activation point from 35 to iJO°u, dilution end point from
10,00,000 to 30,00,000 and longevity in-vitro of five years
at room temperature (Peldrjan o©4d Oremianer, 1972), A strain
oi MV on chilli had a dilution end j)Oint from 1:1,00,000 to
1s2,00,000, thermal inactivation point of 85°C and longevity
in-vitro of more thiaii two weeks ”~Kamra and Dubey, 1975).
irasada Kao (1976; reported a strain of TWV on chilli having
a dilution end point from 1:1,00,000 to 1:5,00,000, thermal
inactivation point between 90 and 95“C and longevity in-vitro
of thirteen weeks at 21-28“C. Sandhu and Chohan (1978) re-
ported anew strain of TWV which differed in its physical

properties from the other strains reported in India,

Miller and Thornberry U953) reported that the tomato
atypical mosaic virus, a strain of TMV, consisted of rod
shaped particles measuring 300 nm x 15 nm, Kairtwuaand Dubey
(1975; statea that the purifiea preparation of a strain of
TW from chilli consisted of rigid rodimeasuring 230 nm x

17 nm. Prasada Rao (I3i76) reported that the electron
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micrograph of a strain of TW from chilli showed rod

shaped particles measuring 500 nm x 15
6. iJucumbtr mosaic yirns (CMV,

AS early as 1921 Loolittle showea that the cucumber
mosaic virus could infect chilli plants. Uoolittle and
Walker (1925 and 1921?; described the s&mptoms 00 naturally

infectea chilli.

i.4any workers have described the symptoms on chilli
produced ty different strains of OW that occur naturally.
The description of i“mptoms that were reported to be pro-
duced ty a single vxrus or its strains on the same host
differed with different workers since several biotic and

abiotic factors might have influenced symptom production.

The young leaves of infected chilli plants diowed
downward curling along the midrib with the basal portion
of the leaves showing lighter fxeen colour than that at
the top, leading to mottling with”in a short period. Leaf-
size and internodal length were reduced and the leaves
were atnorE:iallj narrowed and drawn out into filiform
fashion. In a few oases, the fruits showed warty® dark

green outgrowth (Doolittle and Walker, 1923 and 1925).
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Wellman (1934a), identified southern celery mosaic
vir js, a strain of GMV, occnrring naturally on C«annuumc
causing stunted growth of the plants with greyish dull
colour markings on leaf lamina. Flowers dropped off and
plaits showed starved appearance. If the fruits set be-

fore infectiori, they wero malformed.

iCovachevsky (li/40 ana lji42} descriloea a "rosette
disease” ot pepper occuiring in Bulgaria, the symptoms be-
ing siiiiiiar to thosi describeu by Joolittle and \7alker
{1r2~j. Kovachev:~ki , however, observed certain additional
symptoms such as, distortion of the leaves which became
asymetricai aid the ui>pearance of neorotic patches on the
jfoung stems oi affected ~jlants. Those necrotic patches on
ycuiig stems appeared as wore or less elongated and linearly
Jrruriged, wnile on the older stems, the necrosis was super-
ficial ~id corky, . ‘'ihe fruit setting was sharply reduced

and a few thut were set being badly deformed diowLng necro-

tic streaks.

Doolittle .uid Zauiieirer vI957"53) described aringsrot
disease of pepper, caused by a str-.in of CMV. Large chlo-
rotic rings and oak leaf pattern aon older leaves and con-
centric yellow rings on the fruits were the striking symp-
toms on pepper. Systemically infected leaves developed pale

green, concentrically ringed spots measuring two to three nm
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in diameter. These spots coalesced and produced an intri-
cately mottled pattern. In later stages the leaves were

faintly mottled with light green flecks and were slightly

r*ii3.shai aa and more pointed.

In 1:767* ikjjaneyulu and Apia Rao descrited a mosaic
disease of chilli from India showing mosaic mottling and
various types of leaf distortion and filiform tip. The in-
fected plants showed marked stunting and severe reduction in

size of leaves aid warty swellings on fruits.

In 1976, Jrxasada Hao described a strainof GwWon

chilli where the symptoms produced res embled tho a; produced

by an isolate described hj’ Doolittle and Walker (1925).

Doolittle and Walker (1923 ) transmitted from

pepper to pepper by mechcmical sap inojulation. Similarly,
i;oolittlt and Zaumeyer CI:;"53) rejjorted a ring spot strain

of OW which was mechanj.cajly sap transmitted. However,
Kovachevskj (.1940) was unsuccesisf”11 in trans”iittby

sap inoculation. Several aphid species have been reported

to transmit this vj-rus. lovachevskj, (1940) reported that
M.persicae, could transuit the virus. Simons (1955) observed
that A.gossypii, M.persicae and /*phis rumicisLihn., as the

vectors of ChV in pepper. Iransraission of this virus
throug”i i4.persicae, Aphis nast”!rtii Kaltenback and A.cracci-

vora, was reported by Szalay Marzso and Solymossy (1963 ) and
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only through A.gossypii by Anjaneyulu and Appa Rao (1967).
trasada Rao (1976) reported A.gossypii and M«persicae as

vectors in chilli.

Wellmai (1954a) reported that southern celery mosaic,

a strain of isolate from pepper, infecteo Gommelina
nudiflora L., Goifliuelina conimunis L., Zinnia sp» and Vigna
sinensis (longer) oavi. Jha and Rajachaidhuri (1956) stated
that the virus was sap transais sihlt and produced systemic
symptoms on N.tabacum, K»Alutinosa> Solanurn nigrum L.,
Jj--hybrida, Gucumis melo L., var. Utilissimus, Safflower,
i).stramonium and potato. :jTijaneyYlu and Appa Rao "1967)
reported that the naturally occurfing GKV on chilli produced
systemic symptoms on K«tabacum. »M,3;lutinosa, S.nifruffi,
.floriduna, Gucumis sativus i,., G.melo, luffa acutangtala (L.)
iioxb., 'i.riohoaanthes an”uina L., anti Z.ele®ans. However, it
Aroaucfcu necrotic lesions on '/.ainensis und O0.amaranticolor
and chiorotic lesioiis on Beta vulgaris L. Lochart and llscher
N1976; recurdea Brassica nigra, /jnaranthus retroflexus L.

and aoiiie common weeds as the principal reservoirs of cfIv.

Irasada Rao (1976) reported a strain of GW producing

chiorotic loctl. lesions on G.agaranticolor aid necrotic local

lesions i V.sinen sis var. "Black Eye". It produced systemic
symptoms on G.sativus, .physaloides, 7inca rosea 1.,1 .flori-
dan -, S.nigrum, |Il..esculentum, ZMX»tsibacuB var. "Vhite Burley"

and "bsmsun", .glutinosa and D.stramonium.
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Wellicai (1935a) reported that southern celery mosaic
had a thermal inactivation point of aid a dilution end
point of 1:10,000 and was active in-vitro for six to eight
days at room temperature. Doolittle and Zaumeyer (1952)
reportea that the rin®i spot strain had a thermal inactiva-
tion point of 70-72°G" dilution end point of 1:10,000
ano the wvirus rcuiaj-ned active in-vitro for four days at 18°C.
Jha etiu i™ayachauQhuri ) statea that the virus was active
upto a teiaperature of 55°G and standard samples remained in-
fective even after fifteen aays in-vitro at 15 to 32“C. COW
on chilli reported by Anjaneyulu and Appa Rao (1967) had a

thermal death point of 55 to 60°G, dilution end point between

1:250 arid 1:500 and was active for twelve to eighteen hours
at 21 to 28°C and 36 hours3 at 10®C. Prasada Rao (1976) re-
ported that GW on chilli had a thermal inajtivation point
of 65 to 70“G, dilution end point of 1:10,000 to 1:50,000

and longevity in-vitro of 43 hours at 21 to 28®C.

Prasada Hao (1976j reported that the purified pre-
paration of a strain of GW on chilli had spherical parti-

cles measuring 28 nm in dieuneter.

7. Tobacco Ringspot 7irus (TRSVj

Prasada Rao U976; reported for the first time in
India, tobacco ring “~ot virus on Capsicum spp. producing

vein clearing on leaves of pepper, giving a net pattern
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followed by chlorotic rings, later showing mosaic mottling

c.nd narrowing ol leaves.

There are several reports about the transmission of
tobacco ring spot virus by -Nematode; Xiphinema americana
(c;obb; (iulton, 1962, 1967; Sauer, 1966); Aphids; M.persicae

Ne['10ss.VvT'ii  (vihyama nani 1969), M.persicae (Smith,
1951; cir.ith and 3rierly, 1955 but the virus studied by them
was different. It was not transEitted by any of the aphid
S]:eciiis tried by irasad;®. Rao (ly76).

ixccording to xrasada Rao (1976) the virus had a wide
hoet rangt of plant specics belonging to the families Gheno-
iOdiuceue, voispositae, Jucurbitaceae, Lsguminosae and Sola-
naceae. It produced local lesions on leaves of C.amr:”ranti-
color, G.quinoa and V.sinensis; systemic mottle on Z.eleA’ans,
G.sativu St C.melo, Cucurbita maxima Duch, Cassia occidenta-
lib ii., floridana, P.peruvianat S.jelonj®:ena, 1l.esculentum.
A.tabacum cvr. "Xanthi" and "bamsun"™ and n.rustica ae and
chlorotic rings on .tabacum cvr. "White Burley" and

L. str aiLOnium.

ihe Virus hi“o a thermal inactivation point between 60
and 65“0, dilution eiid point between 1:1G,G00 and 1:50,000
and longevity in vitro of 4b hours at 21-26° C (irasada Rao,
1976 > This resembles in some of its properties such as host
range, moae of transmission and physical properties of To-

bacco ring spot isolated from Solanum capgicastrum L., (Smith,
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1:A31)r Anemone coronaria L. (boilings, 1965), Gladiolus
(Randles and irancki, ly6p J and those reported by Shyama-
rani et , (iy69), Gilmer 7 (1970), McDaniel ™ al.
(1971).

lobacco riii;a spot virus frooi A.coronaria, Gladiolus
and brilljal piauts has been purified aid observed under
the eifactron microscope by several workers (Rollings, 1965;
i\aiidles arid xiranoici, 176'j; Jastry, 1974>. but there are no
reports 01 such puriiiCc*txon iaid isoxation of TRSif from
Capsicum spp. so far. jrasadt* xtao <lji76) also did not
succeed iu purification of /irjs froa chilli for electron-

microscopy.

8. 10aj>L0 3xO0tted \iit virus {TSWV)

AcRae (1952; reportod it for the first tine on tomato
in India. rtif-'Cial transiEisEion of this virus to pepper
has b-en reported by Smith (1932, 1936) and van Schreven (1935)
The lattt=r obs™rved that (eprer plants stopp ed £TCwth three

weeks after inoculation v;ith this virus.

The virus has been reported to ooour naturally on
peppers in Mexico Uiopcr, 1940), and U.S.A. (Jhupt'., 19375
KendriCiC, » » 1951)* This disease caused moderate to
heavy losses (iilendrick et al., 1951~ Pirone (1935) re-
porteu tiiat peppoi plants affected by this virus developed

large ring spots on fruits and leaves especially on the
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Galiforni a Wonder variety. The ring spots on pepper
closely resembled those produce(”n tomato by the same
virus. Ueedle prick inoculations on pepper pi aits pro-
duced aarK.ed dwarfing together with considerable mottl-
ing and slight delormation of the leaves. Chupp (1937)
reported thc.t in California there was a IOO* infection by
this Virus in 1936. However, in 1937 when the v/eather was
unusually wet ana warm during August there was no inci-

dence of the disease.

Sakimura 71940} reported TSW on bell pepper which
was transflitted by ihrips tabaci Lind. It produced con-
centric zonations on older leaves of bell pepper and mosaic
mottling on terminal youn® leaves with dense ooalescense of
small ringd, “ots and concentric rings. It was not found
to be seed borne. In wariaer valleys the earlier necrotic
symptOis are followed by stunting, mottline. £ind leaf dis-
tortion, while in cooler regions the necrosis niay kill the

plants (Gardner ana Whipple, 1934).

irittman vI927 ), Samuel et (1930) and Bald and
Samuel (1931" demonstrated that this virus in tornato was
transmittea by T.tabaci and Prankliniell a lycopersici ;jnd.,
axso by rubbing mtthou of mechanical inoculation with ex-
pressed plant juice. Best (1937) reported the transmission
oi thiS virus through T.tabaci, .fc'rankliniella insularis.

I'rani”linxella ocoiuentialxs Perg and F.moultoni Hood. A
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disease of peppers caused by this virus is called "Feste
blanca'* in Mexico. Ploper (1948} reported the transmission
and spread by f.paucispinosa and found that adults were unable

to becoiae infective, xjater it was reported to be trananitted

by T.tabaci in tom*ato (Todu ~ , 1975), by Frankliniella
schultzei Iribom. ana Gecirtothriios dorsalis Hood, in tomato
(Ohanek«r ~ f and by S.dorsalis in groundnut
(irasada Rao £t , 1:7dO:;.

it is not found to be seed transmitted in tomato, pepper
ana Liatura. i%y rucciu™- it was traijSEitted to tomato, Datura,
Potato, egg-plant, I-hysalis, Nicandra. K»*lutinos;> ,N.rustic a,
tobacco, petunia, lupine, broad bean, dahlia, aster, zinnia,
chrysantheuiura, cinerriaand lettuce (Gardner and Whipple, 1954).
Sakimura (1940 > tranan.ittod T3VV to spinach, broad bean,celery,
potato, evVg plant, bell pepper, tomato, tobacco, .glutinosa,
IDxstramonium,Petunia, chxjory, endive, lettuce, pineapple,pea,
and -jnilia from Japsioura. 3akimura yl940) concluded "that both
pineapple yellow spot and tomato spotted wilt were caused by
TSWA,

Accorain™ to Le (1964) T3WV had a TBF of 42-45“C, DG
of 1:10,000, aid LI'/ of 5 hrs at 20°)J. Frasada Rao et al«
U980) reported th.t TSW? g/n to ato had DEP of 10”7, TIP of
45 50"'G, and Lx'/ of 1-2 hrs at room temperature (10-28®C).

Le 71964; reported that TSWV consisted of spherical

shaped particL”s of about 70 nm in diameter, van Kammen e”
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(1966) observed triat some particles of TSW have tails
suggestive of those like bacteriophages. Irasada Rao
et al. (1980) woiKed on electron microscopy of TSW7 on
tomato atJQ founc that the diameter was 70-90 nm whose
morpholo™® rtseableQ with those reported by Milne (1970)
and ialiwal (1974;.
9* Attempts in identifying plarit viruses and virus
strains

rtinsworth (19:>5; identifiec three viruses of cucuniber

by using C.satiyn”;, Citrullus v”ilgaris Schrad. and Cticurbita

pepo B.C. He also used transn.ission and physical properties

in identifying the viruses.

i-iercfc oifftrentiated seven viruses of legtimes
by using ten differential host plants. ‘'insworth (1935/
different! atec seven plant viruses using seven differential
hostc. Certain physicojhenical properties of virus were

alao employed in identify, in,j these viruses.

On the bo,sis ol physijul properties and insect trans-
mission and electron mijroscopy, viruses infecting c?jcuir.bits
were divided into two groups (Lindberg et , 1956). On the
basis of differential reaotions of ten hosts, eight viruses

were identifiea in squash group and six in melon group.

Cohen and xutzany 1i,1963 > differentiated viruses

affecting cucurbits in Israel on the basis of differential
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reactions, insect transmission and physical properties.

Horvath (1969) developed a key for the differentia-
tion of Vi.ruses pathogenic to tobacco baaed on transmi-

ssion and differential host reactions.

Krylov (1969) recommended lycopersijon pimpinelll-
foliuni L. and hybrid A6 potato as indicator plants for
potato virus-A, Solanum rostratum 1., for potato virvs-S,
N.debneyi, G.globosa and y.sinensis for potato Virus M and
J»glutinosa» C.annuum and Solanum miniatum for potato

Virus F.

Seneviwtne cJ'*C|*70)identified plum decline virus,
plum line pattern virus and ring spot virus ftom plum-
trees based on symptoms produced on differential hosts.
Smitli <197”) reported five strains of ThY on Capsicum

based oa the reaction of pepper cultivars.

i4ilbrath (1971) differentiated and identified five

vir’jses on pepper, occurring in Hawaii, based on readtions

on eight selected indicator plants.

Zitter (1972) identified PVY and TKV, from pepper,
by their reaction on D.stramonium end Tabasco Pepper. TE7
infected .stramonium whereas PVi did not. TEV caused wilt

in Tabasco, whereas IVY caused mosaic mottles. He diffe-
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rentiateci strains of PVY (P\TY-G and PVY-S), and TE7 (TS7-D,
IEV-ivi and TLV-S) mainly based on the reaction of pepper
cultivars. Further studies revealed that tobacco etch
Virus C| tobacco etch Virus A potato Virus C and pepper
mottle virus were the comiaon viruses infecting pepper in
Jflorida (ii.itteri 1973 /* These viruses or strains were

identified by their reactions on selected pepptr cultivars.

Makkouk aiid Gumpf (1974) identified six viruses singly
or in combination infecting pepper in California by using
nine differentic.ls. Strtiinal differentiation of TEV was
based on resistant or susceptibl 3 reactions on pepper culti-
vars. Strainal differentiation of PVY was baseu on react-
iony on cultivars like Jhilli lolo Y, Casco-Dura, Avelar,
gronomico 8-76, ijabato, i11-342947 and Pl 264281. In addi-
tion to host differential reactions, serology was also

employea in identifying the viruses and th”ir strain s.

Gonti and "asenga (1977) identified different chilli
viruses in northwest Italy. They obtained the multiple virus
infections three to four times more frequent in market and
Kitchen gardens than in commercial either protected or
outdoor fields. The frequent components of multiple in-

fection were OW aid PVY.

i-rasada Rao and lajrguntaiah (1979) identified TRSY,
PVBV, PVMN, TMV, OW and PVY viruses from Capsicum plants
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in south India. They developed a dichotomous key using

five hosts to differentiate the above viruses.

10. Reaction of Cai™”um genotypes against viruses

The majority of garden pepper (C.frutescens) varie-
ties tested showed mottling to the typical TMV. A few
varieties (C. frutescens var. Tabasca and Capsicijim minimum L.)
resj.onaed with loctlized necrosis and these varieties were
immune to the severe systemic effects of TW infection
Uiolmes, 1954» 1937 /. Kovachevaky (1940) observed that the
topical sj/mttoms of "rosette” disease were observed on the
pepper varietal group known as ’Scipki’ (with small pointed
fruit). In other varieties, the crowding of branches and

leaves and the abnormal development of leaves were pro-

nounced.
Jha (1953reported that chilli varieties, NP 20 and
KI 23 were more resistant to chilli mosaic virus amohg the

52 varieties tested by him. In Alabaaa, Greenleaf (1953)
found tliat two varieties of Capsicum pendulum V/ild., P.1I.
152234 (Orange coloured fruit)and P.1.152235 (Red coloured
fruits), pepper varieties P.1.152217 and P.1.152221 from
Peru and the commerci al variety Serrano were tolerant to TE7.
The pepper varieties P.1.152222 from Peru and P.1.152453

from Brazil, Santanaka, Red chilli, Mexican chilli and
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Burlington were more severely affected. Capsicum micro-
car pum Gav* from /vrgentina was also severely affected by

IEy.

McKeen C1954; in Ontario classified the pepper
varieties he stuoied as mild symptom varieties aid severe
syraptOK varieties against chilli virus TEV. Cook and
\nderson {,133") reported a strain of C.annuum i.e., P.11
showing multiple virus resistance to THV, TKV and PVY.,
while the varieties California Wonder, Florida Giant,
Improved i;orld Beater and iolo Wander were susceptible.
ij:iand (1961; have screened 132 varieties of chilli
telonfcing to sxx aifierfcnt species. Varitlies luri Red,
luri orange, Kotioi ~rerum, Gy and a lo-al variety have been
reported to be resistant against chilli mosaic virus.
Cuitivi”®s, luri Ked, luri orange, G-2 and Kondi*verum are
known to be resistant to mosi®io bM artificit.1 inoculation
<.jnand et , libol; Singh, 197ij. Saccardo (1973 ) found
that eight lines out of 53 of C.annuum, ten lines out of
12 C.frutescens and one line of C«pendulum, C.microcarpum.
and C.chinense were resistant to GW and 13 lines of C.annuum
showed tolerance. Ramanujam * (1965) studied the in-

heritance of resiiitance in chilli. Ihey reported that "puri

fred as resistant to leaf mosaic.

i'letcher (1963; test-d pepper varieties against Ti-V

and reported tiiat Yolo Wonder and line TIl-ee had some resi&-
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tance. ilio resistance to Samsun latent strain of TMV was
found in 124 foreign C.accessious and in 17 commercial
varieties C”reenleaf et al®.» 1964)* Cook (1966 )reported
that iolo Y, a tell pepper derived from Yolo Wonder,showed
a high degree of resistance to IVY and TI-IM- Jeyarajai and

Ramakrishnan (1969j reported that, out of 22 varieties

tested 15 showed resistance against PVY.

Milbrath and Cook (1971) reported that in Hawalii
plants of 57 cv of pepper were susceptible to three iso-
lattis of spotted wilt virus. No resistance to spotted wilt
virus was found. i*agai (1971) reported tlie resistance of
new varieties, iigronomlco 9 and 10 to PVY, obtained by
multiple crossing between the C.annuum varieties, CaSCO
JDura, Mogi Das Cruzes, luerto Rico Wonder, Moura, lkedo,

Yolo Wonder, NOdestO eind 1.11.

Some perennial t“pes with small pungent fruits in
Xarai region of Uttar Iradesh were found to be immune to
viruses. St”™lections from crosses between this perennial
local t"pe and I4P-46A have been released under the names
iant C-l1, £«d Pant G-2 which were known to be resistant to
leaf curl virus (Mathai » 1971). Singh (1973) screened
105 different varieties and five species of chilli against
chilli mosaj-c under field conditions. The results indica-
ted that the varieties Puri Red, Puri Orange, G-2, Kondi-

verum and Suryamukhi were resistant.
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NP-45A, a well known commercial variety bred at
IARI, Hew Delhi, is mosaic resistant. Selection made from
JiP-46A X luri Red is known to be mosaic resistant and has
been releasea as ’Jwala’ in 1973 (Tewari aid Ramanujam,

1974; Tewari and Anand, 1977/,

mngs et (1977) screened 50 plant introductions
against beet curli' top virus out of which four showed
apparent resistance but none appeared resistant. Cook et al.
(ly77) reported that Detray Bell cve of G.annuum was found
to be resistant to pepper mottle virus, TEV and PVY. Gahukar
and wariani 71960) screened chilli plants against strains
of GW. Ihey found that a local unidentified variety hav-
ing small fruits of 1.8 cmto 2.5 cm length and 0.8 om dia-
meter, iari*ht red in colour and compact was found to be
immune to all the three strains of i\nd X-196 of
Gapsicum sp. and LC 51ii>2 were found to be tolerant to all
the threi; str*dnsof the virus. Singh and Th-kur (1980)
reported that out of 96 t“onotypes 17 were found to be

resist-..nt to G-iV.

11. i~ffect oi viruses on growth of Capsicum cultivars

Generally stunting is a common syndron.e in many
virus affected plants. There are several reports on the
reduction of ”~owth in plants due to virus infection

(Jeyarajan snd Ramkri shnan, 1961).
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Aillaud (1971) reported that C.annuum plants inocu-
lated with GW developed abnormal flowers in addition to

elassiCcil symptoms.

Villi:ilon studied the effect of tobacco etch
virus on growch and yield of bell pepper C.annunia *Yolo-
Woiiuer K* inoculateu with Th/ at weekly intervals for five
weeKs bfegiwunti with four weeks after seedling. Total yield
reuuotion ranged from 6-55 per cent™ fruits of inoculated

plants were not marketable and plants were not vigorous.

Imoto (1975) reported that the total jiield was seve-
rely reduced whoa the crop was infected during psrly growth

or If symptorns were seen at harvest.

Joshi and Lubey ~1976) noticed more nirater of stomata
per unit area in infectea chilli plants as compared to heal-
thy ones, thus allowing more water to pass out in diseased
plants. They have also reported that the growth of Capsicum
plants was affectea adversely by a roild and a severe strain
of GMV, particularly by the latter. Less moisture and oore
dry matter contents were found in diseased plants as com-

pared to nealthy plants (.Joshi and Dubey, 1977).

i.alitick ana lewari (1:A77) studied the effect of GW
on the productivity of C.annuuta caid reported tliat the gross

prduction rate arjd severxt,; of infection were inversely
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proportional. The gross production rate in infected leaves

was reduced by both mild and severe strains.

Marsh et (1977 ; studied the effect of on
Gapsicum and quoted report of Lamptey and Bonsi that
Capsicum plants inoculated with PiTiiV upto 8 weeks after
transplanting were stunted, sparsely branched arjd with
leaves greatly reduced in size. Plants inoculated eight
w.eks after transplanting developed tip blight but later
recovered temporarily-. Leaves produced after rc”covery were
reduced und showeu strong veinal mosaic symptoms. The time
taken for sistemic symitoras to appear increased with age
of the plant at the time of inoculation. Inoculated plants
proQuceQ more flowers than uninoculated, tut flower and
fruit abscission in infected plE«nts were higher, resulting
in lower fruit “roauctioij. Fruits produced by inoculated
plants were smaller, lie!:it r in weight, distorted and un-
evenly ripened. Ihis virus caused losses of 46-90 per cent

depending upon thv: ti*.e of inoculation (Marsh £t , 1977).

irasada Rao (1976) reported that when Capsicum plants
ware inoculatea with J'Y at varying intervals of 15-90 days
after sowing, the maximum effect was obtained with the
youngest plants which were severely stunted and produced no

yield, ilar.tt inoculated at 90 days showed, no effect.



I'lost of the cultivated varieties of chilli (Gapsicum
spiJ. ) in India are susceptible to chilli mosaic vims and
Tobacco leaf curl virus. The highly resistant Jwala (NP46-A
X Puri Red; gave significantly higher yield of dry fruits
than NP 46a in infected plots (Tewari and iuiand, 1777).

Deol and Rataul (1978) reported that SP 46-A showed that
plant age at inoculation was correlated with yield loss.
This ranged from 100 per cent in plants inoculated at 10-20
days to 1.1 per cent in tho a; inoculated at 120 diys. Singh
and Thakur 71930; reported that out of 96 genotypes of

G.aanuum onl® 17 were iou.id to be resist-Jit to CllIV.

Chauhan ano ~rivastava (1961) reported pollen steri-
lity, dehiscent and non-dehiscent anthers in plants inocu-

Icited with G-i/ at different growth stages of G.annuum.

12. LpidemiOi0& of plc«t viruses

According to kenneaj/ et (1962) out of the 247
plant virus diseases only 159 were stated to be transmitted
by aphids .jtlonging to 180 species. The real number of
potential vector' was expected to be much larger, sihce
onlj 9 per cert of the estlEateu total a.hid fauna has so
fiT been tested vith any virus (Kennedy at 1962).
harris and Harumoroach (1:A77) discussed in detail about
aphids as virus vectors. According to them at“hids are known

to transmit 164 viruses. Aphids form the largest group of
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insect vectors both because of the large number of species
(about 3™ involved anc the large number of viruses (about
200; that they could transmit. M»persicae alone is esti-
mated totransiTiit about 100 viruses while tnaiy others tran s-
aiit more than 37 viruses each. Some of the aphids, on the
contrary, ctn transmit only one virus each (MandslJiar, 1978).
Ji'or instaace 22 of the 62 known virus8s of solanaceae are
transmitted by aphids. Toxoptera aurantii B.d.F, Aphis fabae
Scop., A.fiossypii arid M.persicae are more polyphagus(Harris

and riaramorosch, 1977).

Ve have little detailed unaerst.xjding of stability
ano chaige in field populations of aphids but only certain
features of aphid popuii.tion dynamics have been revealed
ADixon, 1977 ;* i“xtraordinary wef.ther conditione, particu-
larly temperatures can have a marked effect on aphid numbers
than has previously teen appreciated, (qualitative changes
in apiiics induced by crowding appt;*s to be the most pro-
bable reyilatin® factor, .natural enemies caii influence the
rat.- cf buiic up of axhida aiid b* interacting with other
factors can shape the dynamics of certain aphid species

Ai>ixon, 1777

i'actors affeotirg movement of vectors are a complex
01 biotic arju physical factors, i’or the aphids, iiavies

(1135; demonstrateu viitdri controlled laboratory experiments,
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tnat hign humidities inhibited flight of M»persicae and
temperatures irom 70“ to were the most favourable.
Carter (1961; studied in detail ecological aspects of
aphids. Increase in relative humiditi® retarded the flight
activity, and chang;,s to a lower level injreased the acti-
vity, but aphids adjusted to humicities between 50 and 80
per cent ;ano flew readily at these humidities with tempe-
rature of aO'M'. nigh humidity and high temperature (90®F)
some times innibited flight. Lig”"it intensity between 100
and 1,000 ft.c. made little difference in flight, but below
that ft.c flight activit;y declined rapidly. Forty three,
twenty and eleven take off per minute of Breyicoryne brassi-
cae (i.) were observed with full sunshine, thin clouds ana
dense dotCds respectively (Garter, 1961). The lowest tempe-
rature at which any aphid was observed to take off was 15.5°C

(Swenson, 1968).

Flying aphids will land on any available plant regard-
1-SE, of speci s. Many aphids are attracted by yellow or
yellowiiii green colour (Moericke, 1950] and Muller, 1964).
Aphids are unable to distinguish host plants from non-hosts
bfefort landing (Muller, 1962;. host selection occurs after
arriving on plant surfaces (Swenson, 1968). The enormous
reproductive potential aid the behavioural patterns of aphids
endurt th,ir wide dispersal among populations of virus host

plants. The numbers arid distribution of plants infected with
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aphid borne viruses reflect the numbers and activity of
aphid vectors (Swenson, 1968 ). The intensely dispersive
type of host finding behaviour in K.persicae» A.fabae and
i3korassioae may be common among r”*hididae. It seems ideal
for the dissemination of non-persistent plant viruses, more
particularly among the less favoured host plants of each
aphid. Aphids repeatedly alighting, brief probing and re-
take off from hosts aid non-hosts is a common pattern among
migrant aphididae. Such an intensely dispersive pattern of
host finding is plainly wasteful of individual s most of which
die curing the process. But given enough individuals this
crude behaviour achieves a coverage of the available host
plants that i s notoriously efficient. It is a performance
typical of parasites; and aphids are parasitic. This fits
aphids for the general dissemination of non-persistent plait
viruses “Kenneay ~ ., 1959J* iolyphagous aphids are
better fitted than oligophagous aphids for the field spread
ol many different non-persist®nt viruses, becauL e the for-
mer have many moderate and border line hosts on which they

probe just enough for transmission (Kennedy ~ t 1959).

i>.fabae and h.brassi cae occurred in large proportion
in simultaneous coliec Lions of all aphids alighting and pro-

bing on and taking off from a host plant and a non-host and

behawed similarly when approaching and leaving them in the
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same condition. Most alights took off again from leaf of
both kinds within a few minutes (Kennedy et , 1950)*
Soffifc wingea aphids may at least probe before their first
fli_ht and that species may differ in this behaviour

(Swenson, 1968;.

The effectiveness of pesticide application depends
on the success of predicting the pest numbers in defining
an economic injury threshold and in timing the necessary
control measure. Rothamstea suction traps have been used
to ffiori.tor the tiiue oi alate aphid flight and the total

numbt®r of various “hids ~Zitter ana bimoos, lytsGj.

In the field, aphids avoid visiting the infected
plaits because of their stunting caused by virus infection
(Bald et » 1946;. The spread of beet yellows appears
to depend largely on the number of aphids which move from
plant to plcot within the crop, so that A.fabae which moves
infrequently from plant to plant, spreads yellows a little.
Spread of beet mosaic virus on the other hand depends on
movement of vectors from a nearby infected source, movement
from plant to plant cannot affect it because the feeding
periods are usjully too long. Therefore, in spreading
beet mosaic A.fabae is as effective as h.persicae. With
mosaic the most important factor is probably the number of

aphids from the infected source and A.fabae which often
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breeds in sufficient numbers to damage the seed crop gains
a numerical advantage which outweighs its inferiority as a
vector (Watson and Mealy, 1953 )* Aphid species rcigrating

to anc colorjizing lettuce plantings were sampled to assess
thtir importance in field spread of lettuce mosaic virus
under conaxtxons existing in wew iork State. Large number
of lettuce mosaic infeotea pi rjQts were detected only in late
August and September and this corresponded closely with peak
number of alate aphid populations captured in Moericke traps.
ix close correlation was found between incidence of diseased
plaits and peak number of alates of green peach ar)hid,
Mepersicae. Infected plants appeared in an apparent random
pattern. It is indicated that this disease was spread

chi:fly by the alate aphids (Gonzalez and Rawlins, 1969).

Zitter (1971) reported a virus disease of pepper in
south i"lorida cau aed by PVI aid TLV. Epidemic spread of
virus disease in 1970-71 followed early with massive in-

crease in aphid population, mainly M.persicae»

The rate at which a virus spreads between plants
varies widely according to the type of virus, crop, environ-
ment aiiu lijoue of transmission. In extreiue instances, large
plcd'itings becoflie aluiOst totally infected within a few weeks,

ily contrast, the spread of many viruses, among woody plsntfl
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is relatively slow. Some viruses spread solely from sources
outsi ce crop, there being no plant to plant spread within the
crop, at least diaring the first year. Other viruses spread
both into and within crops and newly infected plants soon
become foci for secondary spread (Thresh, 1974a/. He dis-
cussed in detail on temporal pattern of virus spread. The
cantsiloup plantings wer- almost totally infected with ‘Water
Melotj mosaic /iru3 2 b™ aii early and hejtvy influx of aphids
froia u naarcy source. By contrast there was little secondary
spread of leaf roll of potatoes when aphid infestations
occurred late in the season. Therefore most viruses spread
into and within crops and cause di gtases of the compound in-
terest type. However, such diseases seldom spread for long
in a manner closely anidogous with the logaritlimic increase
of capital at compound ratea of interest. V/ith virus diseases
the K total a/nount of infection (X) UEuall; increases in a
sigmoid manxier with tiiie (t) (Tnresh, 1974a). Thresh (1974b)
reportea that tiu earlj appearaice and rapid spread of non-
persistent viruses dapenaed upon the occurrence of local
sources of infection within tiie crop or nearby distribution
of such j”riaary infection determined the pattern of spread.
'Pools’ of iniecteu plari ts develop around foci within crops
whereas there are steep gradiorits of infection from outside

sources.
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initial phase of spread is truely logarithmic in
virus disease waen the number of new infections that appear
is directly proportional to the total infection already
present. Values of ’r’ i.e. rate of spread, are usually
greatest during early spread when there is a progressively
increasing number of infccted plants from which further
spread can occur and a corresponding decrease in the import-
ance of outside source. Spread is facilitated especially
in annuals by increase in plant size and also the number

and activiti' of vectors ~Thresh, iy'74a).

Adlerz (1J78) reported that the aphids transmitting
watermelon mosaic virus 2 within the field were detected
when infection in water melon reached 4 per cent. Final
mosaic incidence was 99 per cent. Of all the a”ids trapped
within the watermelon planting, 87 per cent were /\Duraphis
middletoni . a consi stent natural vector, i.e. secondary

spread of virus.

Deol and Rataul (1978) reported that in field tests
in India surrounding plots of transplanted Japsicum with
sunflower, sesame, sorghum or Pennisetum americanum (Linn.)
K.Scham., crops reduced GiiV incidence and increased yield.
Wellman (1955) studied the celery mosaic virus on squash,

pepper and celer®. Oomaelina nudiflora L., growing on the
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edge of the vegetable field was the principal weed host

and Mppersioae the important vector. The di sease appeared
initially on the edge of the pepper field near an infected
weed patch. After introduction into the field the disease
sjreads inwardly but did not necessarily extend to make a
fenshaped pattern, neither was there a frontier border nor
spread progressing in an unbroken line as wave would spread
(welliiiari, 1935)* -iaions (1957/ tested the effect of phy-
sical barriers on field spread of vein banding virus on
pepper. lUghtshade (;iolafl’yyjm ~racile) was the primary source
of th™ virus in tiv. fi-ild. It was observed that adistanje
of 150 feet between pli-nts could effectively limit the spi?ad
of the virus. The effect of placing a vertical physicel
barrier between the source of inoculum and the crop was
studiea. Use of tunflow”ir as a barrier plant resulted in a
significant oecrease in virus spread (Simons, 1957). Imoto
(1975) reported thcct earlier the transplantinf, the greater

was the total jifcld sine - the harvest period was then longer,
Total yield was reduced when the crop was infected during
early growth or if symptoms were seen at harvest. There-
fore aphids on Jai:sicum from "U-60 days after planting in
the etrly and from 3G-40 days after in the later transplant-

ing plots, diould be controlled.
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Ong et (1~79/ studied the spread of chilli veinal
mottle virus in Peninsular Malaysia. The disease catsed by
tne chilli veinal mottle virus is endemic and prevalent in
cill cultivars of G.annuum and C.frutescence grown in Penin-
sular iHalaysia. Studies there, showed that in order of
decreasing efficiency of tran acission, the vectors were
A.cracelvora, T.citricidust A.citricola v.d. Goot (Spiraecola
patch). A.gossypiit i«yersicae, Rhopalosiphum maidis (Fitch)
and steroneura setariae (Thomas). The alates of these
species were chiefly responsible for thfc field spread of the
virus, infecteo plants were most frequently found in rows
nearest to the previously infected driilli plants. Licited
data also indie .tyd a direct correlation between the numbers

of alates trapped ana the field incidence of the virus (Ong

Nyi-» 1y ?9).

DeffiSJl  (1:?79) studied the epideraiolog; of TEV of
Cai si cum. lie reported that an epidemic of ThV in Capsicum
developed more rapidly if the virjis source was Capsicum than
if it was Cassia obtusifoiia, a weed near the field. It seems
that this weea is a seconuary host to TIV i.e. the virjs moved
primarily from Capsicum tc C.obtusifolia rather than the latter

serving as a vin’s source CCemsici, 1979).

jaaird and Liokson (1963 ) reported that TEV and PVT

froiti southern California were trananitted by K.persicae.
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ANossypii, M.solanifolii, M«pisi and A.spiraecola. The

rapidity of the viruses' primary spread was not dependent
on vector numters, virus reservoir numbers or nearness to
fields, but apparently on certain intrinsic vector hatits.
Seoonuary spread was correlated with Mwperslcae population
on peppers 30 days previous to the medial date of maximum
disease increase. M.persicae is the important vector in

both priatary and secondary spread (Laird and Dickson, 1963).

Ossiannilsson (1966) reported that after probing or
after brief feeding attempts most recently emerged alates
take off again from both host and non-ho st plants and after
a short flight ali®t somewhere else on the same or another
plait, a behaviour which will clearly facilitate the “read
of stylet borne viruses. The oocurrenje and developnent of
insect transmitted viru *s in field depends on the appea-
rance and the build up of the vector pop?jlation in nature
(Danko aid Iraslicka, 1969; Uonzalez and Rawlins, 1969;
Srivastava et , 1971; and Zitter, 1971). Gonzalez and
Rawlins (1969) observed the relation of aphid population to
thfc field spread of lettuce mo”jaic virus in New York.
Macrosiphum euphorbiae Essig., was fbund to be predominant
species colonizing lettuce. Larger number of infected plants
were detected c*ily in later August and September, the time
at which the greatest number of alates were captured in

yellow Moericke water pan traps. Danko and Praslicka(1969)
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studied the occurrence of aphids particularly, M.persicae
and A.nasturtii and their importance as vectors of CW on
Capsicum and reported positive correlation between flight
of winged aphids observed before flowering of Capsicum

and the incidence of CMV. Mariappan et (1973) reported
that all the four species viz., A.”~oss”pii, A.cracciyora.
A.neri aid M.persicae were found to transmit PVY, but

A.fiOss;ypii was found to be most efficient.

Kemp and Iroup (1778) studied the epidemiology of
aphid transmitted virus disease of pepper in Niagara Penin-
sula. 'lhe/reporteci that the incidenje of non-persistent
viruses of capsicum at the end of August was closely corre-
lated Wxth accumulcited degree-days plus total bright sun-
shine hours in April. 7irus disease incidence agreed
closely with predictions from a simple regression equation
based on these weather factors for 1970-77. Risk years for
these diseases can be foreoafcted accurately for this region

in advtnce of spring planting (Kemp» aad lroup, 1978).

A significant correlation jan usually be demonstrated
between the number of winged aphids trapped and per cent of
virus infection for varieti® of crops and viruses (Heathcote,
1774; Cewijs, 1774; and Watson and Healy, 1953 ). Other
workers found that aphid numbers alone do not indicate the

likely incidvance of a particular virus. Plumb (1976) found
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that never more than 11.5 per cent of the annual catch

of any species transmitted BYDV and the produjction fluc-
tuated from week to week and between seasons in different
years. The particular species of aphids trapped rather

than total numbers may al 3D be a signific aat factor (Dickson
and Laird, 1959? and Broadbent, * , 1951). Other factors
considered important are the high potential and early migra-
tion associ sted with ajhid vectors (Gill, 1970), the direc-
tion of aphid migration (A.dlerz, 1978), and the long distance

flijghts of viruliferous aphids (Wallin and loonan, 1971).

Many workers have sighted aphid activity or flight
hebits as replacing ~hid numbers as the most important
lactor. This was expressed by Kennedy in 1950, and was
felt to be important in the spread of papaya ring spot
virus (Ishii, 197™;. h.persicae is widely associated with
virus spread aue to vector activity. The al ate of green
peach aphid is a ver® nervous insect, seldom remaining on
even a preferred host alter its initial flight. 'Xhis re-
stless nature was cited as contributing to the spread of
beet yellows virus in sugarbeet fields and to the spread
of lettuce mosaic virus (Di-kson and Laird, 1959). The
effectiveness of h.i“ersicae as a vector was cited as the
likely explanation for the spread of carrot thin leaf

virus (Zitter



55

van Hoof (1977) studied the infection pressure of
potato virus - YN in a crop of ware potatoes in the centre
of the Netherlands. The first infected tobacco plants
were found in mid May. The course of infection of the to-
bacco plants was not correlated with the flight of Mwpersicae,
which started towards the end of June. Aphid species other
than M.persic ae presumably were responsible for the infec-
tion observed early. R.padi (L.) and Acyrthosiphon pisum
(Harris) flew much earlier than M.persicae and were vectors
of (van Hoof, 1977). Beemster (1954) emphasized the
importance of aphids that start flying in May and June long
before mature plant resistance to viruses devviop. The in-
fection pressure of this non-persistently transmitted aphid-
borne virus i.fc. P/Y not onli' depends on the type and pre-
valence of its sources of infection, but alsD on its spread
from these sources. In loland, Gabriel (1961) found
A.nasturtii to be a much more important vector of PVY th ai
i-i.persicae. In contrast, Rasocha (1966) in (Szechoslovakia
noted a correlation between tlie occurrence of potato virus Y
in tobacco bait plants and the flight of I*persicae but not
that of A.nasturtii during 1962-64 in potato plots, van Hoof
(1979) studied the infection pressure of P7Y in plots with
beet, wheat and seed potatoes. No differences were found
either between IVY” infection in the border and Iliat in the

middle of a field planted with ware potatoes, although in-
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fection pressure was clearly higher here than in the plot
with seed potatoes. A barrier crop of 10 rows of wheat did
not deorease the infection pressure of the virus. In 1976
and in 1977 virus spread was detected before the flight of
ti.persicae ae determined with yellow Moericke traps. In-
fection pressure of PVI can be measured more effici aatly by

the tobacco test than by aphid trapping (van Koof, 1979).

15. .atioio™:..v of *Kurda* complex of chilli

mong the several pests snd diseases that occur on
chilli ‘'i"turda* is one of the serious maladies that hampers
the cultivation Cy reducing the yield considerably. Kul-
karni as back as in 1922 reported its prevalence in most
parts of erstwhile Bombay Presidency, complete failure of
the crop in itarcunati Valley, Bijapur, Gokak, Kollapur, Khed,

v'jialsand and iinaid.

*xMurda’ disease is callad by several names in diffe-
rent regions of India as Murda, Gaja, Macoda, and Mirya in
Deccan; Chandiroga, Muitagiroga or Murda in Karnataka;
Kakdva in Gujarat and Mudath or Korovi (Bunt fagget) in
Telangaia. The ultimate chief syKptoms of the malady is
curling of leaves, the lit;;;;eral meaning of the word *Murda’

(Puttarudraiah, 1959).



Several causes have been attributed to 'Murda' syn-
drome comprising of mites, thripSf aid viruses. In Sri
Lanka, leaf malformations was due to feeding of thrips and

mites (Park and Fernando, 1958; Johnpulle, 1939).

Leaf curl consiated of several types of manifesta-
tions viz., dark green mottling and crinkling as observed
in Spain; mosaic like as seen in Bulgaria and Malaya,;
mottling, stunting; and malformation of fruits as encoun-
tered in Puerto Rico; chlorosis along edges of apicd. leaves,
reduction to boat shaped as noticed in parts of Russia;
curling of leaf margin without roughened lamina, great
redaction of leaf size, vein clearing as observed in India,
iiri Lanka, southern /ifrica, USA and Brazil (Puttarudraiah,

1955 and 1959).

Involvement of thrips and mites in most cases, viruses
in rare cases is the cause of this malady in Karnataka as
reported by Puttarudraiah (1959 )¢ Though more than 9 viruses
have Dbeen reported to occur on chilli in nature from India
the relationship of these viruses to *murda’ syndrome was
not well established ex:;ept whitefly transmitted leaf curl
virus reported by Hussain (1932), Vasudeva (1954)t Mishra
et U963), Capoor (1967 ) and Dhanraj ei al_. (1968).
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Moghe (1971) investigated the causes of Churda Murda
(malformation) disease. Symptoms on C.annuum include curl-
ing, crinkling®” mottling and puckering of leaves. He opined
that in addition to thrips and mites infestation, sometimes
infection was accompanied by a virus serologically related

to CWV.

Recently Amin (1979) concluded that chilli leaf curl
s"mptoiBS i.e. 'churda murda* syndrome were produced by feed-

ing of thrips and mites and not by an infectious agent.

Mishra ~ al. (1963 ) observed t resistance in Furl
Red and iuri Orange to their isolate of leaf curl virus.
Carjoor (1967) also observed that no variety was resistant

to leaf curl virus.
14. Preservation and Storage of Ilant Viruses

Best and Gailus (1953 ) successfully preserved TSW
for 36 days by quick freezing of infected tissues. Best
(1961) lengthened the storage period of this virus by free-
zing and storin.i® the infected tissue at -69® C. Here the

containers of leaf bits were dipped into melted wax to seal
their tops and immediately transferred to a Dry lIce Storage
Box. This method surpasses all others for preservation of

T3VIV (Hci-Cinntf* and Silber, 1968). Dewijs and Bachmann (1979)
preserved PVI from red peppers for 2-4 years deep frozen

at -ISMC. Deep frozen inocuia at -ISMC showed in general



a loss of infeotivity within a month of storage compared

to fresh sap.

Lyophilization or rapid freeze drying in vacuum re-
ceived its greatest impetus from demands of World War II,
tut it still has not been widely used for the preservation
of plant vxruses. D”kstra and DuBug (1942) found potato
vein banding mosaic virus and potato Canada streak virus
highly active for at least 4 months, when plant juices were
extracted in an atmosphere of carbon-dioxide, lyophilized
and stored in sealeo glass tubes held at room temperature.
Hidaka and Tomaru ~1960; reported good retention of acti-
vity of QhV in lyophilized infected tobacco tissue even -
alter 14 months storage at 0-A"C. Timian and Klosterman
U962; reportea the storage of barley stripe mosaic virus
at -15“C in lyophilized expressed sap without loss of in-
fectivity for 12 months. Toler and Hebert (1964) reported
that lyophilizea extracts of oat mosaic virus stored at
-20" C were active even alter 254 days. Hollings and
Lelliott (1960; usea the centrifugal freeze drying method
to preserve 46 isolates of 39 viruses. All cultures except

potato virus A were active even after 4-11 months storage.

rollings and Stone (1970) reported that out of 75
only 57 viruses survived at least 1 year and 19 of them

over 10 years by lyophilizatioh. Serological activity of
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15 plant viruses were retained for extended periods in
freeze dried crude extracts from infected plant leaves
(turcifull et i 1975)e Richow ~ al. U976) reported

no loss of infectivity of two barley yellow dwarf Iso-
lates during four years storage of virus ccmicentration
Ilyophilized and stored at 4» -70 or -196®C. Hollings and
Stone (1970) reported that freeze dried sap of N.glutlno sa
that contained active PVY after more than 10 years of
storage at 4®C. According to Dewijs and Baohirann (1979)
freeze drying is superior thai deep freezing in PVY

which remained active for four years at 4°C.

A simple but effective means of preserving many
plait viruses'is by deh”arating the infected tisstje chemi-
cally near 18RC (McKinney, 1953; McKinney, et , 1965).
McKinney (1955 deserves credit for having developed a
simple method to retain the infectivity of sap transmi-
ssible virtjses after relatively rapid desiccation of
finely xk chopped pieces of infected leaves over CaCl® and
stored near freezing temperature. Chemical dehydration
of virus containing plant tissue, a virus preservation
method developed by McKinney ejt (1965) proved to be
as good or even better for the long terra preservation of
PVY and several other viruses (iios, 1969) than freeze
urying of clarifiea sap tut a decrease in infectivity

still occurred with PVY and other viruses. Bos (1969)
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published some sucessful results obtained in Netherlands
with a collection of 21 plant viruses in leaf material
dried and stored over CaCl2* According to McKinney (1953)
the weight of CaCl® diould be double the weight of water

in the leaf tissue to be dried.

Recently Bos and Benetti (1979) reporting the storage
of plant viruses in leaf material dried and stored over
CaGI™ suggested the use of the material directly for
electron miorosv-opy and serology. They observed thtit
most of the 43 viruses stored this way could easily to
be detected directly in 53 put of 66 leaf samples for

varying periods up to 20-| years.

Hagetti et (197 3showed that direct inoculation
with powdered dry material from leaves affected with ten

different viruses resulted in high infectious rates.



CHAPTER |11

MATERIAL AVD METHODS

Raising seedlings

Chilli cv« California Wonder plants were used in
all the experiments unless mentioned, which is hereafter
referred to as pepper or California Wonder. The seed-
lings were raised from the seeds in the seed pan end
transplanted at three to four leaf stage in polyethylene

bags filled with mixture of sail and manure.
Transmission Studies
a> Sap inoculation

1) Preparation of inoculum; Young leaves of pepper
showing typical good symptoms were collected, washed
thoroughly in running tap water and dried between the
folds of blotting paper. They were then macerated using
sterilized mortar and pestle using 1 ml of buffer per gram
of leaf tissue. The buffer consisted of 0.067 Mmono and
dibasic sodium phosphates with pH 7 containing O.5 per cgnt
sodium sulphite. The resultant pulp was squeezed through
double layers of muslin cloth and used as standard inoculum
for all inoculations and also for studying the properties

of the viruses.
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i 1; Method of inoculation: Celite (600 mesh) was
added to the inoculum at 0.025 g/ml as an abrasive. Hands
were washed thorou”ly with liquid oartolic soap. A small
piece of sterilized atsortent cotton wool soaked in the
extract was gentli? rubbed on the upper surface of the
leaves. The inoculated leaves were washed immediately
with a jet of distilled water using a squeeze bottle to
remo-\"* the excess of sap and the plants were kept under

observation.

bj Insect transmission

Five aphid species viz., Mpersicae, A.gossypii
Glov*, A cracciyora Koch« Rhopalosiphum maidis Fitch and
Hysteroneura setciriae Thomas were used for tranacission
studies. The healthy (virus free) colonies of aphid
species were first raised on their respective healthy
host plant species from which they were collected initially
(A«gossypii on Solanum nigrum, A.cracciyora on cowpea,
M.persicae on cabbage} R.maidis on maize and H.setariae on
ragi). Apterous aphids from these colonies were collected
separately in petri plates and were allowed to starve for
90 minutts and then they were liberated on virus infected
plants for twenty minutes to acquire the virus. These
aphids were transferred to healthy test plants to feed for

24 hours. They were then Kkilled by spraying 0.2 per cent
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Dimefhoate and the plants were kept under observation in

the glass house for 60 days. Two species of thrips viz.

Thrips tabaci from | tobacco and onion, and Scirtothrips

dorsalis from chilli were also used for transmission studies.

Ihe thrips included both adults and nymphs selected from

the healthy colonies and reared on their respectiT;e hosts.

Ihese were allowed to feed on young leaves showing the

s"mptoiiis for acquisition CS dtt'yis). For each inoculation,
nymphs per plant were allowed in each cage for 10 days

aiid killed with an insecticide.
c: Seed transmission

Seeds were collected from the fruits of virus in-
fected California Wonder plants, showing tj*pical symptoms,
and sown in seed parjs at the rate of 50 seeds po: pan, under
insect proof conditions. The total number of seeds germi-
nated was recorded ana the plants were kept under observa-
tion for two months. .t the sttne time leaf samples at four
aifierent stages, from these at two ttnd six to eight leaf,
flowering and after fruit formation were taken and were used

for inoculation to the indicator plants to detect the pre-

sence 01 virusw
Physical Properties
a) Dilution end ;”oint (PEP)

In oraer to deterjiiine the dilution end point of the
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representative isolates of each virus groups, a series of
dilutions oi the standard extract were prepared by add-
ing calculated volume of distilled water. The uniforni and
vigorously growing young California Wonder seedlings were
inoculated, starting from the highest dilution to the un-

diluted standaro extract.
b) Thermal Inactivation point CTIP)

The standard extract of the representative isolate
of ea’h virus group was prepared separately. Two ml of
the extract was transferred into thin walled test tubes
(1 cm diameter) of uniform size with a sterile 2 ml pipette
takin™i precaution to avoid the contact of the sap with the
intjer wall of the tubes, iilach test tube with the extract
was held in a water bath maintained at a particwlur tempe-
rature for 10 minutes, talcing care to see that the portion
of the tube containing the extract v,as completely immersed
in the water bath. ImtLedi atelj® after removing from the
water bath, the tubes were cooled by holding them in a
bearer containing ice coid water. The treated extract at
different temperatures were inoculated to e set of test

plants after adding celite along with an untreated extract

as control.



g) Longevity in vitro (LIV)

The standard extract of the representative isolate
of each virus groui. was transferred separately into small
test tubes and were stoppered to prevent evaporation of
moisture aiid stored at room temperature (21-26“C). Inocu-
lations were made on a series of test plants with the
stored extract iaaedlately after preparation and subse-
quently at different intervals of 1/2, 2, 4, 8, 16, 24%*
48, 72 hrii, 4 and 5 da”s. Those samples which exceeded
the maximum limit of time were storea further and inocu-

lated at an interval of seven days.

lurification by pol~eth”'lene gl.v-col
precipitation method

It is a ffiodifitni method adopted by i'ischer and
Lockhart (1976 a,b), Lima and i.elson (1975) aMd hollings
et al., (1963). Twtxitjffive to thirty grams of infected
leaves were mixed in an equal volume of phosphate buffer
(ph 7.2, 0.5 M) containing 0.2 per cent 2-Mercaptoethanol.
The homogenate was squeezed through a double leered muslin
do til and 8.5 per cent n-butanol added to the final volume.
Then, this mixture was kept over night at 4°C aid then sub-
jected to centrifugation at 3,0u0 rpm for 40 min. The re-
sultant pellet was Qiscctrdod. Four to ei®*it per cent PEG

(6,000 molecular weight) and four per cent sodium chloride
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were added to the resultant supernatant while stirring
constantly in cold for 30 to 40 min. Then this mixture
was centrifuged at 15»000 rom for 40 jnin. The result-
ing pellet was dissolved in 2 ml of 0.1 Mphosphate buffer
containing O.5 per cent sodiuui sulphite. This suspension
vms centrifugeo at 5000 rpm for 15 min.and the resultant
supernatant containing virus was used for electron micfos-

GOfy aid serology.

ii"leotron microscopy
a; i-untied preparation

The purified preparation of both healthy and diseased
leaves of Galifomia Wonder plants were sprayed "by means of
a nebulizer on the copper grids previously coated with 'tliin
collodion film. ITie grids when dried were shadow casted
with vaporised palladium on the specimen under vacuum. The
specimen grids were then observed with the Hitachi HU-1IE
electron microscope at various magnifications. The photo-
grj~hs of the virus particles were talcen and size of the

particles was calculated by the following formula:

Size of the particle in the
Actual size of a *“ electron microfrrar-h
parti-ie in * Magnification
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b) Dip preparation

Tvo per cent phosphotungstic acid was prepared
freshli® in distilled water and the pH adjusted to 6.5 by
using weak sodium hydroxide solution. A small drop of
the stain was placed on a carbon coated grid and the
freshly cut end of the infected piece of leaf tissue
dippea into it for 2-3 seconds. The excess stain was
drained off at the edge of the grid with the aid of filter
paper strip. lhe grids were then dried in a desiccator

for 20 min and observed nnder the electron microsoope.

Ihis studi' was tuken up to know the possible relation-
ship of the virus groups unaer stud® with the different
avuiiable standard antiser”™. The untisera useo were potato
virus Y , pepiei vein oandxng virus, pepi;er veinal mottle
virus, tobacoo motMaic virus, cucumber moscde Virus, tobacco
ring spot Vvirus, potato virus S, potato virus X, raspberry
ring spot virus, alfalfa mosaic virus and tobacco mosaic
virus-tomato strain. ..gar gel doulle diffusion test (Ouch-

terion”™', li?ub;, was followed for this study.

This test was performed in Petri dishes. The qgar
medium containing one per cent Difco special ”~ar,0.85 per-

cent sodium chloride and O.5 per cent sodium dodycyl sul-



phate buffered with 0.02 Mphosphate buffer was used. The
at-ar, sodium chloride, and sodium dodycyl sulphate in 100
ml buffer in a flask were heated in a water bath. The mol-
ten agar was allowed to jool to 45®G and then 0.025 per-
ce.:t souiuiK azi'*e was added while stirring. The wann agar
nieaiuin was poured into scratchiest, sterilized flat cottomed
i-etri dishes so as to form a thin layer of 5-4 nr, (15-20 ml
per plate;. V.hen the ruediun: solidified, wells were cut

by ineai'i s of a teiaplatc v;hich cuts one central well and six
peripheral wells at an equidiatarjce of 0.8 cm apart. The
bottoms .of these wells wexc; scaled b placing a auall drop
of xlic salLJti rr*ediUE bj Eeuis cf u capillary tube. The midale
WC..1 was filled with the antiscruic and the surrounding wells
with different antigeris, the viruses. Tlie Petri dishes were
iuoubated at 370 for two d.»ys. Obsoivations were made by
looking at tlie platet;; iixuninated froiii one side against a

dcjfk background.

iiurve.y and collection of chilli mosaic isolates

Ihe survey for chilli mosaic diseases and collection
of isolates were unuor taken in the following districts
after considering the total cultivated area under chilli
auring the last six years (Appendix I)(l%ig.l). Further,
survej/ was conducted in areas where chilli is cultivated

extensively within the district when the crop was between
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two and four month old. At village level, in the field,
every fifth field was selected to make the needed obser-
vations and oolleotions not taking into account the size
of the field. The survey and collection of isolates were

made in the following taluks of different districts in

Karnatska:

1) Dharwad district; Lharwad, Byadgi, Haveri, llirekerur,
iiubli and Kundagol.

2) Belgaum district: Bailhongal, Belgaum, Chikkodi,
Hukkeri an d Raibag.

3) Shimoga district: Channagiri, honnali , Shikaripur,
Shimoga and Sorab.

4) h>"sore district : heggadadevanakote, Kollegal, Mysore,
and Kanjangud.

5) Gulbarga district :Aland, Chincholi, Chitapnr and Sedam.

total of 122 fields in 28 villages were surveyed and

samples of isolates collected.

The survey was conducted with two objectives, firstly
to know the eoctent of incidence of mosaic irrespective of
any specific virus responsible and secondly to sample the
areas to assess the distribution of different viruses. So
in each of the field five lines were randomly selected and
total number of plants and number of plants “ovdng mosaic
and other associated symptoms, were counted and recorded to
calculate the percentage of diseased plants. Similarly,
disease incidence in irrigated and rainfed crops and also

in different chilli cultivars were recorded.



MATERIAL AND METHODS
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Simultaneously two plants, at random, in eaoh of
these five rows were selected to collect leaf samples.
From the selected plants, four to five young leaves show-
ing symptoms were removed with the help of a polyethylene
bag which was used for packing that sample in order to
avoid contamination in case the bare hands were used re-
peatedly. The bags containing leaf samples were sealed
by heating and placed in a thermos flask containing ice

The stiffiplts collected for five da™S were brought
to tne laboratoii tnd each isolate was inoculated to the
seedlings of C.annuum cvr. California V/onder and Byadgi.
inoculation and establish;i=ent of the viruses were done

under insect proof oonditioiis in the glasshouse.

Groupinr of the isolates

-.11 the isolates that were collected were inoculated
on to three pepper plants eaah of 3-4 weeks old. The deve-
lopment of symptoms by each isolate was carefully recorded
upto one fljonth after inoculation. The isolates were then

initially grouped based on the similarity of symptoms.

initial differentiation of isolates into virus groupa

Initially, differentiation of isolates into diffe-
rent groups of viruses was made by using differentials
reported earlier workers detailed in results. Further,

host range studies were made to know the susceptibility of



Fig* Vo«2, Oolleotion Idt for dlo«aa«d pluit ItaTta
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udQitiontil plant species if any to these viruses ultimately
to identify the other viruses which were not reported
earlier in India. Sixt® four species of plants belonging
to nine families were teated against the representative
isolates of each virus group. Minimum of five plants were
inojulcited in each species or cultivar. The observations
were made daily after inoculation upto 40 days. The plants
exhibiting the symptoms, after inoculation, were noted.
Those which did not exhibit the symptoms even 30 days after
inoculation were indexed back on healthy pepper plants to
know whether they were symptomless carriers.

1..ffect of severe isolate of the most prevalent
virus on Oapsicum Nenotypes

Ine uo st severe isolate of tht® virus was maintained
on jepper. hert also the aeedlingE of tii? ciltivars were
raised in seed pan. Four week old seedlings were trans-
planter inci.viduajll™ in pol®ethene bags containing five kg
manure-soil mixture. lhese seedlings were inoculated with
the stanaard extract of the virus isolate, lotallj five
seealinfs in each cultivar were inoculated and kept in the
glass-hcucie for further observation. Throughout the study
0.2~ Kelthane and 0.05fu. Bavistin were sprayed once in ten
to fifteen days on the plaiits to avoid mites and powdery
mildew. The plants which were not showing symptoms even

upto ten da™ s were reinoculated with the same virus isolate,
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iifinptoins and other observations were made on 5, 10, 15, 30,
45» 75 and 90 da”s after inoculation. Lastly, percentage
disease index w<as calculated based on the degree of leaf
malformation and size as presented in Fig.3. The ratings
Wire Dbasea on tne proportion of total leaf area reduced by

tne vxrus on individual plant by visual observe-tions :

0 = ilealthy

1 = 0O-30% Leaf area reduced
2 = 31-70 % - do-

3 ® 71 and above - do-

| er cent Disease Index (PJDI) was then obtained, by

uain™ tht. formula:

. ”_ISum of Iiln__d!vi_dual ra_t_ihnwg_g, 109»M_M.A...M -
tiii. - Total ijumber of leaves Llaxinium disease
observed category(3)

In addjitioij, othtr paruiieters viz*» fioii®ering time, height,
girth of stem, number of leaves, number, size and green and
dry weight of fruits et-., were analysed to identify the

resistant cultivars against the severe isolate.

1IPIDEMIOLOGY

I'opulation d.vnamios of different aphid species
and athid vectors on Hebbal farm

lo know the prevalence of different aphid species and

ai)hid vectors on the Hebbal farm during the year 1980-81, the



fig. Wo.3* 6r«d«» for reduction in l«af ar«a



Fig.3
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aphids were trapped throughout the year. In order to

trap the aphids, a f’jnnel trap was devised (Fig.4» 5)*
here, water was maintained in the yellow coloured funnel
mounted on a wooden pole at five feet height. The Funnel
was filled with water ana a few drops of formaldehyde aid
liguid soap to avoid microbial growth and to sink the
trapped aphids. Two such traps were planted at the loca-
tions on the furm. Throughout the year the water level
was maintained and jollections were made once in five days
ty dispensiflJg the trapped aphids through the rubber tub-
ing attachea to the stem of the funnel. The collections
were taiceu to the laboratory, the number of aphids were
counted under bitooculax microscope, separated and preserved
in 75” Alcohol. These aphids were further processed and
mounted on slides for identification as per the proce'*ure
given by Dr.Raichoudhuri. The details are presented in

the flow chart. ‘iter identific cction of the aphids collec-
ted at five day intervals during 1980-81, they were grouped
as total number of aphids, vectors of plant vir “see and
vectors of chilli viruses on Hebbal farm. The aphid species
which were most prevalent throughout the year and in highest
populiatxons were determined. At the same time the metepio-
logic al observi=itions i.e. average of five days intervals

corrtisijonding to the i”hid collection dates were calculated.



Yellow paint

Pinch cock

Rubber toting

rGround level

FIG.™. YELLOW FUNNEL TRAP FOR TAPPING APHIDS



yig. 90«5« Fuantl trsp «r«ot™ in the field



Fig.5
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Plow Chart - trocedure for processing and mounting
of aphids for identification

Steps Procedure
I Aphids stored Transferred to 85 per cent alcohol,
in 75a alcohol boiled for 5-10 minutes aid alco-

hol decanted.

I iidded 10 per cent potassium hy-
droxide solution, boiled till
speciEens appeared soir.e what
transparent and the solution
decanted.

111 iiinsed in 95 per cent Ethyl alco-
hol.

Heated in chlorCal phenol for
2 min .

ilaced the aphids on a glass slide

in the mounting mediuin i.e. GWM
CiiLORAL streched and placed a
coverslip.

VI iirited the slides in ari oven till
the peripheral mountant got dried

Mote; jfor boiliiig the aphids water bath was used

1 Qb GiOHAL Chloral hydrate - 20.0 g
Powdered gum arabica - 12.0 ¢
Gljctrine . - 6.25 g
Distilled water - 20.00 ml

2 Chloral Thenol Saturated solution of chloral

hydrate in distilled liquid
phenol.
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Correlation between total number of aphids, total number
of plant virus vectors and chilli virus vectors snd some
important aphid vectors individually with different meteclo-

loNi-cal data was also worked out.

B. Infection pressure of different GaEsic”

viruses on hebbal farm during 197~i981

This study was made to know the occurrence of diffe-

rent vxrusfcs during different periods of the year. Most
susceptible California Wonder plants v/ere used as baits
throughout the year. Seedlings raised in the glasshouse
were later transplanted in polyethylene bags containing
3UJ g of soil-manure mixture. Each bag contained only
one seedling, a set of hundred plants were exposed for a
month in the field away from the known hosts of majority
of viruses. These plants were observed for the symptoms
once in five d”ys and the ones showing the symptoms were
shifted to glass house for identification of the viruses
responsible. At the end of each month all the plants
irrespective of those showing symptoms or not were taken
to thfc glass house. Before that, seedlings v/ere sprayed
with U.2 per cent, Dimethoate, to kill the insects if
present. Plants were manured and irrigated regularly.
finul identification of viruses was made based on the re-

action of indicator plants snd serology.
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Further, to find out the relation between aphid
population and infection pressijre of different viruses,
correlation was made with different ajhid species. To
forecast the incidence of chilli viruses in a locality,
the si~ificance of infection pressure coapared to popu-

lation dyntimics of aphids was studied.

G. Mature of spread of the most severe Capsicum
virus (PViW; in the field

Healthy seedlingi™f Byadgiifaddi, a oonunercial chilli
cultivar, were raised in seed pan in the glass house. When
they were one month old they were transplanted in the field
in four plots, each having 100 seedlings planted in ten
rows. Spacing between the plants in each row maintained
was 1.5" and between rows 2.5°* This experiment occupied

an ar>"a of 59* x 59' with the individual plot size of
157 X 25"« |lhe field was manured at the rate of 25 tonnes
of riM per hectare before plaiiting, in addition to normal
fertilisser application. Along the borders of each plot and
around the experimental area three rows of Jowar (CSH-5)
and three rows of sunhemp were grovjn as barrier crops to
avoid the direct alighting of the alate aphids (Fig.6).
This type of lay out reduced the movement of a?)hids from
plot to plot also. The border, barrier, crop was regu-

larly sprayed with an insecticide. In the centre of the
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plot one 50 day old ohilli plant inoculated with PMWV show-
ing symptom was planted, with ten apterous aphids of M.per-

sicae. This plait served as infector plant.

The whole experiment was repeated four times in the
Near by taicing four crops of three months duration each
during 1980-81 viz., I.from 2-3-1i*O to 31-5-1980, Il. from
1-6-1980 to 30-8-1980, II1l. from 1-9-1980 to 27-11-1980
and IV. from 1-12-1980 to 1-3-1981. During eajh crop
period ten alate.. aphids on the plants collected at random
from the plants were identified to know the most prevalent
chilli aphids on the farm. Once in five days, starting from
five days after the planting of infector plant in the centre
of the plot, diseased plants were counted and percentage
of diseasea plants was calculated. Rats of increase of
disease incidence was calculated once in five days by using

the formula of van der Plank (1!:"63).

wnere r toeing rate of increase of disease per day and Ug
and u”™ are the diseased plants at tg and t" time respec-

tively.
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Diseased plants were marked as soon as they were
identified aid records were also made of neighbO’aring
pluits whijh were treated as infeotor plants later. Once
in five days the health ofevery plant along the row was
recorded and the method of van derPlank (1946) for esti-
mating the number of random group of adjacent diseased
plants was usea to indicate whether or not there was spread
from plant to plant with in the crop. In order to find out
whether the pattern of spread of virus at different inter-

vals was internal or external, van der Flank's formula,

1- « 1 , where P is the nuiater of pairs to "be expec-
tea, u is total number of diseased plants exaaxned in a

row, and n is total number of plants examined in a row,was

used.

i ) x"ffect of pyiiV infection, on chilli at
different ages of growth

urinM: tho spread of ivwV in the field the plants
were tagged as soon as theinitial symptoms were noticed.
Plaits, infected when the™ were 40-45, 70-75 and 90- days
old, were selected and tagged. At the end of the experi-
ment, hei(~t, girth of the stem, numbtr of leaves, number,
size, and green and drj' weight of fruits of five plants
selected at randoa in each category were recorded and

an alysed.
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ii) Assessment of losses in B.vadgiltaddl cultivar due

to development of epidemic of PTMY from a single

infector plant

(Jhilli cultivar, Byadgikaddi seedlings of one month

old were plantea in four plots having 100 plants each. Two
of these plots servea as control without the infector plait
(lig»6). Ihi s experimo:it was repeated four tiroes as stated
earlier. This was studied to know how much loss would be
incurred in a plot of 100 plants with one infector, plant
in the centre of the field d?jring three month period. At
the end of each crop period total green weight of chilli

fruits were recordea and analysed statistically.

Atiolofi.v ol “Murda” idalad.v of chilli in K-arnataka

Murda is aa important disease of chilli in Karnataka,
io know the different causal entities and their distribution,
a survey and collection of samples were made along with the
collection of chilli mosaic isolates. Collection and record
of incidence oi disease were made as discussed earlier. The
isolates collected from tne fields in the five districts were
sap inoculated to California Wonder plants. Viruses were
identified based on reaction of indicator plants, serology
and electron microscopy, nach virus group inoculated to one
month old seedlings of California Wonder and Byad”~gikaddicvrs.
The “~mptoics developed on these plants were compared vfith

the field s™m tans with particular reference to Murda syndrome.
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There are several reports, stating that mites and
thrips also cause murda s*"Tnptoms. Therefore to produce the
syndrome artificially in the glass house, by thrips and
mites individually, California V/onder and Dyadgikaddi seed-
lings were raised and were enclosed with thrips, Scirtothrips
dorsalis Hood and mites Pol:/phagotarsonemus latus (Banks)
collectea from haalthy colonies in the cages (Fig.7 & 8).
i"aily observations were made for the developmont of ’Murda’

symptoms in the glass house on these plants.

irreservatj-on and s tora; e of Gapsicua viruses

Many scitrilists have worked on different metiiods of
treserVcitxon arid storage of plant viruses. To find out the
bcst methoa of preservation and storage of chilli viruses,
the following itethods w”re compared. (A) Young in-
fected leaves of California wonder chowing typical symptoms
Wort washed and deep freezed at -20°C; (B) otanuard extract
in phosphate buffer was deep freezed at -20"G; (C) Standard
extract of young infected leaves of California Wonder in
phosphate buffer transferred to glass ampules at the rate of
2 ml per each was lyophilized with the help of 2idwards
Centrifugal freeze drier, KF-6 model; (D) Bits of young
infected leaves of California i.onaer were dehydrated over
Calcium Chloride and packed in gelatin capsules contain-

ing calcium chloride crystals and coated with nail polish.



Fig. Ho.7. Gag# ua«4 to study damage du« to thrlpa

Fig. Ho,8. Plastie eaga usad to atudy tha danaga dua to

1itaa and alao to cultura apbida



Fig. 8
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These capsules were stored in bottles containing Calcium
Chloride. The bottles were then kept at freezing tempe-
rature throughout the s tudy (Pig.9). Care was t"en to
avoid contact of leaf tissue with calcium chloride by

separating than with the use of cotton wool.

Infectivity of each sample stored h< these methods
was assayed on 15, 30, 45, 60, 120, 180, 300 and 450 days
of stora e by inoculating to one month old seedlings of
vjalifornia Wonder. ler cent retention of infectivity over
a period of tiu:e, of each virus using all the above methods

of storage was worked out.



?lg«<Ho0«9. Al (a.«88 anpults eontaining lyophllised sap of chilli
leaTes aff«ot«d with TizaaM

Bt Galatin oap«”™«« oontaining dahydrat«d tissuea of
ehiiii laaTta affaeted with TirasM
C«it>Ai Op««d oapaula showing th« dahjdratad
tisMt® ootton wool and 0aCl2 ozystals






EXPERIMENTAL RESULTS



CHAPTER 1V

IXPERIMXiWTJi  RESULTS

1) Surve.v« Collection and EstaTalighment of Chilli
mosaic virus isolates

The survey was conducted to estimate the distri-
bution of chilli mosaic disease and to collect the chilli
mosaic isolates in the districts of Dharwad, Belgaum,
Shimoga, Mysore and Guitarga, Atotal of 122 fields
distributed in 28 villages where chilli is grown exten-
sively were visited and a total of I1JOO isolates were
collected, of which, 367, 271» 256, 208 and 198 isolates

were from Dharwad, Belgaum, Shimoga, Mysore and Gulbarga

districts respectively.

The results of the disease incidence is presented
in the Table 1. The disease incidence in all the districts
surveyed ranged from 11.8 per cent to 94.8 per cent with
an average of 53*0 per cent. The asrerage incidence of
mosaic in each district when compared, it can be seen that
the lowest incidence was 40.62 per cent in Shimoga dis-
trict followed by 43*43 per cent in Dharwad, 53*77 per cent
in Belgaum, 62.24 per cent in Mysore and 64*99 per cent in
Gulbarga distri-ts (Fig. 10).

At taluk level, the lowest average Incidence was
32.4 per cent in Hubll taluk followed by Kundagol (38.52
per centj, Hirekerur (40.76 per cent), Dharwad (43,04 per-



Table 1: Inciaence of chilli mosaic in the farmers'
fields in different districts in Karnataka

SI. Name of the Total No. Per cent inciden c*
0. District of fields

surveyed Aver age Range
1 Dhaxwad 31 43.43 11.8-73.6
2 Belgaum 26 53.77 34.0-80.8
3 ithimoga 25 40.62 16.4-66.2
4 Mysore 20 62.24 35.0-74.6
5  Gultijrga 20 64.99 31.4-94.8

122 Average

of :53.0 11.8-94.8
state
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cent), iriaveri (53«2 per cent) and Byadgi (54*84 per cent).
In district of Belgaum the lowest average incidence was
49.28 per cent in Belgaum taluk followed by Chikkodi (50.43
per cent), Raibag (55*62 per cent), Bailhongal (56.68 per-
cent), and Hukkeri (57*44 per cent). In Shimoga district
the lowest average incidence was 34*9 per cent in Shikaripur
followed lay Channagiri (40*08 per cent), Shimoga (40.5 per-
cent), Honnalli (41*15 per cent) and Soraba (45*16 per cent).
The lowest average incidence in Mysore district was 53*72
per cent in Kollegal taluk followed by Nanjangud (54*88 per-
cent;, Mysore (61.92 per cent) and Heggadadevanakote (66*0
per cent>. Chincholi taluk in Gulbarga district showed the
least average incidence of 44.64 per cent followed by Sedam
(62.28 per cent), Aland (68*96 per cent), and Ghitapur
(84*08 per cent (Table 2).

a) Incidence of Mosaic disease in rainfed and
irrigated crop
The results are given in Tables 3 and 4 Among all
the taluks in the five districts surveyed, the lowest in-
cidence observed to be was 32.4 per cent in Hubli taluk of
Lharwad district and highest was 84.08 per cent in Ghitapur
taluk of Gulbarga district.

In irrigated areas, least incidence was observed to

be of 49.6 per cent in Hukkeri taluk of Belgaum district end



Table 2:
of commercial
61,
O Taluks
1 Byadgi
2 Dharwad
5 Haveri
4 riirekerur
5 hubli
b Kund egol
1 Lailhongal
2 Belgaum
3  Ghikkodi
4 Hukkeri
5 Kaibag
]
1 Ghannagiri
2 xionnali
5 Shikaripnr
4  Shimoga
5 Sor aba
1 heggadadeVana-
kote
2 iColxegal
3 Mysor e
4 ati j angud
1 Aland
2 Ghincholi
3  Ghitapur
4  Sedam

Incidence of chilli
chilli

in different taluks

Total

J J.w u

mosaic

ier cent incidence

Total i”o.

of fields

surveyed

I,ij juh/'HWad
5 54 .84
5 43.04
5 53.20
5 40.76
6 32.40
5 38.52
31 43.43

(2 DhLGMIM
5 56.68
5 49.28
6 50.43
5 57.44
5 55.62
2G 53.77

C3) SHIMOG!i
5 40.08
5 41.15
5 34.90
5 40.50
5 45.16
o 40.62

(4; MYSORL
5 66.00
5 53.72
5 61.92
5 54.88
U 62.24
(5> GHLB/iiGA
5 68.96
5 44.64
5 84.08
5 62.28
20 64.99
172 54.18
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Table 3* Incidence of chilli
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mosaic in rainfed crop

Per cent incidence

Aver age

43.04
38.52
40.76
54.84
53.20
3M.40

57.44
56.68

41.15
34.90

45.16
36.30
40.50
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63.83

84.08
44.64

62.28
66.70

50.13

11.8
32.0
34.0
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No.
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Average

BKLGAUK

49.60
55.61
49.32

SirilMOGA

55.20

ivrisoRE

53.72
52.90

63.00

67.60
GTLBKGA

7b. 00

lable 4i Inciderue of chilli
crops
Niagie of  10tal No.
taluks of fields
surveyed
U;
iiukkeri 2
Raibcig 5
Bel gaum 5
(2]
ohannagir i 1
(3;
Kollegal 5
ilanjangud 3
I'lI"sore 3
heggadadevana-
kote 1
(4)
~dand 1
, iCi 26

58.33

mosaic in

8¢

irrigated!

cent incidence

Range
49.2 - 50.0
38.8 - 68.2
34.0 - 80.8

55.2
35.0 - 68.0
50.2 - 60.0
47.0 74.6

87.6

78.0
34.0 - 80.8
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highest of 78.0 per cent in Aland taluk of Gulbarga dis-
trict. Qo an average, chilli mosaic incidence was lower

in rainfed crop (50*15 per cent) than that in irrigated
crop (5S.35 per cent).

b) Incidence of mosaic disease in different cultivars

In the course of survey, field selection was ran-
domly made irrespective of varieties cultivated. Thus,
the number of fields visited under different varieties
varied and represented the extent of cultivated area under
each variety. The number of fields, average incidence and
range of incidence and general symptoms of chilli mosaic
in the fields are presented in Table 5. The survey indi-
cated that Byadgikaddi occupies maximum area under culti-
vation followed by Sankeshwar, Jhincholi, Channagiri,
Nyaiuati und Byadgi Dabbi, occupying comparatively larger
areas. Among these, the least average incidence was
observed in iiyamati accounting 35»71 per cent and maximum
average incidence of 64.36 per cent observed in Chincholi.
\mong all the varieties irrespective of number of fields
surveyed, the least incidence was noticed in the variety

Kasigai to the extent of 26.9 per cent.
c> Collection and establishuifrnt of virus isolates

In axl 1300 isolates showing mosaic and associated

symptoms, collected and numbered, were sap inoculated on
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on Capsicum annuum cv. California Wonder. The results are
given in the Table 6. Out of these, 80.46 per cent of the
isolates were su”cessfullji transmitted and 19.54 per cent

of the isolates were found not to be sap transmissible to

pepper .

Among the sap transmissible isolates, those collec-
ted from Dharwad were transmitted to the maxiicum number
(9i*0 per cent; followea by Belgaum, Shimoga, Mysore and

Gulbarga.
2) Initial grouranf? of chilli mosaic viruses

Initial groupings of all the isolates transmitted
mechanic alii? were made on the basis of symptoms, expressed
on California Wonder for a month after inoculation (Table 6).
Ihe description of the symptoms produced on peppa: is diss-
cussed in detail under each x group separately. Out of
[,jOO isolates li*t>4 per cent of the isolates were not
transmitted, y.61 per cent isolates belonged to group 1,
ly.OB per cent to ~oup 2, 12.38 per cent to group 5» 5%*46
per cent to group 4, 9.92 per cent to group 5, 15.15 per
cent to group 6, 5»38 per cent to group 7» 3»38 per cent

to group 8 and £7.08 p”~r cent to group 9.

The established isolates were sap inoculated to a

set of differential host plants reported by earlier workers
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(Prasada Rao, 1976; Villalan, 1975; Zitter, 1972; Saki-

mura, 1i?40; and lirone, 1935)» and were grouped based on

their reactions as given in Table 7.

representative isolate from each group was selec-
ted and maintained on  California Wonder by inoculating

at periodical intervals for further studies to confirm the

nature of each virus.
3) Symptomatology

The symptoiis of representative isolates of each
of the eit™t groups of virus isolates on C.annuum cv. Bell

pepi.er tind adgikaddi are described below.

Group 1

Seven days after inoculation, faint vein-clearing of
the young expanding leaves developed 7 At

i L i followed by mosaic mottling on both the culti-
vars. i'largxn of the leaves were slightly bent upwards,

new ieavta developeo with irregular and discontinuous green
vein banding symptoms. Some leaves developed dark green
raiseu blisters all over the leaf surface. Veins and vein-
lets became wavy resulting in upward . curling of the leaves,
in a ffcew leavts, the tij was drawn into a thread like

structure giving arat tail appearance. Some leaves showed

irregular expansion of lamina along with green blisters
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(Fig.11). Flowering was reduced and young fruits showed

various types of mottling ~,Fig.21). Plants were stunted.

Group 2

Seven days after inoculution, toth the cultivars
showed a very faint vein-clearing on young leaves. Later,
these leaves developed dark green continuous vein banding,
a characteristic symptom of this group and could lae noticed
upto 25 dciys after inoculation (Fig.12). The leaves later
showed various types of mosaic mottling and in some cases
they beciame thread-like. Internodal length was shortened
giving a more stunted appearance. Hunts showed poor

flowering and bell pepper fruits assumed banana shape.

Group 3

The first symptom was tlie vein-clearing appeared on
young leaves 7-8 days after inoculation followed by mosaic
mottling. Later, aark patches developed in an irregular
fashion on the leaves, and aibsequent leaves showed distor-
tion. ilixtreme narrowing of the leaf lamina in aome cases,
leaving only the mid rib a characteristic symptom of this
virus group (i'lg.15;. The Icunina developed on both the
sides of midrib in a zig-zag manner in oase of California
wonaer . Lateral bucs produced filiform leaves. Internodes
were drasticMJLly reduced leading to severe stunting. Flower

cjid fruit formation was reduced, fruits in pepper were



Fig. No.ll. C*))gletta annuaa ot« Oallfomia Wondar leaf
showing synptoas of potato Tixus T (Orotip 1)

Fig, No.12. C. amnima ot. Oaliforaia Wonder leaf slewing
eynptome of pepper vein bamdi»g Tizae(Group 2)

Fig. No.13. C. annuoM ot. Oalifoxnia Wonder leaTee showing
syaptoBs of pepper Teinid aottle Tims (Group 3)
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sffialler and round, and in Byadgikaddi they became thin

and crinkled.

Group 4

siter seven days of inoculation, both the cultivars
shoved a prominent vein-ciearing of the young leaves. This
was prolonged for some days and later, these leaves became
mild chlorotic, prominent to moderate cupping (lig.l4).
After one uonth, joung leaves showed dark green bands along
the veins which were conspicuous at the bw.se of the limina.
In sohie cases, leaves showed marginal waviness. Muoh flagg-
ing of older leaves on infected plants was observed (Fig.l5).
In hot day” plants shovied wilting and stunting. Main branch
shovjed elongation. Fruits were small and showed line

patterns. Ripened fruits showed brown coloured areas.
uToOUP 5

i“ecrotic lesions were developed on inojulated leaves
within 3*4 dc”s after inoculation on both the cultivars. lhe
necrosis extended to the stem along the petiole in the form
oi dark streak resulting in dropping of inoculated leaves.
This dark streak further extended along the stem in both
directions killing the young plants in some oases. The
plants which survived were pale, ohlorotic and developed
yellowish irregular patches on leaves (Fig.16). Plants

were stunted and produced a few flowers and fruits. Fruits



Fig. No«l14* Oaipsicma acBUum cw, Oalifoznla Ibnd«r leaves
Awing “aptoBB of tobaooo eteh TlrasC Group 4)

rig, 10,15* O» mmwam Oalifornia Wondor and Dyadgl
laddi plants showing syaptoms of tobaeoo
st«h vIMs (ezonp 4)

fig.SO. 16« £+ jgHMa ev. Oalifornia Wonder leaf showing
syagptou of tobaeoo oosaio virus (Group 3)
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were thick sklned, smaller and mottled.

Group 6

Young leaves of the infected plants* in both the
cultivars showed vein-clearing from the tase of the leaves
alter 7-8 da”s of inoculation. The chlorosis spread along
the veins followed by characteristic mottling. The inter-
nodes were shortened and the length of the petiole was
slightly reducea resulting in stunted and bushy growth of
the plants, in soiae leaves, tip was drawn into filiform
fashion or rat tailing (rig,17J. Rruits were snail and re-
tained noriiial green colour with dark green warty swellings

on the surface in both the oultivars.

Uroux; 7

Both the cultivars showed vein-clearing after 6-7
days of inoculation on young leaves. Later, the whole leaf
showed vein-netting symptoms. After ten days, small chloro-
ti ¢ rings liinittea by veins developed, which later spread
as xaint riiigiines markedly on pepper leavts (Fig.18).
Jijadgi cultivars showed faint chlorotic spots followed by
mosaic mottling (Pig.19). The leaves became abnormal in
shope. jridiits were not much stunted and showea too much of

flower shedding. Fruits showed mottliqg on the skin.



?1g. Hb.17. CapBicua ct. Oallfomla Vonder l«aTes

sbowing «JroptoB8 of oueua”«r oosaio Tima
(ftzDUp 6)

Fig. Sb.18, £- Oalifomia Wonder leaTca showing
sjvptou of tobaeoo ring spot tixus(dxoup 7)

Fig. W0.19* £« aniwnia ot. Byadgi Kaddi laavas showing
*TBptoaa of tobaooo rin”spot Tizus (Qzonp 7)






Group 8

Both the cultivars showed a few scattered pin head
necrotic spots after five days of inoculation. After 10-12

Aoung leaves showed mosaic mottling with dense small
rings arjd spots. After one month, older leaves showed con-
centric rings (Fig.20;. These concentric rings later be-
(ciBe chlorotis; and to a lesser extent necrotic. Plaits
showed cltar concentric rings on leaves during March, April
and tia®. The symptoms were not clear during the other
perj-ods of tne year. Byadgi cultivar showed vein-netting,
mosaic mottling arid later vary small chlorotic spots on the
older leaves. Leavfcs were reduced in size. Plant was not
stunted, iruits of both the cultivars showed large ring-
spots i resembling those on leaves. Plants showed
a few flowers uno fruits. After one month of inoculation,

growth of California Wonder plants was reduced and became

conpact.

Group 9

Small necrotic spots were formed on inoculated leaves
after ttjree days an” within seven days, leaves shov/ed vein-
cletxing on young leaves. Plants were stunted and compact.
Leaves became sualler and yellowish in colour. Flowers were
aborted and frviits were jTcivdL and remained green for longer
tine and later btoame whitish. Based on the differential

symptoms on L.metal <4d G.sativus, this group was found to
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contain a mixture of groups 5 aad 6. This was conf limed

by serological reaction to the antisera of these two

viruses.

The effect of all the ei™t wvirus groups on the
fruits of bell pepper and Byadgikaddi is presented in
Fig.21.

4) Transmission studies

a; Insect transmission

Five species of aphids viz., M.persicae, /ugossypii,
ili.craccivorR.niaidis and li.setariae were tested for the
tranauission oi uifierent representative isolates of virus
groups, and the tiirips viz., T.tabaci and S.dorsalis for
tiai4tiiiiEsiou of vii’Js group 8 on bell pepper seedlings were

used. Ihe results are presented in Table 8.

it xs clfc:-;r froii; the Table that M.persioae and
A.goss”pii were able to transmit the isolates belonging to
groups 1, 2, 3» 4 and 6 40 to 80 per cent efficiency
than a.oraccivora and H.setariag H.setari aetr ansmitted only
tne viPjs isolates belonging to groups 1 and 3 with 20 per-
cent efficiency. Other virjs groups viz. 5 7 and 8 were
not transcii tted by any of the species of aphids tried. AmMong
the thrips, only the nymphs of T.tabaci from onion tranani-
tted the virus group 8 with 20 per cent efficiency but not

others.



Fig. Ho.ao* Oapalcua annumi ot. Oallfoznia Woad«r l«af

showlsf toaato spotted wilt tixus (Group 8)

Pig. 10.2X* £+ MHnaa ev« Oallfornla londor and Byadgl

bddi fznita reapoetlToly showlng aynptoaa
pZ0diiO«d bj eight Tlrusea
(fzom left to light)

Heiathjr frolte # « TMT lafeeted frulte
P?iTinfectedfM lte 7 - QwIr

PTT of ff 8 1 TRSV tf
pnnr 9 - tswt .

XK
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b) Seed transmission

iMone of the seedlings raised from the seeds collec-
ted from the infected California Wonder with each of the
virus group were found to exhibit symptoms or to carry the
virus latentl;y as observed by inoculating to indicator

pi cnts.
5) Host range studies

fiftjr plant species belonging to nine families viz.
i“maranthaceaet Asteraceae™ Boraginaceae, Brassicaceae,
Chenopodiaceae» “jcurbitaceaey Fabaoeae, Malvaceae and
Solan ciceae were tested, in each, five pl-iits were inocu-
lated with the representative isolate of each virjs group.
Ihe reaction of host platits to the eight virus groups is

presorted in the Table 9.

Group 1

This group produced numerous minute loo al lesions on
inoculatea leaves of G.amaranticolour (Fig.22;. Z.quinoa
c¢cna J.album within ax days after inoculation. On detached

leaves of 'A-6’ potato, yS.deaisum x S.tuberosum ). star shaped
black necrotic lesions were observed after 3 da”s of inocu-

lation U'ig.23).

jioung inoculated leaves of D.metel developed vein-

clearing followed by chlorotic mottling, blistering and
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puckering of leaves (i;’ig.24). Systemic chlorotic mottle

was observed on Petunia hybrid Physali s floridana (Fig.25),
P»peruviana, “enigrukE, S.tuberosum, iv.tabacum var. 'Xanthi’
ar™d ‘'i3arasun', u.”lutinosa (17g.26) and li.rustioa. Systemic
necrosis of veins and leaves was observed on DO«tabacum var.
'White Burley' IlUcandra ph”saloides produced

faint riecrotxc spots on inoculated leaves and later syste-

mic mottles (i'i*.28).
Group 2

ihis virus “oup showed reaction only in solanaceous
plants, ioung seedlings of D,metel proouced vein-clearing
on young leaves within 6 days after inoculation, followed by
crinkQling, blistering, puckering aid other deformations,
After 20 days, plants syiowed filiform leaves (Fig.29). This
virus produced mosaic Eottlingon P.peruviana, |.hybrida.
i>ni®urn, iNtabacua v~r. 'White Burley*, C.microcarrum and
G.pendulum within 10-12 days after inoculation, ij.rustica

showed systemj-c neorotic spots followed by leaf necrosis.

Group 3

Ihis virus group had an extremely limited host range
arjQ was not trsmissibit to the plants of any other family
tested except a few species in Solanaceae. This virus pro-
duced mosaic ECttle on G.frutescence, C.microcarpum.C.pendulum,
P.hybrida, P.peruvi aia arsd S.nigrum showed vein banding,

mosaic mottling aid leaf distortion.



Fig. No.22.
Fig. Vo.23.
Fig. Mo.24,

Qh«iQiK>diia »aar«ntlcolar l«aT«« showing
ehiozotle to noerotie loe«l Icalons on
laemilatioB with potato YiruB T

A>6 Potato loavta ahowiag dark blown star
shapsd noexotio looal lesions on inoeulatioa
with potato Tiras T

Podmra astsl n*wt showing dark gresn blistsrs
«nd Msale Mottling on iftoeulation with potato
lizns T






fig. fo.25.
rig. Vo.26.
Fig. Ho.27.

fluUHAmm plant ahowlBg w>««ie
aottliBg (B inoeulation with potato
lizoa T
Loft m laoeulatod Rigbt > Hoalthy

Ileotiaia ittiiti»no»a plant sho”g aooaio
aottlisf oB laoeulatioii with potato
Yinui T

H. t*acttB Whlto Buza” loaToa aliowlBg
10iB eloaxing on iaooul i*ion with potato
Tima |



Fig.26



?lg. lo.as*

fig. 10.29%

WieaBdra pimialoidf pint ebowing waalo
1ottllag on iaoealation with potato
viraa T

Datnra 1et<| plant showing ooaaie Bottling
and filifora laaTea on inoonlation with
pappar vain banding vixua*

Central « Haalthy £aft and Right«Inoeulatad
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Group 4

This virus produced faint chlorotic spots on Gelojia
argentia. xlecrotic local lesions were produced on C.amaranti-
coler aid C.quinoa within 4 days after inoculation. "ipart
from i-iaaranthaceae and Chenopodiaceae the virus was restric-
tea to solcuaceae. Datura atraiaonium showed mosaic mottling
and rat tailj.ng and filiform leaves (Fig.30) and fruits pro-

duceci were spineless, plants were stunted and soraetimes flower

bude were Kkilled, Dsmetel, G«endulum> L.esculentum, K.T?hy»
saloidee, S.ni*rum, S.tuberosum, p»hybrida, P.floridana
developed icosaic mottiirig symptoms. Whereas N.t"acua var.
*S&msun* and *X~nthi* and M.rustica showea mild to neorotio
etcbin®- symptoois in addition to mosaic mottling (Fig.31).

Oapsicum microcarpum showed stunted growth and G.frutescenoe

showed top necrosis and wilting of young plants.

Group 5

Ine vir’js group produced chlorotic to necrotic lesions
on inoculated leaves of Gomrhrena globosa,C.amaranticolort
C.quinoa, , G.album, D.metel, D.stramonium, N.glutinosa,
h.rustics (Fig.32) and Phaseolus vulgaris var. 'Pinto’
witnin 3-5 days after inoculation while it produced necrotic

local lesions in addition to systemic symptoms in .tabacum

var. 'Xanthi’ whereas systemic symptoms on I .floridana,
P.peruyian&i ”".esculentum UinN!:»33) »physaloides, H.tabacum

var. 'White Burley' <Pig.34) and Mar anthus caudatus.



rig, Ib, 90,
Fig, Ho.51.
rig, Vo.52.

Dmtmmm »tnMoatwi leaTes showing ao«alo»
aottliac, p«ek«71Qg and fllifornity on Ine*
eultftioa with tobaeeo «teh Yiras,

HiootlaBa znatloa leaf showing superficial
round Mild stehing on inoculation with
tobaeeo etch Tizns.

Leaves of floaDhifna IAobesa. Mieotiana
lantinosa. Patura stramonium. D. met?
OhicpodiiMi Mterantieolar. and Oaosicum
lioroaarpiMi showing ehiorotie to necrotic
loeal lesions on inoculation with tobacco
10aalc Tiz«s»






Pig. Ho.35. LyeopTsloon —ml leaTM showing synptoms
(B iaoonlatloA with tobaeeo aosaie virat «nd
eumabsr momtX* Tima together.

fig. 1e.93 a. liootima tabawui ot *Zanthi* showed elongated
styles OB inooulation with Tip”and OMT together.

Left 1 Eeidthy Right » iBooulated
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Group 6

The virus produoed necrotic looal lesions with red
margin on inoculatea leaves of C»amaranticolor (Fig.35) and
C.guinc”™ and numerous chlorotic local lesions on C.album
v/itniri 4-5 days after inoculation. Vigna sinensis var.
‘iilack anu y.unguiculata var. G.152 showed reddish
brown necrotic lesions. In Cucumis sativus young leaves
showed sffiuli greenish yellow areas within }-6 days after
inoc’ilat*on followed ty yellow mosaic nettling on subsequent
leaves U’igOo0j. ijicancra phyaaloides developed mosaic
mottlin® folloved by crinkling, distortion with filiform
leaves within 15 da™s after inoculation (Fig.37). Systemic
symptoms were observed on P.floridanat S.nigrum, L.esculenturn,
jj.tabacun var. “White Burley' (Fig.38), and also distorted
leaves in ii.A'lutinosa CFig.39). D.stramonium showed mild
chlorctic si:ots and later followed by systemic mosaic.
C.microcarpuia, G.pendiilum snd C.frutescence develoi>ed mosaic
mottiin g and leaf distortion within 10-15 duys after inocu-

lation.

Group 7

Gomphreua “lobosa produced chlorotic spots on inocu-
lated leav-s whiwh luter turned necrotic within five days
alter inoculation. G.amaranticolor CFig.40y and C.quinoa

aevfcloped necrotic and jhlorotic local lesions respectively



Fig. 10.34.

Fig. Ifo.35.

Fig.1To.36.

HlctoiiBfc tabaom ov White Bnrl«y leaves
*howing BK>B»i« 8K>ttling on inoeulation with
tobaeeo aoeaie i"Xx«s*

CheaopodiaM tfM gaatieolag leaf showing brown
neezotio spots on inoenlation with eaeunber

nosals vims.

Oaenais naiti'yus leaTes showing mosaio nottLing
on iaoenlation with enennber nosaie Tizus






Pig. No.57* Hieandra phyaloldot leave* showing noaaio

Fig. 10.38.

Fig. Ro0.59.

aottllng and leaf diatoztlon on inoculation
with oueumber mosaic Tizaa.

lieotiaaa tatoaemi ev  Whitt Burlay leaf showing
momax9 aottliag on inoculation with cucumber
1oaai« Tims.

|. <a.ntinosa leaTCs showing mosaic mottling
and leaf distortion and flowers showing elongs®
tion of styles on inoculation with cucumber
mosaic Tlras.
Flowerst Left « Healthy

Right m (Inoculated) elongated styles



[Fig.39



oa inoculated leaves within five days after inoculation.
Vifjina sinensis var. 'Black developed reddish brown
lesions on the inoculated primary leaves within three days.
Cucumis satiyus and C.melo reacted with systemic chlorotic
spots 7-10 dajs after inoculation followed ly systemic
mottling U'ib»41). Zinnia elegance, Gucurbita maxima.

| .floriaarja, !.Peruviana, S.melonffena, L.esculentum and
K.tabacum var.’Xanthi' and .rustica showed mosaic mottling,
whereas, L.stramonium and N«tabacum var» 'White Burley’
proauced chlorotic spots within 10 days after inoculation

U'ig. 42).
Group 8

The virus produced chlorotic to neorotic lesions on
G.globosa and A.elegans within 8-10 days after inoculation,
iirst a few big necrotic lesions were produced on Dahlia,
unilia sonchiifolia 1).C. and Ghikkori (Cichoriua intybus)
within six days after inoculation and later the plant deve-
loped systemic line pattern symptoms (Fig. 43)e Chenopodium
album and C.amaranticolar siiowed ohlorotic local lesions and
C.quinoa produced necrotic spots. Triohodesma aeylanicum R.Br.
prodi?ceu systemic chlorotic rings on the leaves 15 days after
inocu lation(i'ig.44). G.satiyus did not show any symptoms.
Physalis peruviana did not show any symptoms immediately but
after fifteen aays, matured leaves showed dark green vein-

banding symptoms. Arachis hypo,"ea reacted by developing



71g, Ho.40. Chanopodltta narantloolar leaves showing
Bsorotle local lesions on inoctalation with
tobaeeo ring spot TIxas.

?lg» Vo«4l* Ottnals satlvtts leaf showing mosale mottling
on liie«alatiwi with tobaoeo zing spot Tiztts,

Tig* Wo.42* llaotiafta tsibaona ev White Burley leaf showing
ohlorotic zings and nosaio aottling on
inoculation with tobaoeo zing spot Tiras.



1
?ig.4



rig. lo,43*

rig, Vo*44«

rig. We.49.

Ballla aonehifolia leaf ahowlng nwsrotlo local
laalona on inoculation with tosato apottad
wilt Tirus.

t«I»hodag«a «aarl<iiicna laaf ahowing aystamie
eiilazotl* ziBga on inoeiaation with toaato
epottad wilt Tijnia,

Lyeoperaioon aaotganturn laavea showing big
naerotio brown apota on inoculation with
toaato apotted wilt Tiraa,



Fip.43



first necrotic trown spots and later plants betame stunted

in growth. JY.vulgaris ‘Pinto’ and Gl.vcine max showed syste-
mic mosE;.ic mottling simptoas 20 days after inoculation.

lisuE sativum showed chlorotic spots on the inoculated

leaves after seven days of inoculation. 71gna un”iculata
C-152 and y.sinensis 'Black i:ye' reacted by producing small
necrotic lesions. Capsicum bnnuum cv. California Wonder
produced small necrotic specks after six days of inoculation
and later the plants showed systemic chlorotic spotting on
young leaves followed by joncentric chlorotic rings after
25-30 dai®s of inoculation. Cultivar Byadgikaddi also showed
small necrotic spots and later small yellow chlorotic ring
spots. Datura stramonium showed systemic symptoms like
mosaic mottling and leaf distortion. Lj/copersicon esculentum
var. Pusa Ruby first showed neorotic irregular big brown spots
(fig.45) and later the plant proauced bronze coloured leaves
after 20 days of inoculation. Fruits of L.esculanturn were
round with chlorotic concentric fings (Fig.46). Nicotiana
tabacum 'Xanthi' produced small chlorotic spots on the inocu-
lated leaves aiter eight to ten days of inoculation. H.tabaoum
>White iturley K-1’, W.glutinosat .rustica, S.melongena and
Petunia hybdrida showed big isolated necrotic spots on the in-
oculated leayea after eight to ten days of inoculation. H.glu-
tino;E£ia showed isolated big necrotic brownish lesions with
concentric rings which was used as a good indicator host.

But later the plant showed systemic symptoms like abnormal
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chlorotic leaves (i'ig.47). Physails floridaia also showed
only a few chlorotic yellow spots on the iooculated leaves

after seven days of inoculation (Fig.48).

Axl the virus groups teoame systemic on C.annuum var.
Califoinxa Wonder, Gowribidanur and Byadagikaddi. C.micro~
ccjpuiflt G.pendulugi end C.frutesoence produced necrotic
lesions to the virus group 5 and not to group 8. Group 4
caused top necrosis of G.frutesoence Tabasco. Groups 5 8
produced necrotic local lesions on inoculated leaves followed
by systemic symptoms on C,annuua cv. California Wonder,

ijiadagikaddi arid Gowribidanur.
b) jrh”sicfcJL properties

Ihe physical properties of each virus group was
studied ty nsin g each of the representative isolate main-

tained on California Wonder seedlings.
a) Dilution end point

The results are presented in the Table 10. The dilu-
tion end point of virus group 1 and 4 was found to be 1:1000
to 1;5000, groups 2, 3 and 7 had 1:5000 to 1*10,000, group 5
had 1:2,50,000 to 1:5,00,000, group 6 had 1:10,000 to 1*50,000,
and group 8 had 1:500 to 1:1000.



fig* Vow«db« ltyeot)«g>Icoa fruit showing ehiorotio
eoneentrle rings on inoeulation with tomato
spotted wilt Tirus.

fig, Vo*47« licotAi— tf.»tijios> loaf showing big nserotio
spots with eonoentrie aaridngs on inoculation
with teaato spotted wilt Tiras.

fig. 10.48« fhjsalis florldaaa l«af showing big ehlorotie
[*llow spots on inooulation with tomato
spotted wilt Tints.
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) Thermal inactivation point

Tht thermal inactivation point of the viruses in the
crude sap from systemically infected chilli leaves lies
between 60 and 55®C for representative isolate of virus
groupsl, 3 and 7» 55 and 60®G for group 2» 65 and 70“C for
groups 4 and 6, 95 and 100°C for group 5 and 45 and 5CRC for
fcroup 8 (Table 11).

c; Juongevit.y in vitro

The results are presented in the Table 12. The re-
sults on longevity in vitro revealed that the representa-
tive isolates of virus groups 1, 2 and 7 tjod-24 hours,
groups 3> 4 arid 6 had 48 hoursi and group 8 had 2 hours.
However, the representative isolate group,5‘was found to be

active upto the 11th week in stcrage.

The sumaarised results of the physical proper-
ties ofS! 8 groups of viruses are presented in Table 13.

7) Aaal.vticol Key to differentiate the eight
Capsicum vxruses

when the Capsicum virus isolates were tested on the
diflerential host plants, they produced typical reaction.
Therefore, a Key prepared for identification of thie virus
groups based on the reactions of the differential hosts is

given below :
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A Ghlorotic/Wecrotij loj al lesion on:

Jhe laox-odiuia amaranticolar i, ..( B)

B. Systemic mostiic mottling on Cucumis satiyus.. (C)

C.Systemic mottle couple<i with crinklin®ucker-

ing and filiform leaves on Nlcandra physa-
I0IQfciS . Silv U )

GC. "o reaction on N.physaloides ..TRSV (2)

BB. wo systemic mosaic mottling on C.satiyus .. (D)
D. ;jystemic . mosaic with puckering, blister-
ing and deformation of leaves on Niootiana
fAlutinosa . PVY (3)
DD. Necrotic local lesions on Mwglutinosa. (E)

E. Concentric yellow ringos on both leaves
and fruits of Galifornf'a Wonder. -TSW7(4)

EE. Bright yellowish patches on young leaves of

California Wonder .. . T™M7 (5)
Wh. ijystemac mosaic mottling with filifbrm
leaves on Datura stramonium .. .. TxN (6)
-IA. 1'lo reaction on Ohenocodium amaranticolor . (F)

F. Jein-cle”™iug tol'lowed by mosaic mottling
and filiform leaves on Datura metel. .PVBy(7)

wo reaction on D.metel. . PVI17 (8)

8) Jrurification

A schematic outline for purification of virus by
Polyethylene glycol precipitation method and the results
of infectivity test with the fractions collected at each
step in the process of purification for each virus group,
made on Cilifornia Wonaer for the presence of viruses are

presented in Table 14 and 15 respectively.
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Table 14i Purifioation of chilli viruses by polyethylene
glycol precipitation method

Discard

lulp

lellet

bupernataTi t

Pellet

Steps

Infected

leaves

Proceed

Homogenise in equal volume of
0.5 Mphosphate buffer pH 7.2.
containing 0.2/1 mercaptoethaiol

Squeeze through two layers of
cheese cloth.

Sap

idd n-buttjool to 8.5, per cent
of the final volume of sap.
Then keep this mixture over-
night at 4"C. pentrifuge for
40 min. at 5000 rpm.

Supernatant

Add polyethylene glycol

(6000 Mol.Wt.) to 4-8 per cent
of the final volume and 4 per-
cent sodium chloride slowly
while constantly stirring for
30-40 min. at 5®C. centrifuge
for 40 min at 15»000 rpm.

Pellet

Kesuspend in 2 ml of 0.1 M

phosphate buffer pri 70 con-
taining 0.5 per cent sodium

sulphite, centrifuge for

15 min. at 5000 rpm.

Supernatant
Final virus suspension
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Table 15: Infectivity tests of representative isolate of
each of the eight groups at different steps of
purification by polyethylene glycol precipita-
tion method

iTaction Number of plants infected out of
’ 10 inoculated virus groups
SI.  Stepl used for
0. 1NCS. infeo ti-
Vi ty " «2 "4 ®7
1 2 Squeezed sap 8 9 10 8 10 10 9
2 5 cupernatcint 7 6 8 6 10 4 8
Pellet 2 2 3 2 5 1 1
5 4 Supernatant 1 2 1 5 2 0 1
Pellet 8 6 7 6 8 7 7
4 5 Supernatant S) 5 5 5 8 8 6
lellet 0 0 0 0 0 0 0

«8
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9J i™leotron microscopy

The electron microscopy of the purified preparations
of the diseased plant samples after shadow casting revealed
the presence of flexuous rods measuring 681 x 12.5 nn(Fig.49),
677 X 13 nm U”ig.50), 656 x 12.5 nm (Fig.51) and 623 x 12 nm
(Fig.52; in case of group 1, 2, 3 and 4 respectively, and
rigid rods measuring 278 x 15 nm (Fig.53) in group 5 and
spherical particles measuring 30 nm (Fig.54) and 27-28 hm
(i1g.55> in case of group 6 uid 7 respectively. However,
the present method of purification failed to get the virus

particles in pure form in case of virus group 8 (Table 16).

10} werolo,-;y

ihe serological relationship of viruses of 8 groups
were testeu against the standard antisera of Potato 7irus
iepper vein banding virus, lepper veinal mottle virus, tobacco
mosaic virus, cucumber mosaic virus, tobacco ring spot virus,
lotato Virus S, X; raspberr;y ring spot virus, alfalfa mosaic
virus” tomato strain of tobacco mosaic virus. The results are
presenteu in Table 17* In agar gel double diffusion tests in
letri dishes, precipitation bands were observed after 48 hours
of incubation, between the antigens of groups 1, 2, 3, 5, 6 and
7 with the antisera of (Fig.56), TvB7 (Fig.57), PMW
(Fig.58), T™™7 (Fig.59), Gw (iig.60) and TRSV (Fig.61) res-

pectively. Precipitation bands were not observed with the



Fig, lo«49« il«otroii alexogrftpb of potato virus T

71g9. No.30* JBLoetzott adezograpb of p«pp«r Toin
bandIBg Tlxas






riff. Vo.91. H«etfOB aiezogvapli of pepper -veinal
aottl« 1ins.

fig. So.52. Sleetvon fld.orograph of tobaeoo etch
Tizua.






fig. fo.53* H«etzos Biexogripb of tobaOeo aosaie

Fig. 90.54. Xl«ciTOn mlero”rapb of eneuaber aosalo

Pig. lo*55« n”otzoB wlorograpli of tobaooo ring spot
liios.
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Table 16: rartiole shapes size and nme of eight

groups of chilli mosaic viruses in

Aar nataka
bl.  Group Ohape Size I'Jaae of
iliO» ijo. vITus
1 A Flexuous rod 681 x 12.5 nm PVY
2 i'lexuous rod 677 x 13*0 mm FVB/
3 A Plexuous rod 656 X 12.5 nm p\m7
4 j'lexuous rod 623 x 12.0 nm TEV
5 Rigid rod 278 x 15.0 nm ThY
6 Isoinetric 30 nm aw
7 «7 Isometric 27 - 28 nm TRSV
8 | sonietric — TSVW

«8
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Tatle 17: Serological reaction of eight groups of chilli
mosaic viruses against standard antisera

Sl. Virus i“tiser a
i<o. rou
g P i-yB\r  'pmv mv cfiv trsv fvs pvx rr am? tmyv
(\A'% TS
1
2
3 G.(i:VI4V)
4
6 GV'OmY,)
7  G/(TItSy)
8 G"CTSW/;
i'iote i + = Positive reaction; - = No reaction
irVl = iotato virus Y
P7i3V = xepper vein banding virus
fV/iV = lepper veinal mottle virus
TW = loba™oo mosaic virus

*= Otjcumber mosaic virus
TK3V * Tobacco ring spot virus

PVS iotato virus S
P/X jotcito virus-X
RR3iV= x.ospberry ring spot virus

Alfalfa mosaic virus
TM/IS* Tobacco mosaic virus Tomato strain
TMNf «  lobacco etch virus
T3WV » Tomato spotted wilt virus



Ylg.

Pig.

fig .

0,96« Potato TIIMS T fVoa o hilll «ho«IB«
prooipitia b«Bd wltli sttfidajrd PVT
eutioona

lo»57. Poppor Toia btftdlag Tlr«8 fvoa e h llli
Bbowiag procipitiii band with ataadard
PTBT a”tiaaxuB

l0»98« pappar 1eiaiiL aottla Tirua from o b illi
akoniag prtoipitia baad witk atandard
pm tfntiaann

X e PIT aatiaana
21 P1BT aatiaania
3« TfMT tfitlaazaa
4 - TMT aatiaam

9 > OUT aBtlaajnia

6 « fR87 Mtiaaswi

& * Potato niaa |

Of « Poppov Toia btfidiag tIxuo
G911 Poppar inaiaal aottla Tizua
09 « fobaoao aoaalo Tixaa

0$ m Oaaaabar aoaalo Tina

(FT » Tobaooo riag apot virua
09 Kixad oaltara, TMT + 0OM7






Yif. Ho*%ott fobaoeo aoBaie Tirus fxoa ohilll ahowlag
prtel”tiji band with standaxd TMT tfitlstraB

rig, Wo.60» OuonBbtr aosaie Tlrus trou ohiXli showiag
praoipltin band with standard OUT aPtlsajniB

Fig. lo«6l, fobaiooo dag apot virus from elKilli sbowiag
prsoipitia btfid with standard VRST antissran

fig. Mh62* Kixsd ottltar«, tobaoeo aosaio and euotuibsr
10saio Tirusss showing prseipitin band with
standard TIV g"d OMI antissra.






124

other standard antisera and antigens tested. Group 9 showed

positive reaction against both antisera of TWV and GW

(jpig.e™i).

111 Distribution of Chilli viruses

The results of the detailed studies with the repre-
aeiitative isolates from each group confined that groups
1. 314, 5 6, 7 aid 8 as IVY, FVBV, PVKv, TV, TMvV, CWV,
TRSV, I'SV'V respectively and the group 9 as the mixture of
M

‘the analysis of the oata on the distribution of these
viruses in the surveyed areas presented in the Table 18 re-

vealed thut PVIiV to be most prevalent followed by CMV,PVMVV,
IwV, P/Y, TiiV, TRSV, T3W/ arid the mixture ThV + OMV.

When the incidence of most prevalentvvirus in each
district is considered it is found that PTBV to be the most
prevalent in the districts of Bharwad, Belgaum, Shimoga and

I'lysore. However GW was most prevalent in Gulbarga (Fig.63).

A coxi;parison of prevalence of different viruses among
different taluks in each district is presented in the Table 18.
in each district the percentage of most prevalent virus at
each taluk level is underlined. The taluk which recorded

highest total percentage of incidence of all viruses is

marKed with an asterisk!”;.
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FIG"3. DISTRIBUTION OF CHILLI VIRUSES IN FIVE DISTRICTS OF KARNATAKA
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itharwad district

.jDong the six taluks, Haveri recorded the highest
total percentage of incidence. Among the viruses recorded
in different taluks in Dharwad districti PVBV was more pre-
Viilent in five taluks, hirekerur recording the highest in-
cidence foliov;ed tj- Byadgi, Dharwad, Xundgol aiia Haveri,

whereas OW was maxiuuin in Hutli tt-luk.
Belgium district

.inong the fivt ttduks, Hukkeri recorded the highest
totrl percentage of inciL.enje. /mong the viruses recorded
in Giiierent talvks in Belgiaum diatrict 1-73V was more pre-
valent in Belgaum and Haibag taluks. Whereas, GW was more
prevalent in Bailhongal and Jhikkodi taluks. Hukkeri taluk
recorded the hipest inciaence of iVMV followed by PVBV.

Jhimo,-*a district

ijiiong the five taluKs, Honnali and Shikaripur taluks
recoroed the hightsl total ptrcentag-’ of incidence. Among
the virusts recorded in different tduks in Shimoga district,
1-/5V was more preval nt in four taluks, Shikaripur recording
the highest inciuencb followed Igy Honnali, iJhannagiri and

3himo,3ci. V.iiereas OM7 was maxiicum in Sorab taluk.
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Mysore district

/iinong the four talnks, Mysore recorded the hipest
total percentage of incidence. Among the viruses recorded
in different t"Iluks in Mi”sore district, IVBV was more pre-
valent in i-i"sore and Nanjangud taluks whtreas iVY and TW

were more prevalent in rieggadadevanakote and Kollegal

taluKs respecti/ely.
Gulbarga district

timong the four taluks,Chinoholi recorded the highest
total pfcrcentate of incidence, ymong the viruses recorded in
(iiflererjt t-luKs in C-ulttjrE:a district JW was more prevalent
in thrfet t.I°’jiis, Sedaii- recorued the hipest incidence followe<?
bj Alariu, Uhitapur and Chincholi. In Chincholi taluk toth

G-W and were equallj? maximum.

Ihe data obtained on the distritution of different virus
iGOliit:'"E in each of the popular comiiercial varieties of chilli
is presented in the Tatle 19 The incidance oi each virus on
each variety is presented as the percentage of total number

of isolates collected on any variety.

i,ooking at the Table, it is clear that all the eight
viruses were recorded on only five out of 23 varieties viz.,
isyadgikaddi, Jiyadgi Uabbi, Sankeshwar, iedakota local and

Ohincholi at -/tjried percentage. However, in another six
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varieties, seven viruses were present. Least number, i.e.

only three viruses were observed in Konkani variety.

ijistribution of each virus in different varieties
revealed th<at maximum incidence of PVBV was noticed in
twelve varieties ~Table 19) whereas PVi was maximum in
Aonicani, PALV in DH7-6-6, Jwala, Gundakui, Crouribidanijr
and “abbi office, TIli/ in Kasigai onli®, TV was found to

be highest in Jwala, Illaibragalli, Gundakai, Dabbi office

and Koliegal local and OAW in Sankeshwar, ‘'feibragalli, Gunda-
kai, Dabbi office, Chincholi, iieelhalli, Lodamugali aid
Gunter.

The mixed infection of TiiV + GW was observed only in
eight varieties out of 23 cut not to a maximum extent.
12 affect of a severe isolate of pysV on Capsicum
genotypes
/ariong the six isolates of P7EV representing
different areas, an isolate v;hicti shovfed severe symjtoms

on tiifc popular cv. Byadgikadd was selected lor assessing

the reactions of fortysix genotypes of Capsicum.

Symptans and other observations were made on 5» 10»
15» 371 45» 75 iiiid 9uth day. Percentage disease index was

,;oriCeJ out for cach genotype aud presented in the Table 20.



8

T A

® "o=Ev gy

T

«

2

—

FOTGRO ©

T

QOVYO

891 AygeooTo”
® e obyges

Te

D
"D _ _/\ AN L ~S A . &
= g 0 iH 0 oM Q WO M 1 ¢ =1 H s
v e R 98 oooa@ o, W oAmo® L, me
Lo T T R . . 0 - o o
m L1 O II( Gi oA Cl o H w ( t % fH (Tt 00 ¢ O
cn @ o~ vo( m m m i u> \o o) % O 1 /\\b mo 4> m i
C - — — (. o
0
o w © @® @ @ OO .
MO t> 5> \tN> »> @ © Dt Ot > > 5> 5> > > = O O @ ®© 03
Ph
*> s >
4" c
((E o8 o K( c
o b iH rH 0)
6] rH -p (1
>3 >5 tH
S S 4J
+3 1~ to +> f_etg H 43 (e0] 5
a0 @ PS I- L p- W P X i
CO ca H A «p t Vi
© P H O to (8 >» é g E-t
i ~ QO » 0> | c; i>
IE’\\ r -4 -p *« § % Ay 1O 03( (%
~0 (Q( EH sq (1 EH
g 0) C rg w « t‘:) ce
f.e J)q 43<A M‘k | @ n go « P r-q I«
Mmoo+ N H n - (e6)
0 hAl g g rqg fﬁ s A ;o " I o e S e e 5 §
I-q w w
(-2 0 =~ u
hed J3 cn b1 JiS
a
:I% o »  fod »- J*
s o« 4] H « (@] §
2 43 'S +» S 3 +» >> D mu « hg s o H
Iy « Qi oy 15 (0] A > 0 )
« S: -p a0 H Si 0
i (9] P A > oo} cc « qs > r=t Oi
H "'3 4> CcP had
MK VO « 1~ Kq e « « H
& +1 «
(%}
g e p e N
2N 5-
Mo o O EB A b WM 9.«
P ®
3t . @ % + tn 7 i
a0 .
ui 6) « P EH P 4] a
o g « X r & EH fo Q g ;_? >
co +> -p M co N . EI
- o> 2> _l . -a
0 LTv -« no ¢ % SE_CO i%k tQ/\ {1( 3:
K> pa Q .- *.;1(
L H
. . R R s segegl 9999
- . M Qx « iH M M
« - N 'R "
Q * fe>
gl fa tg H i M t=> M t> g M S § g g g g g g g
£h
E] a? «
« >
P £H feH
a -k (I%( S K C«
m R
i « O Q +3 § cq B s H A
K § 05 O
ok -k
S -1 0 - - > 0o b»
g g o 0 t> F> > > I>r fg
0 1 3 p > ' S o
0O K\ otz ow *Ih A ey O P -] - H H ﬁ > 0
= SJ t@'l b g 0> al t> o p S > > 9 H & E> 4 F)>
rH o iH cs iH rH =) o) H m O H ’_3 fJ H P> I I’ﬁ!l 2
tn CM P -H a> > O ls» I>e o H oH > H 1= > -
o é& 3 b». [T Gn Pm i as a @ R 5™
R o
o a
I
a d 8>
XJ M o
8 c % 3 0
4 Q) rH >
H o H o 03 0 M m H _ vo\ 0 cs5
r vo Q0 ~e c- o c' T3 4 LT\ )
g 0 A 0 \g 1 7l cn o % m T> m rn - 10 covj 00 3 un
H 0 VO Ch o '\ - > t- r— r- 0 st to»
i-H .ED @ H 0 +» e Tl . —t (o)) M M v oV = LT> mH
o om g W c- H ™ ™ H H ™ H mH H PV _ﬁ
of cf pj mH i'_sl o cl cl rH 0 o
>»  P>»  of x| o D HH tq
pp o 0 o 3 a Mmooy ma o O
-i- v VO ¢c- 30 s 0 ™ a KN & <\ m0 © O Q bl IT\
H rH rH rH TrH H 4 —( € ANEAN 1N



Oo O%a)

=5 @0

P

r ! ~ |- K\ 0]
Ll e L8 B SUFBRRY mwo ‘%
] i i «d' ETON H
B i R B o Q28 B BERYm 00 7
gM lclo
1 1rl1* 15
A rH oM
W COcntotoCDCDn@E‘| CDCDCDEOSD> to @ < g"llll
cl I+
T/
ER
op R
P P4 813 S wri
EB > ﬂ w P
H
e 1S D r_Or—_’8
° ! PP
> QN m *> ?]JCS+CIJ:_D w
g/\* (CID)>C()& CQ f-‘|< )£)h ”ZIG Eﬁ) H‘s I(::h & -‘C-g) f1 0 bi '\4?_} >s
; | - - M rH TJ
R~ %H%W%} 9 4 MGy Bt v09Fo
M - "l%Q @ - M ) O 2 hj P5 QO « o b en ’
ée +J A >* 4] EH = g N oonononon
MNM© H G ifhrgeess B 03
QHSWP
P M
®
0
+3 P> 9 T K ‘f@
G L@
I > 5 O « H rﬁ'?\%
5 5 51& s B B8 % M@O
S aH H B (og] BH B H Ho g
II(% « gjl « « o « « ;,C N o 4 g_| a % g_| M A ,.(%) 7O
m PQ o
g 2 e 90§E>%9A99M>>Mf3%%nj
YA
N
Cap
5 'O 0
+= "
@' % Y @ a
% 8 p)é - % @ \;/B QD'p;
@ ) . @ i} H_l Gg
¢ ey B opgel o3 BFEBEE D
. H ) H" s * .
$ 0 Sem ot Q& . H« 15 o M ws oo 0s
< # L “d 9 99 9 g ©d @5 Y2
w gag H M &MIHFIMrHPM 8 myg&%%
CI)_SI I: a_ACOr(I)—| E\rl—g
g t'/\ § -pJ -g j'o
6t a s 9 U T S R
g~ ?I'H - a |||4( rI « - EI O « V) > t» I-H
(L3I d H I n non
] PE o, 4% 3 g Ry
o ¥ Bage:
>
o0 STOHER M
gs.fo'/\ OFPEO OO P 9> -I% 9> H > 8 P 9> Z g i
0 p
H rH o O
s £ g 0 g M H fH o oerl %) is- 12?1 & m N
)
>
ERE )
VO ™ B
SRR $ G5 B B
[0) - 0
'3@ @f é%ug X 0 §$mg 5
© 2 g 2 c S
7 8:) & % 3 8_' Oa i
© g = o &4 LA < !
c» O &4 (@) o I a C} oL Cﬁ :&:j rco % % \',2 c~ 8 6) 0 U
VO 00 Ok iHl rIEI) iH j'%_' = F' ® g a H 8 'rTH T @ Qv 6'\4/|
ve &z O 1§ YEL X x ok
. . . £n s
:E% WE?ﬂﬁr%H'ﬁ 3 o ODE410
-
» i - o
R 2RO B YR o8 % Rl HOe ., D



134

The results snow that ’jpto 50 days after inoculation
in BOst of the “enot”“pes syu,ptons were milci, ;irid 30 ays
onwards upto 73 days, plants shcweo jubnorraal ~ro'/th with

distortion of leavfcs in soae genotypes.

uenotype, selection showed faint vein-clear-
ing even after second inoculation showing high tolerance.
Geuotjpes via., iobd, Lwv] 27, L jO 28 ctnd ientha C-1
snowed consittantly t~piccd vein-banding symptoms till

days.

The genotypes, ii,>adi';i i*abbi, CA 960,’.G 127968,
1177970, G 157971, G-3, IG 13256, line 7 Green Sel-2,
j-ine  Green £el-4, line 11-Green Sel-6, Line 14 Green
3el-3, 'Ane 15 Green £el-4, X 196, X 197 snd X 200 sliowed

more filiform leuw>="s and rat tailing after 30 days.

.-ine 5 Green ~d-I, i_.ine 3 Creen Sel-3, and Line 9

uretn iel-4 ehowed cuppin® of older leaves in addition to

other s”.jptaiis.

Genot”*res, Gulbargu loc:.lI, ~G127968, 3G 1i*7970 and
r-G 127975 were stimulated to produce more ;iixill-.ry bran-

ches anc appeared bushy.

Jased on the leaf area the p';.r ceut disecie index

for each “enot"pe was wcrktu out. nased on the disease
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index the varieties are classified into Tolerant®*Moderately
susceptible, susceptitle and very susceptible, having the
Pi)l 1-20, 21-40, 41-60 and 60 and above respectively.
Genotype lentha G-1 (Top), was found to be moderately sus-
ceptible aid reffiaining were very susceptible and Mysore

selection was found to be tolsrant.
iiffect on different growth parameters

This experiment was conducted to know the effect
of infection b* severe isolate of P7BV on different growth
parameters like flowering time, height of plants, growth of
stem, number of leaves green and dry weight of leaves,
number of branches, number of fruits, length, green and
dry weight of fruits, length, fresh and dry wei”™t of

roots.

The measurements of each pdraneters were made and
presented a& percentage variation in relation to appro-

priate healthy cH'ieks in each genotype (Table 22)(iig.64).

i) I"feot on flowering

Inoculated plants of different genotypes were
observed upto flowering of the plants and data are pre-

sented in the Table 21.

i'roE the Table, it is clear that in most of the

g«notjpes there was delay in flowering of inoculated plants.
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Table 21: Effect of severeisolate; of PVBV on flowering of
chilli genotypes after inoculation of one month
old seedlings

S| i-elay or 1e Delay or
No. Genotypes early No. Genotypes early

over iiea- over heal-

1thy plant thy plant

Cin days; (in days)
1 3yadgi (Dabbi) + 6 25 LEG 28 + 16
2 Bi-adgi (Kundagol; + 5 26 Line 5 Green Sel-fl + 5
3 Capsicum chinense +11 27 iiine 6 Green Sel-2 + 10
4 Chinenoli +13 28 Line 7 Green Sel-2 + 9
5 Cluster chilli + 5 29 Line 8 Green Sel-3 + 11
6 GA y60 +12 30 Line 9 Green Sel-4 + 3
7 CA 1068 + 3 31 Linell Green 3el-6 + 4
8 i)h 7-6-6 + 6 32 Line 13 Green Sel-2 + 2
9 U; 119981 +7 33 Line 15 Green Sel-4 + 8
10 i)C 127967 + 8 34 NP 46-A + 6
11 W 127968 +15 35 Wyamathi + 5
12 £C 127969 5 36 Mysore selection + 3
13  iiC 127970 6 37 Pentha C-1 (Top) 9
14 H; 127972 + 2 38 Perennial conical + 13
15 02 127974 0 39 Pusa Jwala + 3
16 EC 127975 + 3 40 Sankeshwar
17 iC 127977 + 7 41 X 196 -
18 iXi 137971 + 4 42 X 197 + 10
19 G- 3 +5 43 X 200 -2
20 G -4 +1 44 X 206 + 15
21 G -5 +4 45 X 210 + 5
22  Gauribidanur -3 Average delay
23 Gulbarga local + 1 In flowering .. 6.74 Rgn%(
24 Lie 27 +4 Average earliness

in flowering . 2.00
Delay = +

i-arly
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FIG.64, EFFECT OF SEVERE STRAIN OF PVOV ON GRowTH fWAMETERS
PER PLANT ON 12 CULTIVARS
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Delay in flowering was from 1-16 days. On an average 6.74
days delay in flowering was observed in most of the geno-

types .

Genotypes, GA 960, Chincholi, SC 127968, LEG 28,
Line 6 Green Sel-2, Line 8 Green Sel-3, Perennial Conical
and X 206 the flowering was delayed by 10-16 days. However,
in Gouribidfcinur, X 196 and X 200 there was 1-5 days earli-

ness in flowering was noticed.

2) Effect on height of the plants

Ihe height of the inoculated genotypes measured
after 90 days of inoculation. An per cent reduction over
healthy was calculated ana presented in the Table 22. All
the cultivars varied signifijo«tly in most of the charac-
ters. The statistical analysis showed that the genotype,
IJO 127970 showed the hipest (p5»13 per cent; reduction in
height. The least reduction of 5*54 per cent was observed in
lentha C-1 (Top), H”sore selection, NP 46A and Nyamati. The
genotypes, Byadgi Dabbi, Gapsicuio chinense, liC 127968,

127S69, di 127770, tC 127974, -X 127975 and EG 137971
showea more than 50 per cent reduction in their hei”™t due

to infection (Fig.65>*
3) affect on girth of stem

Table 22 shows that all the genotypes varied signi-

ficantly. Genotype £C 127968 showed maximum reduction
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(42.33 per cent) in its girth differing significantly from
the others. The least reduction waa in perennial conical
(5.5 per cent;. Genotypes viz.» Byadgi Dabbi, EC 127968,
EC 127970, EC 127971, DH 7-6-6, Une 7 Green Sel-2, Une 8
Green Sel-3, X 206 and X 210 showed more than 30 per cent
reduction in their stem girth differing significantly frcn

others.
4) 1Jf<:iOt on number of leotyes

dere also all the genoti/pes differed significantly in
the proauction of number of leaves due to infection. Genotype,
LiU 27 showed maxiicuia reduction (74.07 per cent; in number of
leaves. Line 7 Green 3el-2 showed least reduction of 4.4 per-

cent only.
5) effect @Q green wei,cjit of leaves

The statistical analysis showed significant reduction
in the green weight of leaves in notst of the genotypes. EC
127970 showeo maximuiE reduction (83*5 per cent) in its green
weight of leaves significantly differing from the ottiers.
iiC 127967 showed least reduction (33 »0 per cent) in its green
weight of leaves. In most of the genotypes, severe isolate
of PVB/ significantly reduced the green weight by more than
50 per cent.
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6) I:;ffeot on dry weight of leaves

Statistical analysis of the data showed that geno-
type Lj* 28 showed 16.7 per cent reduction which is least
affected thai other genotypes. Maximum reduction in dry
wei*ht wae in X 206 (79.36 per cent) followed by DH 7-6-6
("77.14 per cent; which differ significantly from the others,
however, there was more than 60 per cent reduction in dry

weight of leaves in most of the genotypes.
7) l:;ffect on number of branches

The severe isolate of PVBV significantly reduced, the
number of branches in most of the genotypes. Sankeshwar
showed significantly greater reduction (56.44 per cent) in
the number of branches than the others. There was no re-

duction in the number of branches in X 200.

In some genotypes there was stimulation to produce more
number of branches. Genotype X 197, showed maximum increase
(71.66 per centy in number of branches. G-4 showed only 0.9

per cent increase in the number of branches.

b> -affect on number of fruits

The severe isolate completely inhibited the production
of fruits in DH 7-6-6 and EC 119981. Mysore selection showed

least reduction of 15*41 per cent in the number of fruits.
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In most of the genotypes the reduction in number of fruits

was significantly more than fifty per cent.

Effect on green weight of fruits

It can be seen from data that in all the genotj*rje there
was significant reduction in green weight of frtjits and the
genotypes differed significantly from each other. 3enotype,
O 127975 (99.44 per cent) showed maximura reduction in its
green weight of fruits and least reduction was found in
i'lysore selection (14.1 per cent). Generally the severe
isolate reduced the green weight of fruits by more than

7*>-80 per cent.
10) Effect on dry wei™ht of fruits

There was maximum reduction of dry weight of fruits
in the genotypes EC 119981 (99.2 per cent;, iC 127970
(99.2 per cent), liJ 12797i? (9y.O per cent), LEG 27 (98.63

per cent), LEG 28 (95*41 per cent), and Line 7 Green Sel-2
(90.53 per cent).

Least reduction in dry weirht, was noticed in Pusa
Jwala (16.13 per cent; aid Mysore selection (32.66 per cent).

By seeing the Table,it is clear that there was generally

60-70 per cent reduction in dry weight of fruits in most of

the inoculated genotypes compared to their healthy controls.
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11; i~ffeot on length of fruits

Here also there was significait reduction in the
length of fruit in imost of the genotypes. Sankeshwar
showed maximum reduction of 70 per cent in length of the
fruits significantli® differing from the other genotypes.
The genotype line 15 Green Sel-2 showed least reduction,
of 3.85 per cent in fruit length followed "by Kyamathi,

Mysore selection, Perennial Conical and 1-entha G-1 (Top).
12) i:.ffect on root length

Ihe gbiiotype, 127975 showed sigpificant reduction
of 41.5 per cent in its root length. Line 7 Green Sel~2

Ehoweo least reduction of 11.04 per cent (Fig.66).

13 ) Lfffect on fresh weight of root

All the genotypes differed significantly in their re-
action to the severe isolate in fresh weight. There was maxi-
ffium reduction in fresh weight of root in genotype, Line 8
Green Sel-3 (87.6 per cent) significantly more thai in othars.

46-a showed least reduction in its fresh root weight, of
20.50 per cent. In general, in all the genotypes, this
isolate signific tntly reduced the fresh root weight by more

than 60 per cent over the control.



Fig.

fig.

loc 65. 7iT« OaPBlettB anmma oultlTars showing soBale
Bottling and stunting on inoeulation with
severe strain of P7BT

Oultifars froa leftto rigirt

1. S3 157971 3*1 196
Byadgi Dabbi 4. Pentha C-I(Top)

5. Mysore Selection

Ho. 66, Piis£. annuum oultiTars showing roots
stunting on inoculation with severe strain
of PTBV compared with healthy ones

Oultivars froa leftto right

1, BO 137971 3. X 196
2. Byadgi Dabbi 4, Penth O-I(Top)
9. Mysore Ssleotioa
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14} affect on cirv weight of roots

Table 22 shows that all genotypes varied agnifi-
cantly. Mong these, the virus had least effect on Perennial
Conical (6.45 per cent) and differed significantly from the
others. Genotypes, Mysore selection (21.02 par cent) and
ii't 46-a (3i»7 per cent) diowed least reduction in dry weight
of roots. Generally there was more than 40 per cent rednct-

iou in dry weight of roots in most of the genotypes.

15> Stlljii-ilOLOGi

A) 1l-opulatiap dynamics of different aphid species and
aphid vectors on Hebbal Farm
oince most of the viruses studied are known to te

tranenitted ty aphids, in order to know the prevalence of
different aphid species and aphid vectors on Hefbal farm,
aphids were trapped dtdly and collected once in five days
from 17th /xarch, 1780 to 12th March 1981. A nodified funnel
trap (JTig.4 and 5) was used to trap the aphids. Different
aphids were identified and counted, population of individu €L

apecies are presented in Table 23 (Fig.67).

In the period of collection, thirty two different aphid
species were encountered on the farm. Population of Aphis

craccivora was maximum followed by A.gossypii, Arhis spp..
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A.fa”ae, hyzus persioae, A spiraecola and Myzocalli s

polychaetu s and others as presented in the Table 23.

jAphids viz., Rhopalosiphum nymphaeae« Heomyzus
circumflexu s> Hyalopterus pruni, unidentified Horma-
phidinaet qresnidea (Greenidea) artocarpi (West Wood),
Jhactynotus (“Tromelan / compositae Theobald were trapped

one individual each in a year.

from the'*ablc, it is clear that the flight of
A.craccivora con Ild be seen troe sth Septemter to 1st May.
its fIxt*ht was absent dnrir.® May to August 1980. Its laaxi-
muili flitiht was during ijovernber 1760. lopulation of
IKMossypii was uniiorm through out the year and showed
maxiiflum population during lioveaber to March. Aphis fabae
was observed through out the year but it was absent bet-

ween 11th May and 10th August.

Population of i:4yzus persicae was completely absent
from 1st May to 25rd September 1980. Otherwise its fli"t
was observed througjiout the period though irregular. In

most of the aphids, peak period of flight was during the
months of November, March and April of 1980.

irom the collected a]”id species aphid vectors of

plant viruses were separated based on latest references
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made by Garter (1973)» Mandahar (1978) and Maramorosch
(1969). The data presented in the Table 24] depicts that
seventeen aphid species out of the collections, are known

to be the vectors of plant viruses.

-linong the vectors, maxiinum population was that of
A craccivora followed by A.goss.vpiit A»fabae, M»persicae,
A.spiraecola, Hhopalosiphum maidiSi R.padi, Hydaphis
coriaadri» liysteroneura setariaCj A.neriit 3revicoryne
brassicae, Toxoptera citricidus, T.aurantll. Anasturtiii

R.nymphaeae. KeoiE.vzus circuceflex™s and Hyalopterus pruni.

Among these vectors, M.persicae has been reported
to Ik the first in transmitting maximum number of plant
viruses followed by A.fabae, N.circumflexus» A.gossypii«
B.brassicae, craccivora, A.nasturtii, R.maidis. A.splrae-
cola and others (Table 24). On riebbal fariu, GW, PVI4V, PVY,

TiiV and FV3V were found on Capsicum cultivars.

The coliectea aphids at five day interval were again
classififea in to totul number of aphids, aphid vectors of
plant viruses, and vectors of chilli viruses and important
indiviuual aphid vectors reported so far, are presented

in Table 25.

Weather data regarding rainfall, minimum and maximum

temperature, relative humidity at 07.20 hr and 14.20 hr,
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wind speed, sunshine and evaporation during 1980-81 was
collected from mgteclologico'oservatory at Main Research
Station, Hetbal, arjo average for every five days was cal-
culates and presented in Table 26. Correlation ooefficient
between weather conditions and total population of aphid
species, aphid vectors of plait viruses and individual
important vectors was statistically analysed and the re-

sults are presented in Table 27 (Fig.68).

a; Total population of aphid species

The res’ilts indi.” ate that there was a positive corre-
lation betwesn total aphid population and aaximun and minimum
temperature, relative huruiditj® at 07.20 and 14.20 hrs, sun-
shine and evaporation at one per cent level. Rainfall was
positivtly correlated with the total aphid population but was
not significant. Wind speed had a highly significant nega-

tive correlation with the total j~hid population.
b; Total population aphid vectors of plant viruses

There was positive correlation between total population
of aphid vectors of plant vin’ses and relative humidity at
07.20 and 14.20 hrs, but was signifiCcint only with minimwm
temperature. Rainfall, maximum temperature, wind speed,

sunshine, and evaporation showed negative correlation with



Table 26: Weather data of Hebbal farm from 17-3-1980 to

Cate

17-5-80
22-5-30
27-5-80
1-4-80

6-4-80
11-4-80
16-4-80
21-4-80
26-4-80
1-5-80
6-5-80
11- 5-80
16-5-80
2175-80
26-5-80
31-5-80

5-6-80
10-6-80
15-6-80
20-6-80
25-6-80
30. 6-80

5-7-80
10-7-80
15-7-80
20-7-80
25-7-80

Rain-
tell
(mm)

17-5-1981 (Average of five days)

Max.
temp.

0g

30.
32
33
31.
31.
31.
35.
32
33.
34.
32.
33
33.
33.
35.
33.
28.
29.
28.
29.
29.
29.
217.
29.
29.
30.

28.

88

.66
46

94

84
98

56

.60

98
18
80

.40

20
72
56
16
18
22
86
08
06
20
98
70
86
00

00

Min.
Temp,
0q

17.60
14.80
17.30
19.56
18.72
20.90
21.50
21.64
22.12
21.96

21.46

21.84
21.40
21.44

21.98

21.12

20.30
20.34

20.30
20.52

19.64

20.10

19.76
20.86
19.60
20.14
19.94

R.H.at
07-20
Uours

%

83.00
73.00
70.00
77.60
79.80
85.80
66.60
72.00
85.20
81.60
92.40
83.60
85.20
89.40
82.60
88.00
94.60
92.40
90.80
91.80
92.80
91.80
92.80
98 .00
95.20
92.80

94.40

R.H.at
14-20
hours

%

28.00
17 .20
23.20
41.80
40.80
35.80
26.20
45.20
56.20
57.20
45.20
44.60
46.00
49.20
30.00
47.00
70.00
66.80
64.00
59.20
58.80
57.00
69.60
63.00
68.20
63.40
68.40

Wind
speed
kmph

7.52
5.78
5.90
6.36
5.06
5.82
5.34
7.10
6.36
6.50
7.08
6.08
5.84
8.34
11.C6
10.04
11.33
17.20
12.46
14.90
18.52
16.60
17.98
17 .78
14.50
13.18
14.08

Hrs.of
b rint
sun-
shine

8

8.92
10.34
10.30

8.94
8.30
10.80
8.20
9.66
8.78
8.72
.04
9.16
10.00
10.98
7.16
3.20
6.26
3.06
2.20
5.58
3.84
3.18
5.74
7.14
7.54
4.16

160

Evapo-
ration
mm

7.76
9.38

\‘

.82
.38
.30
.16
.52
.00
90

o1 o0 N O oo @

.22

.50
.40

o o °©

9.10
6.90
3.48
5.48
5.24
4.14
6.60
5.82
4.08

5.14
4.94
4.06



30-7-80
5-8-80
10-8-80
15-8-80
19-8-80
24-r8-80
29-8-80
3-9-80
8-9-80
15-9-80
18-9-80
23-9-80
28-9-80
3-10-80
8-10-80
13-10-80
18-10-80
23-10-80
28-10-80
2-11-80
7.-11-80
12-11-80
17-11-80
22-11-80
27-11-80
1-12-80
6-12-80
11-12-80
16-12-80
21-12-80
26- 12-80
31-12-80

1.34

6.78

0.58
.84
.10
.62
.00
.00
.86
.52
.26
.00
.00
.00
.84
.00
.00
.00
.94
.34
.56
.00
.00
.00
.00
.00
.00
.00

O O OO OO OO0 Ul kP OO0 OUgrl OO ON Ul g1 © O F - b

28.55
27.53
29.26
28.58
28.15
27.36
28.78
28.22
28.50
29.24
50.36
50.18
29.10
28.96
29-70
29.40
27.72
29-96
27-72
28.72
29.28
27.88
24.54
25-46
27.36
27-25
25.22
28.58
28.06
27.34
27.52
27.10

Table 26

19*52
19.20
18.94
19.58
19.93
19.20
19.10
19.26
19.56
18.98
18.44
19.94
19.68
19-52
17-72
20.26
18-92
19-74
18.50
15-50
17.24
16.92
19*18
18.32
16.66
15-38
15-86
14.38
14.70
13-56
15-80
16.92

- (Contd. )

93*00 65.80
96.70 64.80
95*20 52.60
94.00 63.80
95.50 59.00
94.40 61.60
94.60 60.40
90.80 56.20
90.00 65*60
90.20 50.60
83*00 47-40
92.60 54.80
93*40 57-40
95*80 62.20
34-40 48.00
94.40 57.80
86.00 53-80
94-80 54-60
89.60 50.20
86.40 34.40
86.60 42.00
90.20 58.60
98.40 79.60
96.40 61.00
99*00 46.80
87-00 38.50
89.80 57-00
85-00 34-20
95*20 39.60
94.20 48-20
88.00 49-60
86.20 43-20

14.20
14.50
12.80
12.60
13.73
15*40
12.16
12.32
9.18
9.10
10.36
6.62
5.04
4.80
3.78
5-96
4*76
6.68
3.92
5.10
5.38
6.84
8.42
5*92
5*34
5-53
6.42
3.64
5-28
5.80
5.14
7.16

161

5.18
3*30
6.74
5-40
6.25
5.26
7.69
6.30
5*38
5.96
8.34
6.40
7.98
6.50
9.70
8.12
3*98
6.10
8.62
10.44
9-44
7.94
1.98
5-80
9.70
9-18
7.70
9.66
9-98
9-96
7*14
7.32

4.12
4.08
5*68
4.76
5.03
4.14
5.16
5.26
4*78

6.48

4.38
4.06

5.10

2.46

4.50
4.80
4.96

4.14



5-1-81
10-1-81
15-1-81
21-1-81
25-1-81
30-1-81

5-2-81
10-2-31
15-2-81
20-2-81
25- 2-81

2-3-81

7-3-81
12-3-81

Total

Average

0.00
0.24
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
3.36

27 .55
29.42
26.42
26.26
28.78
27.98
30.28
30.24
31-42
29.50
30.72
33.02
32.30
32.54

Table 26 -

15-22
13.54
16-52
16.46
16.26
15.62
13-81
16.66
18.20
11.24
12.56
14.26
15-76
19-22

92.20
88.80
94.00
96.60
95-20
98.00
95-00
94-60
89.40
74.20
86.00
66.00
78.60
79.00

(Contd.)

41.80
34.40
54.80
55-80
46.60
46.60
42.66
49.80
37.60
22.20
33-40
26.40
22.20
43-00

6.46
4-30
4.26
6.28
5-28
7.26
5-57
5.96
4-38
5.94
7-20
7.18
7.90
7.26

9.74
10.24
8.00
7.02
9-56
9-82
10.35
10.14
9-78
11.04
11.10
10.74
10.40
9-78

162

5.04
4.52
4.14
4.10
4.52
5.08
5*55
5.52
5.50
7-46
8.10
9.12
9.14
7.60

151-27 2168.47 1338.38 5481.80 3576.56 662.97 566.14 395-45

2.0729-701



Table 27 X Correlation of population dynamics of total
population of aphids species and some aphid
vectors of chilli viruses with meteorologi-
cal factors during one year period of 1980-81

on Hetbal farm

Meteorologioal factors

3

1. Total Dotjulation of aphid speoies

1 Rainfall +
2 Maxiniura Temperature +
3 Minimun: temperature +
4 Relative humidity at 07.20 hours +
5 Relative huuiidity at 14.20 hours +
6  Wind speed km ph -
7 Hours of bright sun shine

8 Evaporation . +

2. Total population of aT)hid
of plant 'Tiruses

Wind speed km ph
Hours of bright sunshine -

1 Rain f tin

2 Mexiffiuffi Temper atur e .. -
3 Minimum Temperature..

4 Relative Humidity at 07 .20 hours +
5 Relative humidity at 14.20 hours +
6

7

8

Evaporation

vectors

0.013*
0.25*
0.98*~*
0.012*"®
0.02"
0.68**

0.04*®
0.18"S
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Table 27 - (Contd.)

2 3
3. Total population of aphid vectors of
chilli viruses
Rainfall = 0.03"2
Maximum Temperature.. - 0.27*
Minimuai Temperature.. - 0.13"A
Relative humidity at &7 .20 hours + 0.10"M\"
Helati® humidity at 14.20 hours + 0.28*
Wind speed km ph 0.61*"
Hours of bright sunshine - 0.003"A
Evaporation 0,66**

4. Population of Aphis oracoivora

Rainfall - 0.08M
Maximum Temper ature.. - 0.26*
I'iiniiiium Temperature.. - 0.03™'5
Relative humidity at 07.20 hours 0.167'S
Relative humidity at 14.20 hours + 0.056M"
Wind speed km ph 0.55**
Hours of Ixight sunshine - 0.013*%
i;;vaporation - 0.23*
5. Population of Aphis «ossypii
Rainfall — 0.0INS
Maximum Temperature.. - 0.44" +
Minimum Temperature. . - 0.12’(}7’|i3
Relative humidity at 07.20 hours 0.04"®
Relatiw humidity at 14.20 hours 0.08~N
Wwind speed km ph 0.43*A
Hours of bright sunshine - 0.1977
Evaporation 0.28*
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Table 27 - (Contd.)

6. Population of tehis fabae

Rainfall

Maxiiauin Temperature..

Minimum Temperature..

Relative humidity at 07.20 hours
Relative humidity at 14.20 hours
Wind speed km phi|

Hours of bri®'ht sunshine
Evaporation

+ + + +

165

O.1INMS

0.08"

0.37**
O.1I"S

0.13®"
0.48**
O.05NS

0.1471

7. Population of Auhis spiraecola

Rainfal

Maximum Teraperat’jre ..

Minimum Temperature..

Relative humidity at 07.20 hours
Relative humidity at 14*20 hours
Wind speed km ph

Hours of bright sunshine
Evaporation

+

0.15"™"S

0.25->"
0.01"®

0.05"W
0.187S
0.25%
0.18”1
0.19%~

8. Population of Aphis spp. (Total)

Rainfall

Maximum Temperature..

Minimum Temperatur e ..

Ktlative humidity at 07.20 hours
Relative humioity at 14.20 hours
Wwind speed km ph

Hours of bri®;ht sunshine

Evaporation

+ + + + +

0.04*W
0.75**
0.51»*
0,90**
0 .32**
0.35*>
0.ie'""
0.055"™
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total population of aphid vectors of plant viruses tut
was significc«t only with maximum temperature and wind

speed.

c; Total -pOTjulation of reported aphid veotors of
ohilli viruses

Here, total population of aphid vectors transmi-
tting chilli viruses were calculated and correlated with
weather data. Results show that thsre was positive corre-
lation tetwesn total population of aphid vectors of chilli
viruses and relative humidity at 07.20 arid 14.20 hrs but
was significant only at 14.20 hr aid not at 07.20 hr. Rain-
fall, maximum and minimuic temperature, wind speed, sunshine
and evaporation showed negative correlation with the total
population of aphid vectors of chilli viruses tut only
maximum temperature and evaporation showed significant

correlation. '
idy & (e; ropulatxon of Aphis craccivora aid A.Mossypii

I'op’jlation of cracoivora and u.goss.vpii showed
positive only re/dcL”c A  DbT”Lo
and 14.20 hrs, tut was not significant. Population or

craccivora and A.Mossypii was negatively correlated with

rainfall, maximum and rainimum temperature, v.-indspeed, sun-
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shine md rate of evaporation, but only maximum tempera-

ture, wind speed and evaporation showed significant corre-

lation.
f) Population of Aphis fabae

Population of A.fabae was positively correlated with
minimum temperature at one per cent level. Rainfall, maxi-
mum temperature, relative humidity at 07.20 and 14.20 hrs
showed positive correlation with the population of Axfabae
tut was insignificant. Windspeed, STjnshine and evaporation
showed negative correlation but was significant only with

wind speed.
gj lopulation of A;”hIN s™j;r*efo”

Population of A.spiraecola showed positive correla-
tion with rainf:d.l, relative humidity at 07-20 aid 14.20 hrs

but was insignificent.

h) Population of Aphis spr.

Here total population of all the species of Aphis was
calcnl ateu and was correlated witlri the weather factors. Re-
sults showed that waxiffium and minimum temperatures, and re-
lative humidit:y at 0?.20 and 14*20 hrs showed sigtiifi.cant

i“ositive correlation with the population of species of Aphis.
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Kainfal, sunshine and evaporation though showed positive

correlation with the to tcrl population of a Aphis species

but was insignificant.

B. Infection Pressure of Different chilli viruses
on Hetbal furm dur Jfe 19So0-81
This stua™ was maue to Know the occurrence of diffe-
rent viruses on the faria at different periods during the
year. Galiforriia Wonder plants were used as trap plants
throufout the studj? and the, infection pressure of diffe-

rent vxruses on the larm is presented in the Table 28

It was found thtt tot 11~ five aphid transrflitted and
two {TRSV and TSWVj, non-a”.hid tr anstcitted viru ses occurred
during 1980-61. jiEong the aphid transaiitted virusesi maxi-

mum si“ead was due to I'A foiiowtu by G-V, i WWf PMW and

ThvVv.

Thtre were two peak periods of infection by all the
aphid borne virust,a on the farm during the year, one was
during the months of March, April and May and second was
durinj, the months of October, November, December and Janu-
ary. There was least pressure of infection during the
month 3 of Juli, August and September on Hebbal Farm. Infec-
tion prtst'ure ol jl1 aihic transmitted viruses followed al-

ffiott a similar pattern. Th-re was constent occurrance of
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P7BV aiid PVX tnroughout the year. Incidence of PVW and
GW was not found in the month of June and July resp”ec-
tively. Infection pressure was least in TEV which occurred

only during the iconths of March, Octocer and DecemlDer.

further, to know the relation between different aphid
population arid infection pressure of different viruses dur-
ing different months oi' the year; total population of aphid
species, aphid vectors of plant viruses as reported, aphid
vectors of chilli viruses and the important aphid vectors
were grouped and presented in the Table 29. Correlation co-
effijients bttwe~n infection pressure of total aiid individual

vir’jses was worked out and the data are presented in Table 30

By observing tirie population of total nuinber of aphids
and aphid vectors during different ncnths of the year, it
IS found thit the infection pressure of all the aphid trans-
mitted viruses at different months showed positive correla-
tion with the total population of aphids, aphid vectors of
plant viruses, aphid vectors reported as of Capsicum viruses,
Aphis cracciyora, A.goss.vpii, A.fabae, A.spirecola and total
number of Aphis spp., however, it was not significait. Simi-
larly infection pressjre of IVbV at different months also
showed positive correlation. Infection pressure”®, of PYW
during different months showed positive correlation only

with the population of total number of aphid species™aphid
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vectors of plant viruses, A.fabae, A.spirecola and all of
/iphis spp. Potato virus-Y showed positive correlation

onl™ with the population of A.spiraecola aid total popula-
tion of Aphis spp. j33d OW showed positive correlation only
witn the total population of aphids, aphid vectors of plant
viruses, A.7ossypi, Aspiraeoola and of aphis ~p. Infect-
ion pressure of TtV was positively correlated with the popu-
lation of all the aiiiids and aphid vectors as shown in the
lable 30, but showed significant relation only with the popu-
lation of aphid vectors of plant viruses, chilli viruses and
A.cracoivora. Wb correlation was found with the population
of Myzus persicae which occurred irregularly only from 23rd
Septeinber to 7th Merch. Only A.cracoivora, A.gossypii and
A.fabae were found to be in large numbers throughout the
year. Howeyer, A.gossypii an early appearing aphid vector
occurred in tremendous numbers and showed marked coincidence
between its population ana occurrence of viruses in the field,
iresent studies showed that all the aphid trananitted viruses
were recorded earlier than the appearance of aphid vectors

in large numbers.

C. Mature of spread of in the field

jiarlier experiments showed that the most severe virus
of Capsicum in Aarnat-ka was . Therefore its nature of

spread in the field was studied in four crop periods viz..
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March-May, June-August, September-Kovem ber and Deoember-
Fe'bru ary where from -lanting to end of the experiment in
each crop perioo was 3 months. The results are presented
in the Tables 51, AL B, C&D. It is clear from the'fables,
that there was generally 1 to 5 per cent diseased plants
with a Single infeotor plant in the centre, after 24 to
36 days of planting of the chilli in each of all the four
crops taken in one year. After 37 to 42 da™s of planting
the spread of was 8 to 21 per cent. It was 38.5 to
60.5 per Cciit after 67-75 days of planting, and maximum
spread was found in March to May crop (60.5 per cent) and
least was in September to November crop (38.5 per cent).
After 90 days of planting, the spread of IVMV was 60 to
70.5 per cent. Maximum spread (70.5 per cent) was found

in the March to Ma* and June to August crops as compared

to other periods (i"ig.70>.

I ) Rate of spread ot ITtIV

Katj of spread of IWiV in the chilli crop tak&i in
four periOQs during 1980-81 was calculated once in five
days by using Van der Plank's formula as discussed in
Material and Methods. The results are presented in the

Table 31 (Fig.71).

It can be seen from the Table that generally the

spread was more in the beginning (Fig.70). From 24 to
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36 days after planting of chilli, rate of spread was 32-36.54
per cent per day. From 37 to 42 days after planting the rate
of spread was 4.03 to 13*46 per cent per day. It was only
2.09 to b.21 per cent increase in diseased plants per day
froL, 67-73 days after planting but still the rate of spread
was high i.e. 5.99 to 6.21 in June to August and September
to November crops. After 90 days of planting, the rate of
spread of in the Gapsicuc: crop taken during March to
May, September to Iovem ber c¢*nd Loceinber to February, came
down to 1.64 to 2.2 per cent per day, but it was stall high

in June to Augu -t crop compared to in other periods.

ii; lattern of spricd of IWV i-n the Gansicum field

To know the nature of spread, actual number of doub-
lets or pairs of diseased plants were calculated once in
five days. And by using Van der Plank's formula as dis-
cussed in Material and Methods, expected nuinber of doublets

were calculated and are presented in the Tabl,e 31*

Results show that, in the beginning, i.e. from 24-36
days after planting, the actual number of doublets were
found to be lesser than the expected number of pairs. That
me~ns, in the spr'=ading stage, IWV behaved as if it spread
froffi out side the source of inoculum. Ilaimediately after

next five days it provea that the spread was found to be
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internal in all the four crops periods during 1980-81.
Ihereafter, at subsequent five day interval up io 90 days of
planting, counted doublets always showed significantly more
than the expected number of pairs indicating that the

sprtcid was within the crop (Fig.72 and 73 )e

iii) ijomaon aphid species found in Gap_“icum plot
on the farm

Prom each crop taken once in three months during
1960-81, totally ten alate aphids at random were collected
and identified to know if there were any aphid species
introduced from outside than the ones liberated in the
beginning of the experiment. The results are presented in the
Table 32. From the "able, it is clf~r thet there were totally
eight different species prevalent on chilli crop on Hebbal
farm.  Aphid, Aphis craccivora was found in maximum number
in all the four jrops followed by A.gossypii and Myzus
persicae. There was no A.fabae during June, July and
August 1980. Others™ were ...spiraecola, Hysteroneura
satariae, Rhopalosiphum rufiabdominalis were found only

-ip

during September, October and November.

D. x"ffect of infection of PUW on chilli
plants of different ages

Ihis was st’jQied to know the effect of age of infec-

tion of plants on their agronomic parameters in the field
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Fig. Ho. 73. Oapaioun aamma ot. BjtAgL Kaddl e h IlIll
plants infeeted wItbh PVM? in tbc fie ld

(field Spread)
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Therefore plants of Byadgi chilli, during the course of
spread of PMAV from a single infector plant in the centre
of the plot, were tagged whai they started showing initial
symptoms on 40-45, 70-75 and 30 days after planting and
grouped into three classes. Finally 90 days after plant-
ing in the field, height, girth of stem, numter, green and
dry weight of leaves, numter of tranches, numter, length,
green and dry weight of fruits, length, fresh and dry
weights of root were otserved and analysed statistically

and the data are presented in the Tatle 53.

The infected plants showed considerable reduction in
most of the growth parameters (Fig.74 and 75)* But the
plants infected at 40-45 days showed maximum and signifi-
cant reduction in growth and yield characters followed by
those of plants infected at 70-75 days (Fig.76). Later in-
fection did not sigciificai tly decrease the growth of plants

compared to healthy plants.

The interaction, between age of infection x crop
period did not show any significant effect on growth of

chilli crop.

h. 1™ssessment of loss in yield of Gajgsicum annuum cyr.
Byadglkaddi due to PMW in the field

This experiment was conducted to know how much loss

would occur if PVI4V spreads from a single infector plant in
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Fig. No. 74. Oapsiotta annuua ot« Byadgl Kaddi synptoiu
on plants Infeeted with PVMT*
froa le ft to right. all art of ax9

1 m Roalthy
21 Infeottd on 90 day aftor planting

3 " " 70-75 day aftar planting
4 " " 40-45 " » "

Fig, Ho. 75. 0 annutta or, Byadgl Kaddli stunting of

xoota of plants Infootad with PYM7

?roB la ft to right, all ara of saaa aga
1 « Healtby

21 Infaotad on 90 day aftar planting

3 * " " 70-75 day aftar planting
4 . " .«  40-45 " " .

Fig. lo. 76. £« annuua or, Byadgl Kaddl total nuabar of
o h Ilii fruits par plant Infactad with PVHY
Frpa le ft to light, all ara of saaa agt

1 « Fruits froB healthy plant

2 * plant Infected on 90 day a fter
planting

3 « Fruits froa plant infected on 70-75 day
after planting

4 »* Frulta froa plant infected on 40-45 day
after planting
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the centre of the plot of 100 plants emd develops into an
epidemic during three months' crop period. The experiment
was repeated four times during 1980-81 on Hebbal farm with
proper controls. At the end of each period, yield of green
chilli per hectare was worked out and the results are
anali“seu and presented the Tatle 34 (I'ig.77). Average
green jjield of chilli per plot with one infector plant of
P/w'/ having with incidence by the end of experiment
gave 821.75 kg/ha, and was significai tly lessar than the
yield from the plot having no infector plant with 17.3?S

incidence recording 1237-87 kg/ha. Therefore, it accounted

for a loss of 416.14 kg/ha of green chilli in the CVvr .
Byadgikaddi.
Jhilli crop taken during the period from DecoanlDer to

February significantly gave lower yield than the other three

crops.
14; j;tiolDY™.y of Murda malady of chilli in Karnataka

Luring the survey of chilli mosaic diseases in five
extensive chilli yrowing districts of Karnataka, thi s malady

was discusaea with the farmers and acquainted with the
uiiferent terminolOi~:Mdifferent symptoms of this disease in

Karnataka. Based on this background, young leaves of plants

with ‘i-iurda*, symptom were carefully collected and brought
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to the laboratory. Atotal of two hundred fifty three
isolates showing malformation of leaves and stunted growth
of plants were collected from different fields of five

districts, Dharwad, Belgaurn, Shimoga, Mysore and Oulbarga.

a) ldentification of sap transmissible plant viruses
from the collected isolates

The total of 253 isolates showing ’murda’ syndrome
in the farmers field were collected and numbered and sap
inoculated on (Jalifornia Wonder chilli plants. Out of these
65.13 per cent isolates were successfully transmitted in-
dicating the presence of sap transaissitl e viruses causing
*hurda' synorome in the farmers field, and 34.87 per cent
isolates were not transmitted indicating the presence of
non-sap tr ansmistiible agents in the field. Among the dis-
tricts, Dharwad collections showed 72.05 per cent transmi-
ssion and least percent afft of trananission of 57.89 per-

cent was obtained with the isolates from Gulbarga district.

iurther identification of individual viruses were
made based on the Key usea for the mosaic causing viruses
in the present studies. The results are presented in the
Table iI'urther confirmations of these viruses were made
by studying the physical properties, insect transmission,
serology and electronmxcroacop;/ of the representative groups

of the viruses. Table shows that out of 253 isolates
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51*07 per cent isolates belonged to GM7, 10.41 per cent to
P'/Y and 23*65 per cent to P7MV. Out of 68 isolates colleo-
ted from Dharwad district, 35.83 per cent isolates belonged
to P7TMV, 25 per cent to OW aid 15.24 per cent to PVY.
Therefore in Dharwad district maximum isolates showing
Murda' syndrome were due to PVW followed by Cw and PVY
which were sap transmissible viruses. Maximum isolates
from Belgaum, Shimoga and Gulbarga showed CWV followed by
P(MV and PVY. Maximum isolates from Mysore i.e. 57.84 per-
cent isolates, belonged to CM7 followed by PVY and PVMV.

Symptoms of each of these viruses on California Wonder
and Byadgikaddi has already been described in detail under
Capsicum viruses. Abrief description of symptoms of each
virus on California Wonder and Byadgikaddi is presented in

the Table 36 (Figs.7«, 79 aid 80).

Out of 253 isolates collected from the field 54.87 per-
cent isolates were not transmitted to California Woilder
seedlings. This showed that there might be other factors
like thrips* mites™etc ., which are reported to be the causes
or due to other unknown factors in the field. So each

factor was tested for the production of Murda syndrome.

b) Effect of Scirtothrips dorsalis

Both adults and nymphs of 3.dorsalis were found in
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sheltered boat shaped curled leaves and leaf buds. Young
ones were found mostly on tender leaves. Most severe
damage was observed on tender stems, buds and young leases.
The characteristics curling of leaves was seen eight days
after infestation with thrips on Byadgikaddi (Fig.81).
Dorsal curling, the most important symptom pi*duced by
thrips, appeared on 16th day of infestation on plants. The
other characters observed were interv”al wrinkling and
puckering of leaves. After 20 days, almost all young leaves
showed peculiar curling. Thrips also feed on flowers and buds,
vhich dropped off. Inoculation with sap from such leaves

infested with thrips to California Wonder plants failed to

produce the symptoms (Table 36).

c) Lffect of mites, Folypha”otarsonemus latus

Young mite infested plants were observed by keeping

them separately in small plastic i cages (Fig.8) and daily

records were made.

Yellow chlorotic grains on the young leaves were the
first symptoms produced by mites. They caused downward cur-
ling of the lamina to the ventral side on 15th day (Fig.82)
of infestation. Such curled leaves were thicker and brittle.
Later these became brown in colour and exhibited burnt
appearance. Such curled leaves showed more elongated petio-

les than the healthy leaves. Plants were stunted. After
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15th day of infestation these curled leaves started dry-
ing. Sap from such leaves on inoculation to healthy

California Wonder and jbyadgikaddi plants did not show any

disease symptoms.

Such infested plants by mites and thrips vhen
sprayed with 0.2% Kelthane and Rogar, showed significant

recovery and proauced healthy leaves after 15 days.

Therefore, the present analysis of etiological agents
of ’Murda’ revealed that there were three viruses involved
in the farmers field to canse ’Murda' syndrome, aid the pre-
sent artificial infestation of mites and-|farips also proved
the syndrome found in the farmers’ field. A comprehensive
descriptions of symptoms toy each agent on California Wonder
and -tJyadgikaddi are presented in the Table 56. *Murda’
syndrome was found to be due to individually or together
of pn, I7M\r and COW, mites and thrips. Especially the
plants infested at 40-45 days by each of the virus showed

Murda’ syndrome.

15> Preservation and storage of Capsicum viruses

The inoculum for all viruses was available by Janu-
ary lysO. Deepfreezed or lyophilized ampoules were prepared

for all the viruses in February 1980. Per cent retention of
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infeotivity, tested on young seedlings of California Wonder
was made, in the Iseginning, once in 13 days. The results of
retention of infeotivity at different intervals by each

virus upto 450 days are presented in the Table 37.

It is clear from the table that the infeotivity of
JVY, PTBV and PViyl/, was retained upto 130 days when fresh
leaves were stored at -20°G. Infeotivity of TEV and QW
was retained upto 120 days, TRJVto 60 and TSWV to 45 days
of storage. Here when fresh leaves were stored at -20°C

TSWrr completely lost its infeotivity after 45 days.

When standard leaf extract of each virus in buffer,
stored directly at -20°C, most of the viruses lost their
infeotivity earlier than the leaves at -20°C- PVBV and
PVMV retained their infeotivity upto 120 days, PVY to 60,
TEV to 45, OW to 45, TRSV to 30 and TSWV to 30 days. CMv,
THSV and TSWV lost th”ir macimum infeotivity in 30 days
of storage in buffered leaf extract whereas PVBV, TEV and

TW lost their maximum infeotivity in 45 days of storage.

Viruses stored in lyophilized condition at -20®C
retained their infeotivity for longer time than the above
two methods. PVBV, PVi4V and TLV retained their infeotivity
upto 300 days, and PVBV and PMMV viruses lost their maximum

infeotivity after 180 days of storage whereas TEV showed



Table 57s percentage retention of infectivity of different
Carsicum viruses by different methods of storage

Method Hays of storage
- 01 pre-
Sl. Virus servat-
No. ion 15 30 45 60 120 I1SO 300
1 FWY A 70 80 50 40 20 10 00
B 50 30 20 20 00 00 00
C 40 60 50 20 20 20 00
D 80 50 30 70 40 40 20
2 PWAT A 100 80 70 50 20 20 00
B 70 30 30 20 10 00 00
C 50 40 50 20 20 30 10
D 100 90 80 30 60 60 50
5 PW A 90 60 60 50 60 20 00
B 70 30 30 50 20 00 00
C 70 60 40 40 50 30 10
D 60 50 90 CO 50 60 50
4 TRT A 100 100 50 20 20 00 00
B 60 50 50 00 00 00 00
v 70 80 30 00 30 40 50
D 80 80 70 30 80 50 20
5 TW A 100 100 90 80 30 50 80
B 100 90 60 00 20 00 00
0] 70 50 50 00 50 20 30
D 100 80 50 40 50 50 60
6 CH/ A 100 50 00 40 20 00 00
B 60 30 00 00 00 00 00
G 70 80 50 50 00 30 00
D 80 90 60 60 50 70 60
7 TRS7 A 80 70 30 10 00 00 00
B 60 70 00 00 00 00 00
50 40 00 40 30 20 00
D 70 70 80 60 50 50 40
8 TW A 30 40 20 00 00 00 00
B 00 20 00 00 00 00 00
! 00 30 30 00 20 00 00
D 40 50 00 00 30 10 00
notes A = Leaf material stored at - 20®C
B * leaf extract in buffer stored at -20°C
C = Liophilized leaf extract in buffer stored at
D = Leaf bits dried arid stored over CaClg at 4®C

193
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its maximum infectivity, even after 500 days of storage.
PVY and TRSV viruses retained their infeotivity only up-
to 180 days. By this method, TSWV retained its infecti-
vity upto 120 days which otherwise lost on 30th day of
storage by the above method (Fig.9A).

When the leaf bits of infected California Wonder
piunts were dehydrated over GaGI*? stored in gelatin
capsules over CaCI* most of the viruses remained active
for longer period and showed more infectivity than .>any
of the above methods. Viruses viz., PVY, PVBY, TEV
and COW retciined their icaximuin infectivity even after 450

days and TRSV and TSWV upto 300 and 180 days respectively.

tresent results show that TSW which lost its in-
fectivity in a very short period could be retained its in-
feotivity upto 180 days by dehydration of tissue aid
storage over CaClg in gelatin capsules. Its maximum in-
fection was retained even upto 120 days of storage. There-
fore, among these four methods of storage of chilli viruses,
tissue dehydration and storage in gelatin capsules over
CaGI™ at 4“Cvas found to be superior over other methods

tried here (Fig.9 B).
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The survey coaducteGi In connserjial chilli growing
areas viz.t Dharvadt Belgaum* Shiiaogai Mysore and Onlbarga
districts, which included 122 fields in 28 Tillages of
Karnataka revealed widespread occurrence of mosaic disea-
ses on Japsicua Crop. Aainimuia incidence of oosaic
disease of 11.8 per cent was recorded in Dharwad district
and a maximuoi of 37" per c:entin(3ulbarga district compared to
other areas. An average incidence of chilli mcsuic during
1979 was 53»0 per cent in Karnataka. Further disease inci-
dence varied froa taluk to taluk in different districts.
This difference may be attributed to different climatic
factors, different cultivars or cultivation practices or a
combination of both. It may also be due to variation in
plant protection practices followed the farmers. Some
did not follow plant protection practices ixom the beginn-
ing. Therefore, natural incidence of chilli mosaic would

have varied from field to field in the surveyed area.

A comparative study of disease incidence was also
made both in rainfed and irrigated fields in Karnataka. It
varied from 11.8 to 94.8 and 34*0 to 80.8 per cent in rain-
feo and irrigated fields respectively. The average inci-

dence in rainfed fields was §0.13 per cent whi®ih was lower
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than that in irrigated fields i.e. 58.35 per cent. This may

be due to increased spread of viruses due to mechanical
handling of plants during irrigation, application of manures
and different intercultural practices, which are followed

more intensively in irrigated crops than in rainfed crops.

Incidence of mosaic disease again varied in different
cultivars in Karnataka. It was found that cultivars, Kolle-
gal local, Nyamati, Konkani, Ghannagiri, Byadgikaddif Jwala,
Kasigai, Samba ana Deyanoor showed an average incidence of
25.9 to 40 per cent which is less than in other cultivars.
Guntur variety was found to be highly susceptible showing
72.1 per cent incidence followed by Dabbi Office, Lodamugali,
Umbragalli anu others. Therefore, the field performance of
Devanoor, Kasigai, ij*amati and Byadgikaddi was continued to
be good whereas Chincholi cultivar in Gulbarga showed 64.36
per cent incidence. This difference might be due to diffe-
rences in field resistance of the cultivars or crop manage-

ment practiced by the farmers and also location of the field.

Field symptoiiis of chilli mosaic in different culti-
vars varied from mild to severe mottling, vein clearing,
green vein bending, smalling and shoe string or rat tailing,
and sli™t to medium cupping of leaves, and sli™t to severe
stunting of plants. The leaf samples of diseased plants

collected from the fields, when inoculated to the seedlings
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of California Wonder and Byadgikaddi showed a marked diffe-
rences in the symptoms from those observed in the field.
Thismi~t be due to differences in the age of plants

when infected in the field or due to infection by diffe-
rent viruses, either singly or in combination. Similar
observations were made by Prasada Rao (1976) .and Pandu-
rangecgowda (1979). It may also be due to differences in
cultivars or climatic factors prevailed in the fields.
Therefore, it is difficult to identify viruses of chilli on

the basis of symptoms alone under field conditions.
Collection and establishment of virus isolates

Out of 1300 isolates collected, 80.46 per cent of
isolates were successfully transmitted and produced mosaic
symptoms on C.annuum cvs., California Wonder and Byadgi-
kaddi, indicating the sap transmissible nature of the patho-
genic agents. The maximum transmission of 91.00 per cent
was obtained with the isolates collected from Dharwad dis-
trict aid least of 61.10 per cent was with the isolates
from Culbarga. The reason for non-tr ansmission of some of
the isolates might be due to presnence of factors such as
non-sap inoculdsle leaf curl virus or due to damages by

thrips and mites (Johnpulle, 1939), associated with the

syndrow )",



198

Qoaita*, »M i<lk«BUilc>UoB of chtlU tlr»» italtUt

Initial ~oul}”la™ of th« iaolat«« aitid« fe&sed on
M1 s;”M-»ptosti m th« 1i««41ling8 of Cftliforoia wemd«r * Th«
viru* iuoiviU$» %r«r« Gat«gorlft«<l i»to nioe i*otfpa bM«4 on
fiittilarivwv dpyMea Tt syttptoess dkaAlgod 10 M
ytiQ " 01 oQ% ffionth tkttttf 1QOcttlatloa were coneid«r«d for

thia imio&i* X aitii4 groupicgs &l«» sad*
[ t U!r76) «nd 1«m(3urang*cO<»fd« (1979}
lurth«r» ¢ hilli vir*}»es QO«jld not %t id«ntificd bfts«<i

On oolr »yapto@» In th« fl«l4 m in th« fIM i*G tiM on
eingU cultivin. lh«r«for«t ioitlttll~» o b illl ilrtio«« wtro
id « G tifi« 4 tiy pftosiog a Il Hat fopr«s«nt«ti<r« i«oUt«» of
th« ~ 0'i|0 throui® th« o«l«cttd diffcr«otlal hoots r«port«4
by Irca«dafiiio 119767, 2ill« I« f} U975>» ~tte r (1972).

and liron* iltlIS3i» “eordiogl”™ nino fro«jpo
Yare i16«ntificd koa numbtrod a« O Gy 0~, 0n, 07, 0N,

Gq «od coapio* group o”.

furib«rt confiraetioa of th«t« vivm™m wfto do»« bao«d
0OQ ta% A4ett”™il«d otudiits oq bout r«tag#» tronaBlooloo i”bjroienl
pxopwtMfiSt el”™iroQ aicroacop” MtoX”gg vith the r«*

pros#i3 tativ« ifiolatt fxo!™ «ttch group*



193

Group 1

xhis virus was readily transmitted by sap inocu-
latiorj aid alLao by aphid vectors, A.gossypiit A.craccivora,
M.persicae and H.setariae and not by R.maldis which re-
sembled PVY reported by Mariappan * (1973) except -/U
H-setariae vhich is an additional vector not tried by
earlier workers. However, Jeyarajan and Hamakrishnan (1969)
reported A.gossypii as the sole vector of PVT on chilli.
IMs virus, on young leaves of California Wonder produced
vein clearing followed by an irregular and discontinuous
vein banding with slight cupping of leaves. Crinkling
and rat tailing of leaves was also seen in some leaves.
Ihe symptoms, are similar to those reported 17 earlier
workers produced by on chilli (Prasada Rao, 1976;
Pandurange Gowda, 1979; and Nagaraju, 1977).

It infected plant species belonging to the families,
/jnaranthaceae, Chenopodiaceae and Solanaceae. It produced
necrotic local lesions on inoculated leaves of Chenopodium
amaranticolenr, C.guinea aid G.album and developed systemic
symptoms on Datura metel, Physalis floridsna, P.peruvianumt
Petunia hybrid at Solanum nigrum, S.tuberosum, Hicotian a
tabacum, cvs.'White burley' and 'Xanthi', N.rusticac«

.glutinosa, C.microcarpum, G.pendulum and G.frutasoence.
It produced star shaped black necrotic lesions on detached

leaves of Solaium demissum ”A 6" potato.
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This virus group had a DEt between 1;1000 and 1:5000,
TIP between 55-60“C md LIV of 24 hours at 21-26®C. The DEP
reported by Mariappan et al. (1973) for P7Y was 1:1000 to
1,2000 arid Til of the same virus was 55°C.

The symptoms produced by this virus on Capsicmi annuua
resemded those produced by PVY on Capsicum reported by
David and Stormer (1941” and Mariappan et aj.. (1973) but
slightly differed from the strains of PVY on chilli reported
bN Raria elL (1971/ and Ragozzino et (1972). 1t also
resembled P?Y reported by Sakimura (1953 )» Jayarajan and
Ramakrishnan (1969) arid Lockhart and Fischer (1974) in its
host range and physical properties. The electron microscopy
of thfc purified preparation revealed that it consisted of
flexuous rods measuring 681 x 12.5 nm. This is in confirma-
tion with that of reported by earlier workers (Laird
si SJk*» 1764; rurcifull et » 1970; Nelson and V/heeler»
1972; and Prasad Rao, 1976), as 694 my« to 730 x 13 myu.
The slight variation in present particle morphology from
the above reports may be due to the differences in the
methods of purification followeci or may be due to strainal
variation. This virus positively reacted with the staidard
Pn antiserum indicating its relationship with PMY. There-
fore, from the above studies, this virus has been identi-

fied as a strain of PVY.
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Group 2

This virus was readily sap inoculable and tran ani-
tted by aphid vectors, M.persicae, A.goasypii and A.cracoi-
yora and not by R»maidis and H.setariae. On bath the culti-
vars of G.anntaum, it produced faint vein clearing symptons
twelve days after inooulation followed by a typical vein
banding symptoms, later with various types of mosaic mottl-
ing often resulting in rat tailing. This virus had a very
restricted host range limited to family solanaceae only. It
produced systemic symptoms on D.metel, l.floridana, | .peru-
yi anum, S.nigrum, N.tabacum cy. 'White burley’, P»hybrida,
O.microcarpto, G.pendulum and C.frutesoence. It had a DEP
between 1:5,000 to 1:10,000, TIP between 55-60®G and 11? of
24 hours at 21-26°C, while PVBT reported by Frasada Rao (1976)
had DJ2P of eight hours at 21-28®G. The electron microscopy
of the purified preparation of this virus shoved the presenoe
of flexuous rod shaped particles measuring 677 x 13 nm. The
PVBV causing vein banding symptoms on Capsicum sp. similar
to those of the virus group under study has been reported by
Dale (iy54), Simmonds and Harrison (1960), Lopezcardet and
iilanco (1972). though the virus under study resembled in
its symptomatology, transmissibility throtjj® the vectors and
host range, the strains of PVBV reported by Simons (1956),
Bhargava and Joshi (1961), Joshi and Bhargava (1962), Prasada
Rao (1976), Nagaraju ”~1977) and Pandurange Gowda (1979), but
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it differed slightly from them in its physical properties

and also not infecting N.glutinosa.

Electron microscopy studies of this virus growp re-
vealed flexuous rod shaped particles measuring 677 x 13 nm,
which had close resemblance with the strain of PVBV reported
by lrasada Rao (1976) 759 x 13 nm, Nagara;)u (1977), 648 x 29
nm and Pandurange Gowda (1979) 450 x 20 nm. It showed positive
reaction with the standard antiserum of PVBV and not with
any other antisera tried indicating its relationship with TVBV.
Therefore, this virus v/as considered as a strain of PVBV on

capsicum.

Group 3

-his vyiriJs was readily tranaritted by sap inoculation
and also by aphid vectors, M.persicae, A.gossypii, A.cracci-
vora and H.setari ae and not by R.maidis. Pepper veinal mottle
virus was reported to be transmitted by these aphid speciesi
by Lana et eu. (1975/» Zitter (1975) and Ong " (1979).
Prasada Rao (1976) reported M persicae and A.,e:ossypii and
A.cracoivora by Pandurange Gowda (1979) as vectors in India.
This virus produced vein clearing, mosaic mottling and
filiform leaves with various types of deformities on both

the cultivars of C.annuum used in these studies
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The host range of this virus was restricted to the
family solanaceae only producing mosaic mottling symptoms
on G.microcqgrpum, C.penduluiD« C.frutescence, P.hyl¥ida«
S»nigrum and I-.Peruvianum. The virus had DfiP between
1:5,000 and 1:10,000, TKP tetween 55-60® C and LIV of
48 hours at 21-25°C. The electron microscopy of purified
preparation of this virus showed the presence of flexuous

rod shaped particles measuring 656 x 12.5 nm.

The viruses causing vein”™l mottle arjd other symptoms
on Capsicum sp., simileo: to the virus group under study,
have been reported ty many workers as PVM7 (i-rasadaRao0,1976j
Nagaraju, 1977; Pandurange Gowda, 1979; Brunt and Kenten,1971
an@ Lana et , 1975)* This virus caused filiformed leaves
and various types of mosaic mottling symptoms on Capsicumt
1.h.vTsrida. S.nigrum and was transmitted by Mpersicae,
A.fe-ossypii and A.craociyora, and ri.setariae. It also diffe-
red slightly in its physical properties from those reported

by other workers.

Pepper veinal mottle virus has been reported to be
transmitted by M.persicae and A.gossypii by Brunt and Kenten
(1971) end also by A, craocivora (Lana £t jl., 1975)* However,
A.spiraecola and T.citricidus have been reportedas additional
vectors of P\m/ by Wijis (1975)- In the present studies

H.setariae hats been found to be an additional vector. Further,
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Wigis (1973 ) aad Lana et (1975) reported that PVMV had

a limited host range infecting Solanaceae plants only* while
Brunt and Kenten (1971) reported that P\TIW produced local
lesions on Chenopodium amaranticolort C.quinoat C.mural e«
Tetragona expansa and Amaranthus caudatus in addition to in-

fecting ffiany plant species in Solanaceae.

The electron microscopic studies of this virus showed
the presence of flexuous rods which closely equal to those
of 1/ilV measuring 776 x 15 nm (Prasada Rao0,1976), 648 x 29 nm
(Nagaraju, 1977 ) and differed from those reported ty Pandu-
range Gowua (1979J 407 x 19 nm. This virus positively re-
acted with the standard antiserum confirming its identity
with PVJAV. Therefore, the virus under study is considered

as a strain of PMWVV on chilli in Karnataka.

Group 4

This virus was sap inoculable and tranaaitted by aphid

species, Mpersicae, A.gossypii and A>raccivora.

The characteristic symptoms of this virus on Gapsicum
of both cultivars were prominent vein clearing on young leaves
followed fy mild chlorosis and “~jupping of leaves. After a month,
young leaves showed green vein banding along the veins of the

base of lamina and flagging of older leaves. In hot days plants
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showed stuntedness with main stem much elongated. Capsicum
frutescenoe Tabasco showed top necrosis. These symptoms

agree with those described for a strain of TE7 reported by

McKeen on Japsisum spp.

The host range of this virus was confined to Amarantha-
ceae, Chenopodiaceae and Solanaceae, It produced necrotic
local lesions on Chenopodium amaranti color andC.guinoa. In-
fection was systemic pr oducing mosaic mottling on Capsicum
microjarpum> G.pendulum, Datura metelt D.stramonium,
L.esculentum, .ph*saloides, Petunia hybrida, Physalis
floridana, Solanum nigrum, S.tuberosuxc and S.iselongena.

It produced mild necrotic etching on »tabacum cvr- ‘'Xantlrii'
and 'White Burley’, JJt;lutinosa, N.rustica end later develop-
ing mosaic mottling. The virus had DEF between 1:1,000 aid

1:5,000, TU b&tween 60-70°G and LI17 of 48 hours at 21-26®C.

The virus symptoms on Capsicum resembled tho ~ of TBV
reported by other woriters (Greenleaf, 1955» 1956 and McKeen,
1954). Anderson and Corbett (1957 ) called the disease caused

by TEY as "V7ein banding crinkle” in Central Florida. McKeen
(1954) reported M.persicae as the principal field vector.
Laird and Dickson (1963; reported K.persicae, A.gossypii,
Macrosi phum solanifolil, M»pisi and A.spiraecola as vectors.
Kassanis (1941) and Herold (1970) transmitted it by

A.cracciyora. The host range was similar to those of TEV
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strains reported by several workers (HolmeSf 1946} Weinbamn
and Milbrath, 1976; Zitter» 1972; and Villalon, 1975)*
Present virus was also transmitted by A.gossypil »d A«oracoi»
yora in conformity with the reports of the earlier workers.
Physical properties of this virus slightly differed from
those of the strains of TEV reported by other workers (Verma
and Lail 1964; Kassanis, 1941; Herold, 1970). Electron
microscopic studies of this virus showed the presence of
flexuous rods measuring 623 x 12 nm. The virus in its mor-
phology and size resembled the TEV reported Tgy above workers.
Based on these characters, this viru sis considered as TB7
on chilli. However* the serological studies were not con-
ducted because of the non-availability of the aiti®sorum.
i‘fatural occurrence of TLV on Capsicum sp. has not been re-

ported earlier from India.

Group 5

This virus was easily sap transmissible but not by

any of the aphid species, tested viz., A.gossypii, A.cracci-

vora, M.persicae, R.maidis, and H.setariae.

On sap inoculation to California Wonder and Byadgi-
kaddi, it produced necrotic lesions on inoculated leaves
followed by aark streaks on the stem, finally resulted in
dropping of leaves. The plants showed various types of mosaio

mottling on younger leaves and big yellow patches on older

leaves.
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It had a wide host range infecting many plant species
belonging to families, Amaranthaceae, Cucurbitaceae, Cheno-
podiaceae, iPabaceae and Solan aceae. It produced ohlorotic to
necrotic local lesions on inoculated leaves of G.globosa,
iJhenopodium amaranticolor. G.guinoa, C.album and P.vulgaris
var. Pinto, Capsicum microcarpun., C.pendulum, Datura stramo-
nium, ii.metel, and Di.glutinosa. It produced white chlorotic
specks on inoculated cotj*lendonary leaves of Gucumis sativus.
It produced necrotic local lesions followed by systemic
symptoms on Nistabacum yar. 'Xanthi*, whereas systemic symptoms
were proauoed on L.esculenturn, iMioandra physaloides and on
I<icotii:U3a tabacum var. ’White burley’ initially vein clearing

followed by mosaic mottling.

This virus had a DEP between 1:250,000 and 1:500,000,

TIP between 95-100“C. The purified preparations of this virus
under electron microscope revealed the presence of rigi”™ rod
shaped particles measuring 278 x 15 nm. The symptoms produced
on chilli by this virus were similar to -those of TMVreported
by earlier workers (Palm, 1925; Holmes, 1937; Nakata and
Takimoto, 1940; Doolittle and Beecher, 1942; Kovaohevsky, 1942;
McKinney, 1954; Adsuar ejt 1971; Feldnan and Oremianer,
1972). Green-leaf et (1964) reported a Samsun latent
tobacco mosaic virus producing local lesions on N»tabacum var.

eSamsun’ and ’Xanthi’, Nicotiana rustica, N.glutinosa.
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stramonium and G»amaranticolor which could not infect
L.esculentum, aid had DEP between 1:10,00,000 and 1:1,00,00,000
and Tip between 85 and 95®C. The virus under study had close
resemblance with the TMV strain reported by them in host
range and physical properties except the present virus was
able to infect L.esculeutum producing leaf distortion. This
virus under study had also resembled the strains of TW re-
ported by lIrasadaRao (1976), Nagaraju (1977) and Pandurange-
Gowda (1979) on Capsicum sp. in symptomatology, host range
and physical properties. It also resembles in physical pro-
perties with those of TW reported by several workers (Nakata
and Takimoto, 1940; Doolittle and Beecher, 1942; Eskarous,
1971 and Peldrnja and Oremianer, 1972).

The electron microscopic studies of TV on pepper re-
ported by Miller arid lhornberry U958) and Prasada Rao (1976)
on chilli showed the presence of rigid rods measuring 300 X
15 nm and 525 x 15 nm on bell pepper by Nagaraju (1977) and
26'3 X 29 nm on chilli by Pandurange Gowda (1979). Present
virus also showed positive reaction against standard anti-
serum of TMW indicating its relationship with TI*IV. However,
it varied slightly in some of the physicsfl. properties and
host range from TilV reported by other workers. Since it showed
resenblance in many characters with the strains of TW re-

ported by the above workers, it was considered as a strain

of TWW on chilli.
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Group 6

It was readily transmissible by sap inoculation and
also by aphid vectors, M.persioae« A.gossypii and A.cracooi-
yora and not b" B.maidis and H»8etariae. This virus produced
vexn clearing followed by mosaic mottling and later rat
tailing of leaves. Leaves became snail with it green
colour. This virus had a wide host range infecting a large
number of species in Ghenopodiaceae, Cucurbitaceae, Fabaceae
and Solan aceae. It produced jhlorotic to necrotic local
lesions on C.amaranticoler. C.guinea, C.album and reddish
brown neorotic lesions on /.sinensis var. 'Black Eye’. It
produced mosaic mottling symptoms on G.satiyus, N.glutinosa#

tac cEum var . *White Buri®y’ and 'Xanthi', N.physaloides.

S.nigrum, C.microcarpum, C.pendulum and G.frutescens.

This virus had a DKP between 1:10,000 to 1:50,000,TIP
between 65-70“G and Li/ of 48 hours at 21-26®C. The electron
micrographs revealed the presence of spherical particles with
a diameter of 30 nm. Serological typing showed a clear preci-
pitation band against standard GM antiserum indicating its

relation with GhV.

Doolittle and Walker (1923 aid 1925) described symptoms

of GW on chilli which included downward curling of leaves
with light green colour leading to mosaic mottling which were

similar to the observations made with the virus under study.



210

Jha and Raychaudhuri (1956) reported ohilli mosaic virus
having TIP of 55-60®C, DEF of Ix25f000 - 1»30,000 and U7

of 15-22 days at room temperature and apart from other hosts,
also infecting G.melo, Crotalaria juncea and carried sympto-
matology on Beta vulgaris. Present virus under study differed
from it both in physical properties and also in its non-in-

fectivity to C.melo, C.j*uncea and B.yrilgaris.

This virus showed close resemblance to the virus re-
ported by Mishra (1965) in its transmission throu” A.goss.VDIi
and A.cr acoivora and in its physical properties. It also
resembled OMWMT strain of chilli reported by Anjaneyulu and
Appa Rao (1967) in symptomatology, host range and tranani-
ssion through A.gossyTiii and A.oraocivorfa but differed in
host range and slightly in physical properties. Szalay Marzso

and Solymossy (1963 > also reported the transmission of a

strain of OW on chilli through M.persicae and A.cracoivora.
In many characters the virus under study had close resem-
tlance with those of the strains of GW on chilli reported by

Irasada Rao (Ib76)i Mag&raju (1377) and Fandurange Gowda(l979).

The electron microscopy studies of the present virus
indicated the presence of spherical particles with average
diameter 3 nm in conformitj with the measnrenients of CM7 re-
ported by earlier workers as 30 + 1 nm (vai Regenmortel,1961),

30 nm (Lookhart and Fischer, 1976) and 28-30 nm (PrasadaRao,
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1976). The serological studies further aonfirmed that the
present virus is related to GW on chilli* ThuSy this virus

is considered as a strain of GW on chilli*

Group 7

This virus was easily trananitted by sap inoculation*
but not by aphids. It was also not transmitted through chilli
seeds. This virus producea vein clearing after 6-7 days of
inoculation followed by vein netting and small dilorotic
rings limited by veins which later diffused into back ground
with iime, only on California Wonder and not on Byadgikaddi.

Leaves produced later became abnormal in diape.

This virus had a DBF between 1:5*000 to 1:10,000, TIP
between 60-65°G> and LIV of 24 hours at 21-26® C. This virus
group had a wide host range infecting the plant species
belonging to fanilies™j' Amaranthaceae, Asteraceae, Chenopodia-

ceae, Cucurbitaceae, Fabaceae and Solan aceae.

It produced chlorotic to necrotic lesions on G.globes a,
Chenopodium amaranticoler» Ctqquinoa, y.sinensi s and N.rustica*
It becamt systemic producing mo saic mottling on 2«elegan s,
Cuvjumi s sativu s, Q.melo, Cucurbita maxima, Ga-psicum micro-
carpum, C.frutescence, D.stramonium, L.esculentum,N.tabacum
Gvs. 'Xanthi' and *White Burley', Petunia hybrida, Physalis

florid ana, P.peruviana and S.melongena*

Several workers haire reported ring spots on peppers.
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Nakata aad Taklmoto (1940) reported TMV producing ring spots
which had TIP of 90®G, DBP of 1:10”~. Doolittle and “aumayer
(1953 ) reported a ring spot strain of OW which was tran ani-
tted ty M.persicae and Dorsalis frangulaet and (Rao et al.«
1970) reported a ring spot strain of PVX which had TIP of
72-75®C, DEP of 1:10" to 1:10” and LIV of 18*20 days at
20-50®C. But the present virus differs from all the above
in its nature of transmission through aphids aid physical

properties.

However, this virus showed resemblance in some of its
properties id tobacco ring spot virus isolated from Solanum
capsicastrum (Smith, 1951), Anemone coronaria (Rollings, 1965)

and TRSV reported by McDaniel £t al. ,(1971).

There are several reports about the tran anission of
TRSV by mites, nematodes (Fulton, 1962; Sauer, 1966), sphids
(Shyama Rani et al.., 1969; Smith, 1931)» but the virus studied
here differs from all the reports, in its inability to be

transmitted by aphids.

TRSVfrom Anemone coronaria, gladiolus and brinjed had
been pur‘ified aid observed under electron microscopy by
several workers (Hollings, 1965 and Sastry, 1974). Prasad
Rao (1976) reported TRSV which produced only chlorotic small
rings restricted ljy veins but he did mention further deve-

lopment of faint chlorotic ring lines after one mnth.
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Perhaps he mightrhaye observed only small rings, or the
strain under study mi~t be a different one from that
reported by PrasadaRao (1976). In many characters, the
present virus resembled with those of the strain of TRSV
reported by PrasadaRao (1976). The electron microscopic
studies of this virus revealed the presence of innumerable
number of spherical particles with an average dianetre of
27-28 nm. But there are no reports of purification of
TRSV from Capsicum spp. It reacted positively with the
standard TRSVantiserum indicating its relation with TRSV
on chilli. Thus, from the above studies it is clear that
it had close resemblance with the strain of TRSV reported
on Capsioum by Prasada Rao (1976) but deviated slightly
in symptom production on California Wonder and physical

properties. Therefore, it is considered as a strain of

TRSV on Capsicum.

Group 8

This virus was transmitted by sap inoculation but at
a low level of only 10-20 per cent. Only the nymphs of
Thrips tabaci isolated from and maintained on onion plants
transmitted it to C. ecinutovcvs California Wonder aid Byadgi-
kaddi and not by Scirtothrips dorsalis. Repeated insect
transmission showed that adults of thrips did not trananit

this virus*
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This virus first produced pin head sized necrotio spots
on inoculated leaves. Ten to twelve days after inoculation,
young leaves showed chlorotic mottling with dense coalesced
smdLl rings and i“ots. One month old plant® showed, on older
leaves, anall rings end concentric rings inside. Thebri”t
yellow chlorotic rings became later necrotic. Subsequent
leaves became small. Fruits also showed some concentric rings,
lirone (1935) aid Sakimura (1940) also made similar observa-
tions on Capsicum spp. infected with TSWV. This virus had
a [H- between 1;500 and 1:1,000, TIP between 40 and 50®C and
LI7 of 2 hrs at 21-26“G. It had a wide host range infecting
the plant species belonging to families i'\maranthaceae,
Boraginaceae, Chenopodiaceae, Gucurbitaceae, Fabaceae and
Solan aceae producing chlorotic to necrotic spots on G.globosa.
Z.elegans, Ghenopodium album, G.amaranticolor« Gsquinoac«
Grotolaria juncea L., Pisum sativum, V.unguiculata cv. C-152,
Y.sinensis cv- Black Eye, Micandra physaloides# Nicotlana
tabacum cv. ’White Burley', N.rustica. Petunia hybrida,
Physalis floridana aid S.melongena. It produced systemic
chlorotic rings on leaves 15 days after inoculation. It
produced first necrotic sjots which became systemic in
£;.sonchifolia, A.hypog-“eai, D.stramoniumt L.e8culentum.
N.tabacum cv. 'Xanthi*, N.glutinosa, P.peruviana and
Cichorium intybus. This virus caused, first bigger brown

necrotic spots with concentric markings on N.glutinosa.
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These spots were very fevi in number on inoculated leaves and
well differentiated from those produced "y TM/ on N«glutinosa.
On L.esoulentum cvr. Pusa Ruby, it produced big brown necro-
tic spots and later the young leaves became bronze in colour*
After 2 months, young shoots produced abnormal thick leaves.
On tomato fruits, it induced well developed chlorotio concen-
tric rings. Similar observations have been made by Pirone

(1955) on Capsicum and Prasad Rao ~ a”», (1980) on tomato.

Transmission of this virus through T.tabaci aid Frankll-
niella lycopersici and by rubbing method of mechanical inocu-
lation with expressed plant juice was reported Pittman
(1927), Samuel et al. (1930) and Bald and Samuel (1931)*

Later, transuission V. through T.tdaaci on tomato (Todd et al,
1975)f i'.sohultzeri and Scirtothrips dorsalis by Ghanekar e
(1979v and S.dorsalis by PrasadaRao et al. (1980) on tomato

and groundnut was reported. Gardner and Whipple (1934) re-

ported non-transmissibility of this virus through the seeds

of tomato, pepper and Datura.

Present virus isolate resembled in the host range the
strains of TSWV reported by earlier workers (Gardner and
Whipple, 1934; SeUcimura, 1940} Ploper, 1948; Kendrick et al..
1951). According to Le (1964) TSW had a TEP of 42-45®C
DEP = 1:10000, and LIV of 5 hours at 20®C. Prasadcx Rao et al»
(1980) reported DEP wupto 10“", TIP = 45-50®Cand UV o0fl-2
hours at 10-28®C of tomato isolate of TSWW.
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From tomato Le (1964)» Van Kammer et a l. (1966), Milne
(1970), Paliwal (1974) end PrasadaRao et al. (1980) had puri-
fied TSWY and observed it through the electron microscope.
According to them the virus consisted of s”iierical shaped
particles of ahout 70-90 nm in diameter. However, the
attempts made in the present studies to purify this virus

did not succeed.

From the atove studies it isseen that the present
virus isolate resembled in many char asters with the strains
of TSW reported by earlier workers. Therefore this virus
isolate has been considered as a strain of TSWV in Karna-

taka. Its natural occurrence on Capsicum sp. has not been

reported earlier in India.

Developiaient of differential key for the
idelitification of viruses occurring on chilli

Devising differential key for the plant virus identi-
fication is a difficult proposition. This is because of the
fact that many plant viruses have been incompletely charac-
terised and secondly because of the presence of strains.
Therefore, no one has been successful in devising a workable

key for all the known plant viruses.

In the early days, symptomatology was the foie
criterion for identification of plant viruses. As the in-

formation on the viruses began accumulating, it became
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apparent that a virus could cause widely different symptoms
on different host plant species. Similarly, different
viruses can produce similar symptoms in a given host and
that different strains of the same virus also could cause
different symptoms on the sane host. Moreover, the symptoms
induced a given virus strain in a given host species can

vary greatly under different environmental conditions*

Gross inocu lations made by Allard (1914) demonstrated
that different viruses h-ve different host ranges. Cross in-
oculations with other hosts combined with symptomatology on
different species proved a better method for virus diagnosis

rather than symptoms on the original species alone.

Brandes (1966) stated that a great number of isometric
plant viruses have a diameter of about 25-30 nm* Since "ftiere
is y>a reason why their morphological differentiation is so
difficult. In such cases, the differential reactions produced
on the test plants by different viruses or the different
strains of the same virus are the most reliable means for
identification and grouping of the viruses. Characterisat-
ion of certain viruses was further made on the basis of
methods of transmission anc physical properties in cru<3e

plant sap.
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It is important to determine host range while descril}**
ing or identifying new virus isolates. But this property of
virus seems to be not quite correlated, with its other
properties. Gitbs and Harrison (1976) stated that even
closely related viruses may have totally different host
ranges. Howeverf certain widely used test plcnts are impor-

tant for virus identification.

Attempts were made by previous workers to differen-
tiate and identify Vi“ious viruses based on host range and
differential host reactions (Fierce, 1935)J Krylov, 1969;
Senevirthe aid losnette, 1970, Milbrath and Cook, 1971 and
Zitter, 1972). Some of the other workers studied insect
transmission and physical properties in addition to diffe-
rential reactions (/dnsworth, 1935» 1940; Cohen and Nitzarj:,
1963>and Horvath, 1969). Differential reactions and serology
alone were used by a few others (Gooding and Todd, 1967;
Zitter, 1973* Makkouk and Gumpf, 1974 and Gooding, 1975;
GuQ~”rial 1977). Differential host plants reaction
only were used to differentiate and identify legume viruses

AHampton, et , 1978).

Serology and electron microssopy in addition to host
reaction or physical properties or both were also used by

other workers (Kaitosowa, 1969; Milne ~t 1969; Demski,
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reports about the differential reactions of a sin”“e host
plant differently to different viruses. For example, Datura
stramonium reacts by producing local lesions to TMV, syste-
mically to CMV, PVX and TSV and immune to PVY. Reactions on
D.stramoniug! (¢ G»frutesjen s var . Tabasco were used in
differentiating P/i and TE7 on chilli (-fitter, 1971J 1972}
Mukkouk and Gumpf, 1974). Potato (A-6) alone was found to
be very useful in differentiating PVA, PVX and PVY occurring
on potato (Bokx, 1972). Gooding C1975) used Nicotian a tabacum
cvr. Burley 21, Cucumxs sativus cvr. National Pickling and
D.stramonium for initial grouping of the viruses occurring
on tabacco in North Carolina and later used serology for
their i1dentification. Kiriyama and Nishimura (1969) used

11 test plants and serologic;al tests for the identification
of tobacco viruses occurring in North Eastern Japai. Prasad
Hao (1976) used 5 differential hosts, C.amaranticolar,
C.sativus, N.-physaloides, N.glutinosa and D.metel for identi-
fication of six chilli viruses. Madhusudan (1978) used three

hosts C.sativus, L.esculentum and D.stramoniua to differentiate

siX tobacco viruses.

Any differential key based on any single criterion may
not be of practical utility. However, taking one criterion
as standard and testing it against the other available

characteristics may prove useful. The idea to use a set of
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differential hosts to identify the viruses of chilli was
taken mainly because of the existence of several viruses on
chilli. Therefore, in the present studies a differential
key consisting seven differential host plants has been
evolved to differentiate and identify 8 Capsicum viruses*
occurring in KarnatcJca. The reactions of these test plants
were cross checked with the other characteristics like trans-
mission “electron microscopy and serologjr. The differential
host plants used in this key were selected after inoculating
a large number of host plants and their reactions studied*
The plants selected for the key are - Ghenopodium amaranti~
colar» Cucuffiis sativusi Kicandra physaloides« Niootiana
glutinosa. Capsicum annuum cvr. California Wonder, Datura
stramonium and D.metel. Viruses were categorised into eight

groups on the basis of symptoms developed as under:

A. Ghlorotic/Necrotic local lesion on
Ghenopodiua amaranti color

Systemic mosaic mottling on Cuouais aativus

C. Systemic mottle coupled with crinkled

puckering and filiform leaves on
Hicandra physaloidea O .. aw

CC.No reaction on H.physaloides.. .. 1RS7
BB.No systemic mosaic mottling on C.sativus

D.Systemic mosaic with puckering, blistering
and deformation of leaves of Nlcotlana
glutinosa . .. PVY

DD.i%ecroti™ local lesion on glutinosa
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xi.Concentric yellow rings on both leaves and
fruits of Capsicum annuum cvr. California
Wonder . . TSW

EE .Bright yellow patches on young leaves of
C.annuum cvr.California Wonder .. ™

DDD.Systemic mosaic mottling with filiform
leaves on Datura stramonium .. TEV

AA No reaction on C.amaranticolar

F. Vein clearing followed by mosaicmottling
and filiform leaves on Datura metel .. PVBV

FF. Ko reaction on D.metel .. PVIW

Repeatedly new virus isolates' from the field were
collectea and inoculated to the differential hosts in
order to test the diagnostic key. The efficacy of this
diagnostic key was cross-checked by serology. It was found
that the differential key was efficient in identifying the
commonly occurring eight Capsicum viruses so far known in
the state.

i»istri bution of viruses causing chilli mosaic in
Karnataka

Iresent studies showed the natural occurrence of nine
groups of chilli viruses viz., FVY, PVBV,PV>lV, TEV, TMV,C\WV,
TRSV, TSWV and mixture of TW + OW on Capsicum sp. in

joffiinercial chilli growing areas of Karnataka.

The percentage incidence of these in the fields has

been worked out. The most prevalent was PVB/ accounting
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(12.38 per cent), TW (9.92 per cent), P7Y (9.61 per cent)*
TEV (5.46 per cent), TRSV (5*38 per cent)* TSW (3*38 per-
cent) and mixture of TMVW + OW (2.08 per cent). The per-
centage occurrence of these viruses in five districts of
commercial chilli growing areas revealed that PVBV was more
prevalent in Shimoga (23.05 per cent) followed lay Mysore
(21.15 per cent), Dharwad (20.98 per cent), Belgaum (16.97
per cent) and Gulharga (11.11 per cent). Purthor among
different districts, except Gulbarga in all the districts
the laaximum occurrence was of PVBV, whereas in Gulbarga
maximum was that of GW (18.18 per cent). While TSW was
less prevalent with a maximum of 5*90 per cent in Belgaum
and 4.63 per cent in Dharwad district. However, it was
least in Shimoga (1.17 per cent) and Gulbarga (1.51 per-
cent). Mixed infection of TW + OW was found to be maximum
in Belgaum (5*9 per cent) and Mysore (2.4 per cent). How-

ever, it was not observed in Gulbarga district.

Again, the distribution of these viruses in diffe-
rent taluks of each district varied from taluk to taluk.
Chilli cwltivar, Yedakota showed maximum infection by PVBV
followed by Konkani, Samba, Channagiri, Nyamati, Byadgi Dabbi
and JH 7-6-6. Some cultivars had all the viruses and some
others showed a very few of the viruses. Devanoor and

Sankeshwar cultivars showed maximum infection by TSWVM compared
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to Others. Chilli cultivars, Dabbi office, Kollegal local
and Gundakai showed maximum infection lay TMY whereas Konkani*
Sankeshwar, Raibag local, Umbragalli and Jwala showed maoci-

mum infection bi' mixture of TM7 + CMV.

Prasad Rao (1976) reported the ocourrence of six chilli
viruses in addition to TW + CW mixture on CaTPSicum In South
India, PV-IV being the most prevalent one followed by P?Y,CM?,
TRSV, PVBV and TWV in the surveyed area. Nagaraju (1977)
reported the occurrence of four viruses on bell pepper around
Bangalore. According to him, PVW was the most prevalent
one followed by PVBV, TW and CMV. According to Pandurange-
Gowda (1979), in Kolar district, the most prevalent vLrus was
PVBV (32.53 per cent) followed by PVY, PVMV, TW and CMV. In
the present studies, eight viruses in addition to the mixture
of TW + ®V, were found in commercial chilli growing areas
of Karnataka, including the additional viruses (TEV and TSWV)
over six viruses reported by Prasada Rao (1976). PVBV was
more prevalent than other viruses on Capsicum in Karnatsfea.
Similarly, Pandurange Gowda (1979) also reported that PVBV
to be more prevalent tha the other viruses on Capsicum in

Kolar district.

Differentes in the occurrence of different viruses in
difierent cultiv ars were studied and analysed. This aspect

was'istudied by the earlier workers. This survey throws light
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on the occurrence of different viruses on all the important

popular chilli cultivars.
Varietal reaction to severe atrain of PYBV

After comparing the effect of few isolates of the
most prevalent PVBV the most severe isolate was selected
as a severe strain tased on its reaction on the populai® cvr.

iiyadgikaddi and used in this study.

Uhilli cultilar, Mifsore selection showed only vein
oleaiiing even after reinoculation showing tolerance to

severe strain of PVBV.

Genotype Pentha G-1 (Top) was found to te moderately
susceptible. The remaining were either susceptible or very

suscei-tible to severe strain of PVBV. Jha (1955) reported

that chilli varieties WP-20 and NP-25 as more resistant to
chilli mosaic virus than the other 52 varieties. Anand
et al. (1951) have screened 152 varieties of chilli belong-

ing® to six different species and reported that varieties
Puri red, Puri orange, Kondiverum, G2 and a local variety
were resistant against chilli mosaic. Ramanujam et

(1965) reported that Puri red showed high resi stance to leaf
mosaic. Pant G-1 and Pant C-2 were found to be resistant

to leaf gurl virus (Mathei et al., 1971). Singh (1975)

screened 105 different varieties and 5 species of chilli
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against chilli mosaic and reported that purl red) purl
orange”™ G2» Kondiverum and Suryamukhi as resistant. Select-
ions made from NP-46A x Puri red is known to be mosaic re-
sistant and has been released as 'Jwala* in 1973 (Tewari
and Ramaiujatn, 1974; Tewari aid Anand, 1977). However all
these genotypes reported ty earlier workers to be resistant

to one or the other virus were not found tobe resistant or

tolar S31 to PVj3V in this study.

Lffect of severe strain of PVBY on growth
of Uapslcum cultiyars

There has been no report of any systematic study
conducted in India with regard to effect of any virus
causing chilli mosaic on the growth parameters of chilli
cultivars. In the present study effect of severe strain of
PVBV V . ’c in Karnataka on the growth with respect to
flowering; height; girth; number, green and drywei”t of
leaves, number of branches, number, length and green and
dry weight of fruits, length, fresh and dry wei”t of r oota

of different chilli cultivars was investigated.

The results showed that the severe strain of PVB7
significsntly reduced the growth of the ohilli cultivars
with varying degrees. Usually the virus infected plants

showed 1-16 days delay in flowering and alaa stunted growthi
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Chilli genotypes, Pentha C-1 (Top), Perennial conical, Mysore
selection. Line 7 Green Sel-2, EC 127967, X200, Line 9 Green
Sel-4» Line 13 Green Sel-2 and NP46A were found less affected

due to infection coiapared to others.

DH7-6-6 did not produce fruits at all and some cultivars
viz., G4 and X 197 were stimulated to prouuce more axillary
k>rar.ches and heoame stunted and bushy in appearance* Byadgi
(Kungagol) which is a commercial cultivar in Karnataka showed
94.74 per cent reduction in its green weight of fruits per

plint due to infection. Among all the cultivars, Mysore

selection was found to be least affected.

There are reports on the reduction of growth of chilli
due to P7Y infection (Jeyarajan, and Ramakridinan, 1961).
Aillaud (1971) reported the produotion of abnormal flowers of
chilli plants due to CGW infection. TEV reduced the fruit
yield of bell pepper from 6-53 per cent (Villalan, 1972).
Joshi and Dubey (1977) reported less moisture and more dry
matter content of chilli plants infected with GOW compared

to healthy plants.

Marsh e” al.. (1977) studied the effect of PMV on
Gapsicum and reported that inoculated plants produced smaller,
lighter end distorted fruits which ripened unevenly. It

caused losses of 46-90 per cent depending upon timeof
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inoculation. Same thing is al so true with the present re-
sults where in Byadgi (Kund”ol)cv. the green weight of

fruits was reduced upto 94.74 per cent.

According to Tiwari and Anand (1977 )» most of the
cultivated varieties of chilli in India are susceptible
to ohilli mosaic virus and tobacco leaf curl virus. The
higtily resistant Jwala (NF 46-A x Puri red) gave signi-
ficantly higher dry fruit yield than NP 46-A due to chilli
mosaic in field (Tewari and Anand, 1977). In the present
stuQies, the severe strain of RTJV sigpificai tly affected
the growth of the chilli cultivars and the effect varied
with different varieties suggesting that there is a great
degree of variinility a/ailable in ohilli germplasm and there
is possibility of getting resistant genotypes for many of
the viruses occurring on chilli. In these studies* Mysore

selection appears to provide resistance to PVBV.

JiIFIDEMOLOGY

A. lopulation d.vnaaijs of different aphid
speoies and aphid vectors on Hebbal farm

Aphids form the largest group of vectors among the
insects transmitting the plait viruses. About three hundred
species are involved as plant virus vectors (Mandahar, 1978).
We have little detailed understanding of stability and change

in field populations of aphids but only certain features of



228

aphid population dynamics hare been revealed (Dixon, 1977),
Since most of the plant viruses studied are known to be
transmitted by aphids (Kennedy et a”., 1962; Harris and
Maramorosch, 1977) in order to know the prevalence of diffe-
rent aphid Q)eci es aid a™Aiid vectors on Hebtal farm, aphids

were trapped daily and collected once in five days from 17th

March, 1980 to 12th March, 1981.

different aphid species were identified and population
counted and presented in Table 29 and Fig.67 . Curing the year
of collection thirty two different aphid species were en-
countered on the farm, /jnong theE, population of A.craccivora
was maxiEUE followed b” A.goss.\r.ii, Aphis spp., A.fabae.
M.persicae, A.spiraecola and Mw0oallis polychaetus and
revealed as major forms on Hebbal farm followed by others.
However, in some aphids viz. R.nymphaeae, N.oircumfleacue»
H.prunii, G artocarpi and D.compositae only one individual
was trapped in each case in a year. It is seen that, flight
of A.cracoivora could be observed from 8th September to 1st
May, but was absent during May to July 1980" maximum during
i"Jovember 1980. Population of A.gossypii was uniform through-
out the year and showed maximum population during November
to i'ebruary. A.fabae was observed throughout the year but

was absent between 11th May and 10th August.

iopulation of M.persicae was completely absentfrom
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1st May to 23rd September 1980; otherwise its flight was

observed in other periods irregularly.

Srivastava et al. (1971) reported that the popula-
tion of M.persicast A.gossypii aid A.fabac increased from
fourth week of January to fourth week of February in plains.
In most of the aphid spp, peak period of flight was during
the months of November, March and April of 1980. Pandurange-
Gowda (1979) reported the macimum flight of aphids during
September to DJovember and from January to March 1978 on
hebbal farm. Gonzalez and Hawlins (1969) reported the
capture of peak number of alates including M.persicae in

Moericke traps in New York during August and September.

The total numbfcr<|aphid species trapped were grouped as
vectors of plant viruses based on latest references made by
Garter (1975)f Mandahar (1978) and Maramorosch (1969) are
presented in Table Totally seventeen aphid species of
the collection were identified as vectors of plant viruses
and they were found to be more in number thaa others. Among
the vectors, A>oraccivora was found in maximum numbers
followed by A.goss”piit A.fabae, M.persicaet A.spiraaecol eu
R»msjdis« R.padi» H.coriandrit H.setariaet A.neriit B.brasslcaet
T.citricidus, T.aurcjatii. A.nastartii> R.nymphaeae, N.clrcum-

flexus and h.pruni. Based on the literature, anong veotors
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trapped M.persicae comes first in transmitting maximm
number of plant viruses followed 'y A.fabae« N.circum-
flexus, A«gossypiit B.Torassicae, A*craccivora, Anastartiit
Remaldis and A»spiraecola followed by others (Table

On Hebtal farm oommon viruses, viz., CWMV, PWV, PVY, TEV

and PVBV are found on Capsicum.

Harris and Maramorosch (1977 ) reported A.fabae,
A."Nossypii, M«persioae and T.aurantil as more polyphagus
aphids. The enormous reproductive potential and behavioural
patterns of aphids ensure their wide dispersal among popu-
lation of virus host plarits. Therefore, polyphagus aphids
are better fitted than oligophagous aphids for field spread
of irenA' aphid borne viruses (Kennedy 1959). Ong
et (1979) studied the aphid vectors of PVIIVin Penin-
sular Malaysia viz., A.cracoivora, T.citricidus, A.spiraecola.
A.goss.ypii, M.persicae, R.maidis and H.setariae, which were
responsible for field j”read of chilli virjs. Laird aad
iI>ickson (1965 ) also reported the field spread of TEV and
PVY in i>outhern California by M.persicae, A.“ossypii» and
A.spiraecola. Canko and Praslljka (1369) studied the occu-
rrence of aphids particularly M.persicae and A.nastartii and
their importance as vectors of COW on Capsicum. Mari®*pan
et al. (1973 ) reported A.goss”pii, A.oraccivora, A.nerli and

and M.persic ae as vectors of PVY of chilli and A.gossypil as
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most efficient vector. In Poland, Gabriel (1961) found

A.nastartii to be a more importait vector of P7Y than
M.persicae* In contrast, Rasocha (1966) in Csechoslovdcia
reported Mppersicae as more important vector than Awsnagtartil
in potato plots. In the present studies, A.cracoiyora.
A.gossypii, A.fabae, and A.spiraecola were found to be the
important vectors of plarit viruses on Hebtal farm. However,
M.persicae though reported to be an important vector in

population it stood fifth in the present studies.

Attempts were made to jorrelate total number of
aphid spp. trapped, aphid vectors of plant viruses and
vectors of chilli viruses and same important individual
aphid vectors reported so far, with several meteorological

factors collected from meteorological observatory in Hebbal

farm*

a; Total population of aphid apecies

The increase in population of aphid species was posi-
tively correlated with high, maximum and minimum temperaturey
relative humidity at 07.20 and 14.20 hours, sunshine and
evaporation at one per cent level and was negatively oorre-'

lated with wind speed.
b) Total aphid vectors of plant virus

The increase in population of aphid vectors of plaat

viruses was positively correlated with high relative humidity
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at 07.20 and 14.20 hours but was significant only with
minisium temperature. Maximum temperature and wind speed
only showed significant negative correlation with the

population of aphid vectors of plant viruses.

c) Total aphid vectors of Caps™um viruses

Total population of aphid vectors of Capsicum vir’jses
showed positive correlation with relative humidity at 07.20
and 14.20 hours but was significant only at 14.20 and not
at 07.20 hours. Population of aphid vectors of Capsicum
viruses showed negative correlation with the remaining
meteorological factors but showed signific ait correlation

onli' with inaximuia temperature aid / evaporation.

d) Population of A.cracoivora and A.gossypili

Population of A.cracoivora and A.gossypii showed posi-
tive correlation only with relative humidity, at 07.20 and
14.20 hours but was not si”ificait. Population of these
two species of aphids showed negative correlation with the
remaining factors but “owed significant only with maximum

temperature, wind speed and evaporation.

e) Population of A.f£ab”

Population of A.fabae showed positive correlation only
with minimum temperature and negative correlation with the

remaining meteorological factors.
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f) Population of A.s*j™aecoj”

This i”owed positive correlation only with rainfall,
relative humidity at 07.20 and 14.20 hours but was insigni-

ficant.

gj Total population of Aphis spp.

Here total population of all species of Aphis showed
positive correlation with all meteorological factors v studied
except wind speed.’ The correlation was insignificant with

rainfall, sunshine and evaporation.

The present results support the observations made by
Delong and Mathewson Davies (1935), Thomos and
Vevail (1940), Broadbent (1949), Stapley (1949) and Dixon
(1975).

Broadbent (1949) observed low population of aphids in
humid regions in wet season and claimed that high humidity
probably affected the population by depressing multiplication

rather tha:) inhibiting fli*"t.

Delong and Mattvewson (1925) reported that high humi-
dity combined with low temperature was apparently the most
Important combination of factors for retarding the develop-
mait of aphids. Optimum conditions were high temperature

and low humidity. The present findings agree with the
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observation of Delong and Mattewson (1925). Stapley (1949)
reported that aphid migration takes place under certain con-
ditions where temperature was not lower thaa 65®F and humi-
dity' not higher than 70 per cent. Rainfall was found to be
negatively? correlated with aphid population which supports
the statement made by Dixon (1973 ) that pea aphids feeding
on buds, stem and on upper surface of leaves were greatly

reduced.

I:jctraordin ary weather conditions, particularly tempe-
ratures cai have a marked effect on aphid numbers. Wind
and rain have a greater effect on aphid numbers. Natural
enemies can influence the rate of build up of aohids and by
in teracting with other factors can shape the dynamics of

certain aphid species (Dixon1977).

factors affecting movement of vectors are a complex
of biotic and physical factors. For the ~hids, Davies (1935)
demonstrated with controlled laboratory experiments, that high
humidities inhibited flight of K.persioae and temperattr es
from 70° to 90®F were the most favourable. Carter (1961) re-
ported that changes in humidity to a lower level increased
the activity, but aphids adjusted to humidities between 50
and 80 per cent, and flew readily at these humidities and
temperatures of 80*F. High humidity and high temperature
(90°F) some times inhibited flight. Carter (1961) reported
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that forty three, twenty and eleven took off per minute
of B»brassicae with full sunshine, thin clouds acd dense
clouds respectively. Swenson (1968) reported that tiie
lowest temperatures at which any a*jhid was olsserved to

take off was 15*5®G.

In most of the oases aphid flight was maximum during
the months of November, March and April, 1980, when the
weather factors were congenial for aphid flights. Present
results agree, with the reports of the above workers. And
A.cracoivora came first in its population and A.gossypii
was found throu”out the year uniformly on Hebbal farm.
M.persioae though an important vector, its occurrence on
Hebbal farm was erratic and loses its importance as a
major vector on the farm.

B. Infection presure of different toEM_cum viruses
on Hebbal farm during 1980-81

This was studied to know the occurrence of different
viruses on the farm at different periods during the year. It
was observed that totally five aphid transmitted and two non-
aphid transmitted viruses occurred during 1980-81. Among the
aphid tranemitted viruses, maximum was of PVY followed by

GwW, FVBV, PYW and TiV.

There were two peak periods of infection by all the

aphid borne viruses on the farm during the year, one was



23G

during the months from March to May, and second was during the
months from Octoloer to January. There was least infec”on
during the months of July» August and September on the farm*
that might be due to high rainfall and high humidity of

90 per cent which inhibited the aphid flight. Infection pre-
ssure of individual aphid transmitted viruses followed the
same pattern as tlaat of total number of aphid-transmit ted
viruses. There was constant pressure of PYBV and PVY throu”-
out the year suggesting that these two viruses are more
prevalent in this area. However, in distribution in the
surveyed area, th<r«e two viruses rank 1st and 5th respeo-
tively. Incidence of PYWV and CM7 was however, not found in
the month of June and July respectively. Tobacco etch virus

was found only in the months of March, October and December.

Infection pressure of all the aphid transmitted viruses
on the farm showed positive correlation with the total popu-
lation of £{)hida, aphid vectors of plant viruses, aphid
vectors of Japsicum viruses, A.cracciyora, A.gossypii,A.fabae,
A.spiraecola and total number of Aphis spp. Similarly, in-
fection pressure of PVBV at different months also showed posi-
tive correlation. Potato virus Y showed pdsitive correlation
only with the population of A.spiraecola and total population
of Aphis spp. No correlation was found with the population
of M.persicae which occurred only from 23rd September to 7th

March and was scattered. Only A.cracciyora, A.goasypii and
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A.fabae were found to be in large numbers throu”out the
year. However, A.gossypii an early appearing aphid
occurred in tremendous numbers and showed marked coinci-

dence in its population with spread of viruses in the field.

Siting aphids will land on any available plait regard-
less of species a2d thqy are unable to distinguish host
plaits from non-hosts |>efore landing (Muller, 1962). Host
selection occurs after arriving on plant surface (Swenson,
1968). The numbers and distribution of infected plants with
aphid borne viruses reflect the numbers aad activity of
aphid vectors (Swenson, 1968). These are responsible for

the general dissemination of non-persistent plait viruses*

Occurrence and development of insect transmitted
viruses in field depends on the appearance and the build tip
of the vector population in nature (Danko and Praslidce,
1969; Gonzalez and Rawlins, 1969; Srivastava et al., 1971
and Zitter, 1971).

Gonzalez and Rawlins (1969) observed the relation of
aphid population to the field spread of lettuce mosaic virus
in liew York. Larger number of infected plants were deteoted
only in late August and ~September, the time at which tiie
greatest number of alates were captured. The other workers
found that s|)hid numbers alone do not indicate the likely

incidence of a particular virus (Plumb, 1976; Dickson and
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iiHird, 1959;. Other factors considered important are the
high potential and early migration associated with fi*hid
vectors CGiHf 1i~r70}, the direction of aphid migration
(Adlerzt 1978) and the long distance fligiits of rirull-
ferous aphids (Wallin and Loonan, 1971).

van Hoof (1977 ) studied the infection pressure of
PVY in a crop of ware potatoes in the centre of Nether-
lands "by using tohacoo plants as baits and said that aphid
species other thai i4.persicae were respon sible for the in-
fection observed. Jurther, that R.padi and Acyrthosiphum
pisum flew much earlier than M.persioae aid were vectors
of PVY , The infection pressure of non-persistent PVY not
only depended on the type and prevalence of its sources of
infection but also on its spread from the sources. In Poland
Gabriel (1961) found A.nastartii to be a much more important
vector of PVY, thai M.persioae. In contrast, Rasocha (1966)
in Czechoslovakia noted the correlation between the occu-
rrence of PVY in tobacco bait plants and flight of
M.persicae but not that of Anastartii during 1962-64
in potato plants. Van Hoof (1979) studied the infection
pressure of I-YY in plots with beet, wheat and seed potatoes,

Mo differences were found either between infection in

the border and that in the middle of a field, planted with

ware potatoes. 7an Hoof (1979) reported the i*read of PVY
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b~sfore the flight. In the present study also incidence of

chilli viruses was found before the flight of aphid vec-
tors on the farm. By these studies the more important
vectors were found to be A.craccivor& and A.gossypii than
M.persicae. Purther, infection pressure of the viruses caa
be studied more efficiently™ by use of the California Wonder,

trap plaats than by trapping aphids alone is indicated*

C.Nature of spread of pyMV in field

Chilli virus, PVM/ which is severe in Karnataka was
studied for its spread keeping a single infector plait in
the centre of the field along with few aphids of M.persloae.
This was repeated by taking four crops of three months du-

ration each dijring 1980-81.

There was 1 to 5 per cent diseased plants with a
single infeotor planHn the centre after 24 to 36 days of
plaiting of the chilli in each of all the four crops taken
in a year. By 37 to 42 days, spread was from 8 to 21 per-
cent and it was 38*5 to 60.5 ptr cent between 67 to 73
days of planting and maximum spread was found in March to
May (60.5 per cent; and least was in September to November
crop (38.5 per cent). After 90 days of planting, the
spread of iWiV was 60 to 70.5 per cent the later being in

March to May and June to August Crops compared to other two

periods.
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Rate of spread of PMW in the chilli crop taken in
four periods during 1980-81 was worked out by taking obser-
vations once in five days. In the beginning thete was
faster rate of spread of PVMV. By 24 to 36 days of plant-
ing of chilli# rate of spread was 32-56.54 per cent per day.
[liter 37 to 42 of planting the rate of spread was only
4.03 to 13.46 per cent per day aad itwas 2.09 to 6.21 per-
cent between 67 to 73 days of planting. At 90th day of
planting the rate of spread of VWV calc ueted in the
Ca-psicuia crop taken during March to May, September to
November and December to Fetruaary cane down to 1.64 to 2.2
per cent per day. Therate of spread per day became
smaller as more number of diseased plants wer”cxvailalsle
in the field which i s in agreement with the reports of
earlier workers. Spread of virus in the field depends on
movement of vectors, from a nearby infected source and
in thi s respect M.persicae is found to be a good vector

as reported by Bald £t a®. (1946).

The rate at which the virus spreads between plants
varied widely accoraing to the type of virus, jrop environ-
ment and mode of transmission. The spread of Biany viruses

among woody plants is relatively slow (Thresh, 1974a).

mature of tVvhiV in chilli field was studied by using

the formula of vander Plaak (li®46). In the beginning i.e.
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between 24 tand 36 days of planting, the actual number of
doublets were found to be nonsiO:iific tly lesser than the
expected number of pairs. Immediately after next five days,
it proved that the spread was internal in all the four orop
periods. Thereafter, atsubsequent, five day interval upto
90 days after planting there was a good evidence that signi-
ficant spread from plant to plant was within the crop. These
results are in agreemant with the reports of many workers

(Puranik et , 1973; Hollings, 1960; and Deshpande al«,
1972).

Some viruses are known to spread both into and within
the crops and nearby infected plants soon became foci for

secondary spread (Thresh, 1974a).

*In the present studies, chilli plants harbourod totally
eight different aphid spp. A.craooivora. A.gossypil,
M.persioae, A.spiraecola, H.setariae are known vectors of
chilli viruses among them. They “so might hare involved
in the secondary spread of FWV in the field in addition to

M. persic ae, which was initially liberated.

Further, an analysis of the occurrence of viruses
causing the disease in »the affected plants at the end
of each crop period in control plots as well as those with

infector plants “~owea on an average that there were 8.30



24

per cent plaits showing PVY, GIW sni TEY virusesj2.35 per-

cent with IYY arid OW viruses respectively.

By this, it is evident that for the spread of the
disease in the plot not only the aphids which were initially
liberated in the plots were responsible but also others
which came in from outside. However, the role of others
bringing in the viruses was very low as evidenced by the

data (lable 51)*

Considering the total population of PMW in plots
with the source arid without the source the pattern of
spread was like that within the plots with the infector
pla:it. However, such diseases seldom spread for long in
a manner closely analogous with the logarithmic increase of
capital at compound rates of interest. With virus diseases,
the total amount of infection usually increases in a s?.gmoid
mainer with time (Thresh, 1974a). Thresh (1974b) reported
the early appearance and rapid spread of non-persistent
viruses depending upon the ocourrdnoe of local sources of
infection within the crop or nearby distribution of such

primary infection determ_.nes the pattern of spread.

Initial phase of spread i“ruely logarithmic in virus
diseases when the number of new ifections that appear is

directly proportional to the total number of infections
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already present. 7alues of 'r* i.e., rate of 8pread« are
usually greatest during early spread when there is a pro-
gressively increasing number of infected plants from which
further spread c& occur and a corresponding decrejtjein the
importance of outside source. Spread i s facilitated espe-
cially in annuals, hy increasing the plant size aid also the

number and activity of vectors (Thresh, 1974a).

i) Effect of PMW Infection on chilli, at
different ages of “owth

Hants of Byadgi chilli in the field were tagged as
infected at 40-45» 70-75f and 90 days of “es and studied
their "onomic y. parameters. Plants infected at 40-45 days
showed significantly lesser in most of growth characters.
In most of the Ccises, plants infected at 90 days of age,
did riot show any significant decrease in growth over those
of healthy plants. But the plants infected at 40-45 days
showed maximum reduction in growth and yield followed by
those of plants infected at 70-75 days and later infection

did not significantly decrease the growth, of plants com-

pared to healthy plants.

Imoto (1975) reported less yield when the crop was
infected during early growth. Similarly, PrasadaRao (1976)

also reported that plants infected at early stages were

severely affected.
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i 1) Aasessment of losses in yield of qghllll cvr
Byadgi Kaddl due to the epidemic; of PYMY
in the fields

This was studied to know how much loss would occur
if PMW spread from a single infector plant in the field
developing into an epidemic in three months period. At the
end of each period, yield of green ohilli per ha was worked
out. It is clear from the latle 5i|».that green yield of
By adgi Kaddi chilli with one infeotor plant of PMW in the
centre of the plot with 65 per jent incidence gave 821.73
kg/ha which Wes si”ifi a.ntly lesser than the plot having no
infector plant witii 17.3 per cent incidence which gave 1237.87
kg/ha jield. Therefore, there was a loss of green diilli of
416.14 kg/ha of Byadgi Kaddi having one infector plant in the

centre of the field diiring three months period.

i:.tiology of 'Murda* malad.® of chilli in Karnataka

Identification and grouping of sap transmissible iso-
lates collected, into different viruses confirmed that out
of 253 isolates 31-~7 per cent isolates belonged to CM7,10.41
per cent to PVY and 23.65 per cent to PMW and the rest were
non-ss™ transmissible. Out of the isolates collected from
haarwad district showing Murda’ syndrome maximum were due
to PIV followed by OW and PVY. Maximum isolates from
Belgaum, Shimoga atid tiulbarga were found to be CW followed
by PVI4V and PVY. Maximum isolates from Mysore belonged to
aw followed by PVY and PVMV.
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The term murda refers to various malformations of
leaves aid the plant in chilli. Involvemait of thrips
and mites in most casest viruses in rare oases in the
cause of this malady- in Karnataka was quoted ty Putta-
rudraiah (1959)* White fly transmitted leaf curl virus
was reported tty Hussain (1932), Vasudeva (1954), Mishra
et (1965 ), Capoor (1967) and Dhanraj et (1968).

Moghe (1771) investigated the causes of 'Churda
murda’ disease. Symptoms described by hi® included curl-
ing, crinKiing mottling and puckering of leaves. He con-
firmed the causes of this as due to thrips and mites and
some tiices infection was acoompaiied ty a virus serologi-

cally related to GWW.

From the present investigations it can be definitely
established, for the first time that two more viruses, PVY
and PVI'IV to cause Murda syndrome in fields in addition to

CM7 and tobacco loaf curl virus<-s reported by earlier workers.

Among the isolates collected from different areas
many isolates failed to be sap transmissible. Since these
isolates were discc.rded” thrips and mites from chilli were
used in the investigations to find out the difference if any

in symptans from those produced by GMV, P7Y and PVMV.
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Nymphs of ScirtotfariDs dorsalis when transferred to
healthy chilli seedlings produced specific ’Murda’ symptoms.
The thrips were found to be sheltered in boat shaped ourled
leaves arid leaf buds which were the result of their own in-
festations. They were found to cause severe dam”e on tender
stemsy buds and young leaves. According to Ramachandra Rao
(1929), S.dorsalis caused twi sting and deformation of le ares
when successive leaves were attacked, the plants became

stunted aid dried (Park and Fernando, 1939).

L0lyphagotar sonemus latus mites when enclosed on chilli
seedling caused yellow chlorotic graining on young leaves
followea by downward curling of lamina on 15th day of in-

festation, and other abnormalities.

fimin (1979) demonstrated that murda symptoms could be
caused by thrips and mites by artificial infestation and
further stated that they were the only causes of murda. How
ever in the present investigation it is clearly established
that thrips* mites, CMV, PVY and PVMV, all can cajse inde-
pendently 'MurdCf- symptoms arid on closer observation the
symptoms can be differentiated from one another (Table 36).
However, symptoms produced by these eigents in combination

were not studied.



Thrip and mite induced leaf curl is due to meohanical
injury to the leaf surface aad perhaps also by a toxic sub-
stances introduced by the thrips and mites with the saliva
into the leaf, during feeding (Peiris, 1944, 1953)* Hence,
the ’Murda* syndrome by mites and thrips is easily controlled
by spraying chemicals like Rogar and Kelthane whereas virus
infected plants are not cured by these chemicals. Moreover
virus cause may be prevented by spraying insecticides

(Jeuttarudraiah, 1959).

Preservation and storage of Qpsicumviruses

This was studied to know the best method of preserva-
tion and storage of chilli viruses, for further laboratory
experim urits. The results showed that PVY» PVBV and PYW
retainea their infectivity upto 180 day s when fresh leaves
were stored at -20®C, however, TSWV completely lost its
infectivity after 45 days. When standard leaf extrajt of
each virus in buffer stored directly at -20®C, most of the
viruses lost their infeotivity earlier than the above method.
Viruses when stored in lyophilized condition at -20®C their
infectivity lasted longer than the above two methods. PVBY,
P7MV aad TEV retained their infectivity upto 300 days. PVBV
and PMW viruses lost their maximum infectivity after 180 days
of storage, whereas TiiV i&iQ showed its macimum infectivity

even after 300 days of storage. PVY and TRSV viruses
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retained their infectivity only up to 180 days. By this

method, TSWV retained its infectivity up to 120 days*

When the leaf bits of infected California Wonder
plcorjts were dehydrated over GaClg aid stored in gelatin
capsules over CaCl*™* most of the viruses retained for
longer period and i%iowed more infectivity than any of the
above methods. Viruses 'Miz., PVY, PVBV, PYMv, TE7 ~d QWw,

retained their maximum infectivity even after 450 days and

TRBVand TSWV up to 300 and 180 days respectively.

iresent results shoved that TSWVM which had lost its
infectivity in 45 days could retain its infectivity up to
180 days by dehydration of tissue and storage over CaCl2 in
gelatin c”sules. [Its maximum infection was continued
even up to 120 days of storage. Therefore, among these
four methods of storage of chilli vine es®tissue dehydrat-
ion and storage in gelatin capsules over CaClg at 4®C was

found to be simpler and superior over other methods.

According to Lewijs andBachmann (1979) freeze dry-
ing is superior than deep freezing in PVY and remained
active for 4 years at 4°C. A simple but effective of preser-
ving many plant viruses is to dehydrate infected tissue

chanically near 1®G'(McKinney ejt , 1965). Chemical
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dehydration of virus containing plant tissue, a virus pre-
servation method developed by McKinney et jd. (1965) proved
to be as good or even better for the long term preserve*
tion of PVY and several viruses (Bos» 1969) th ai freesse dry-
ing of clarified sap but a decrease in infectivity still
ojcurred with P7Y and other viruses. Bos (1969) published
some successful results gained in Netherlands with a ool-
leotion of 21 plant viruses in leaf material verj, simple

dried and stored over CaCl™*
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CHAPTER V

SUMMARY

1. The survey conducted to find out the Incidence of
chilli moselo revealed that incidence ranged from 11.8 to
94.8 per cent with an average of 5 3 per oent. On sn ave-
rage the incidence was lowest in Shimoga (40.62 per cent)
followed Dharwad, Belgaum, Mysore and Gulharga districts

of Karnataka.

2. The average incidence of mosaic was lower in rain>

fed crop (50«13 per cent) than in irrigated crop (58.33 per-

cent).

3> Among the popular commercial chilli cultivars
grown in Karnataka* the average incidence of mosaic was

least in cvr. Nyamati (35*71 per cent) aid highest in ovr.

Uiinuholi (64*36 per oent).

4. A total of 122 fields distrilwted in 28 villages
in the afcove districts were visited and a total of 1,300

isolates of which 367, 271, 256, 208 and 198 were oollected

from Dharwad, Belgaum, Shimoga, Mysore and Gulbarga dis-
tricts respectively. Of these 80.46 per cent of isolates were

successfully sap transmitted while the otl:*rs were not.

5. Based on the studies on insect transmission, re-

action of host differentials, physical properties, electron
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microscopy and serology, ei”™t groups of viruses were
identified as PVY, FVBvV, PVM7, TiiV, TWV, CW, TRSV and
TSWV and the ninth group was found to Toe a mixture of

TW and CWV.

5a. Potato virns Y(G”) produced faint vein-clearing
off the young leaves followed by mosaic mottling, irregu-
lar vein-banding in the cultivars, California V/onder ar®
B:/adgi Kaddi . Some leaves developed dark gre e n .1]
raisea blisters with alight upward bending, crink;”ing and
rat tailing. It was transmitted by Myzus persicae. Aphis
gossypii, A.craccivora and liysteroneura setariae. Host
range was confined to Amaranthaceae, Chenopodiaceae and
Solanaceae. The virus had DIT of 1:1,000 to 1:5,000; TIP
of 60-65®G and LIV of 24 hours. The purified preparation
contained fl<ixuous rods measuring 681.0 x 12.5 nm and was

serologically related to VY.

5b. Pepper vein-banding virus (Gg) produced a very
faint veiti-olearing on young leaves followed by dark green
continuous ve ia-band rng, various types of mosaic X mottling
of leaves, and stunted growth in both the cultivars of
Capsicum. It was trananitted by M.”ersicae, A.gossypil and
A.cracoiyora. The virus had a restricted host range limited
to Solaaaceae. It had EEi of 1:5,000 to 1:10,000; TIP of
55-60®C and LIV of 24 hours. The purified preparation
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revealed flexuous rods measuring 677 x 15 nm and was Ssero-

logically related to iViiV.

5c. Pepper veinal mottle virus produced vein-
clearing followed tiy mosaic mottling, later developing dark
green patches in an irregular fashion on the leaves aid sub-
sequently distortion. Lateral buds produced filiform leavea
and plajits were severely stunted. It was txananitted by
M.persicasi A.gossypii« A.craccivora and H»setariae. The
virus had a restricted host range confining to a few species
of Solanaceae. This had DEP of 1:5,000 to 1:10,000; TIP of
60-65®C and LIV of 48 hours. The purified preparation of the

virus contained flexuous rods measuring 656 x 12.5 nm and was

serologically related to PVMV.

5d. Tobacco etch virus (.G") produced in both the cul-
tivars a prominent vein-clearing of young leaves. Later they
became mildly chlorotic with prominent to moderate cupping*
In some oases, leaves showed marginal waviness and flagging
of older leaves aid elongation of the main branch. This virus
was transmitted by Mwpersioae, A.gossypii and A.cracclvora*
Host range of this virus was confined to Amaranthaceae,
Chenopodiaceae and Solaiaceae only, it had DEF of 1:1000 to
1:5000, TIP of 65-70°G and LIV of 48 hours. The purified pre-
paration of the virus revealed the flexuous rods measuring

623 X 12 nm.
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Ne. Tobacco mosaic virus (Gp) produced necrotic lesions
on inoculated leaves within 3-4 days after inoculation which
dropped later. The necrosis extended to the stem along the
petiole. Plants which survived» w«re pale, ohlorotio and
developed yellowish irregular patches on leaves. Bie virus
was not transmitted by aiy of the aphids tested. It had a
wide host range infecting several species belonging to
Amaranthaceae, Ghenopodi aceae, Cucurbitaceae, Fabaceae and
Solan aceae. It had DMF of 1:250,000 to 1j500,000, TIP of
90-100“G and LIV of 11 weeks at laboratory conditions. The
purified preparation contained rigid rods measuring 278 x 15

nm and serologically related to TMW.

5f. Gucumter mosaic virus (G”) produced vein-clearing
of the ”“oung leaves, followed bi- mosaic mottling and in some
cases exhibiting rat a tailing. Thi s v/as transmitted by
M persic ae, A.gossypii, and A.oracoiyora. It had a wide host

range infecting plant species belonging to Chenopodiaceae,

Gucurbitaceae, i’abaceae and Solan aceae. It had DEP of 1t10,000
to 1:50,000; Tip of 65-70C and LIV of 48 hours. The purified
preparation revealed spherical particles with diameter of

30 nm. It was serologically related to cucumber mosaic virus.

5g. Tobaooo ring s™ot virus (G") produced vein-clear-
ing on young leaves followed ty small chlorotic rings limited

by veins which later turned into wavy lines. Plants were not
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much stunted. The virus was not transmitted by any of the
five aphids tested. It had a wide host range infecting the
species in Amaranthaoeae, Asferaceae, Chenopodiaceae» Cticur-
bitaceae, Fabaceae and Solanaceae. It had DEP of 1t3,000 to
1:10,000; TIP of 60-65®C and LIV of 24 hrs. The purified
preparation confirmed presence of spherical particles with

diameter of 27-28 nm. It was serologically related to to-

bacco ring spot virus.

5h. Tomato s;,otted wilt virus (Gg) produced on inocu-
lated leaves a few scattered pin head necrotic spots five
days after inoculation followed by mosaic mottling with dense
small rings and spots. Older leaves showed concentric yellow
rings which later becarue necrotic. Fruits of pepper also
showea such chlorotLc concentric rings. It was tran anitted
by the nymphs of Thrips tabaci from onion and not by any of
the apiiids tested. It had a wide host range infecting plant
species belonging to Ainar<=(nthaceae, Asteraceae, Boraginaceae,
Chenopodiaceae, Fabaceae and Solanaceae. It had DEP of I 1500
to 111,000, TIP of 45-50®G and LIV of tto© hours. Atteaapts

made to purify the virus were not» successful.

6. A differential dii*fositic key was developed with
seven different hosts viz., Ghenopodium asaranticolar«

Qucumis sativus, liicandra physaloidest I”~icotiana ~lutinosa.
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Capsicum apnuum cv. California Wonder, Datura stramonium

and D.metel to identify the ei”™t yiruses.

7* Studies on distribution and prevalence of chilli
mosaic viruses in Karnataka revealed that PVBV to be most
prevalent followed toy GMV, P7TMV, Tm, PVY, TEV, TRS7, TSW
and mixed viruses (TM7 end CMV). Pepper vein banding virus
was more prevalent in ~ Dharwad, Belgaum, Shlmoga and Mysore
districts, whereas GM was more prevalent in Gulbarga dis-
trict than other viruses. Variation in the prevalence of
these viruses in different talnks in each district and in

aifferent cultivated varieties was observed in the five dis-

tricts.

8. 1iffect of severe isoj ate of PVBV on Capsic”ia geno-
types varied among thauselves against this virus. Geno-
types, IG 13256, Lac 27, Line 6 Green Sel-2, Line 8 Green
Sel-:5, NP 46-A, Pentha u-1 (Topj, Perennial conical and Puri
red showed better perform snce against this isolate. Ctoly one
genotype, Myaare selection was found to be tolerant aid

the rest were either susceptible or very susceptible.

9. Analysis of growth parameters influaiced by the
severe staain of PVBV revealed that the infection involved
reduction in height of plant, girth of stem, number, green

and dry weight of leaves aid fruits and delayed flowering to
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a very gteat extent in many of the yariaties tested. How>

ever, in one variety flowering was advanced by three days.

10. Studies on population dynamics of different aphid
species end aphid vectors on Hebbal farm from the 17th March
1980 to the 12th March 1981 revealed the occurrence of 32
different aphid species. Among the aphids, population of
Aphi s £x craccivora was maximum followed by A.gossypil,

Aphis spp., t*yzus persicae and others. Flight of A.craccivora
was observed from 8th September to 1st May. Populatiai of
A.gossypii was unifoim throu”out the year. In most of the
aphids, peak period of flight was during the aoonths of
i\iovember, March and April 1980.

11. Among the aphid species prevalaat on Hebbal farm,
totally 17 aphid species were found to be the vectors of
plant viruses, of which”® Aphis craccivora, ft.gossypii end
A.fabae were found in maximum numbers throughout the year.
Among the 17 species, Myzus persicae, A.fabae, Keomyius
circumflexus and A.gossypii are reported to tran auit maximum

number of plant viruses.

12. On Hebbal farm, GW, PVMV, PVY, TEV and PVB7 are

the common a”hid-borne viruses found on chilli cultivars.

13* Correlation study was also carried out between

total population of aphids, afhid vectors of plant viruses
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and chilli viruses and also important individual aphid veo-

torSf and the weather factors on Hehhal farm. In most of

the cases, these showed positive correlation with high tapapt-
rature and relative humidity but showed nnative correlation

with the wind speed.

14. Studies on infection pressure of different chilli
viruses on Hebbal farm during the year revealed the oocu-
rrenje of five Q)hid transmitted-.viruses (TRSV and TSWY”Yiaf"M
Among the “hid tran anitted viruses, maximum pressure was
of PVY followed ty CW, V3V, PMW ax3 TEV. Aphid-borne
viruses had two peak periods, one during March to May and
the other in October to January. There was constant pressure
of PVBV and PYY throughout the year. Infection pressure of
all the aphid transmitted viruses occurred at different
months showed positive correlation with population of aphids.
Aphis goasypii, an early appearing aphid vector occurred in
large numbers and showed coincidence between its population
and pressure of viruses. >iphid transmitted viruses were re-

corded earlier than the appearance of alates of aphid spp.

in good numbers.

15* Nature of spread of PMW in the field of cv. Byadgi-
Kaddi was studied during 1980-81 on Hebbal farm. Studies on

spread of P7M/ in chilli starting with a single infected
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plait along with initial population of Mwp«rsicae in plots
of 100 plants each was made. The comparision with control
plots without infector plant revealed that the spread was
more of internal nature aid greater In plots with initial
source of viruses and vectors. Secondly the r ate of spread
was fast in the beginning after the introduction of inoculuffl
source but became slower with time as the number of plants

infected went on increasing.

16. InspLte of barrier crops of sorghum and Sunhemp
there was introduction of viruses by vectors into the plot
as evidenced,byi (a) the incidence of mosaic in control
plots without the source, (b) Occurrence of other aphid
tr an anissi ble viruses in the experimental plots, (c) Pre-
sence of different species of aphids other thaa M.persicae

which was introduced initially.

17. Studies on the age of plaits at the tLrce of in-
fection of chilli on vield revealed that the crop experiences
higher yield loss if infected early, before 40-45 days and
lower when infected between 70 and 75 days and negligible

whai infected 90 days after planting.

18. Studies on loss per hectare in a plot of chilli

infected by I'WiV revealed that on 90 day old crop when the
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incidence was 68 per cent, the yield determined was
821.17 kg/ha as compared to 1,237.87 kg/ha in a plot

having only 17*3 per cent incidence.

19. It is clearly established that 'Murda* syndrome
comprising generally of many danormalities of leaf and
plant are caused by thrips and mites, aad tobacco leaf
curl and cucumber mosaic viruses reported earlier. The
present investigations revealed that potato virus Y, and
pepper veinal mottle virus are also responsible in caus-
ing this type of syndrome. Though the gross symptoms are
confusing, it is possible to differentiate the symptoms

produodd by eaoh one separately in glass house.

20. Among the four methods of preservation and
storage of chilli viruses studied, tissue dehydration and
storage in gelatin capsules over CaClg at 4®G was found to

be superior followed by lyophilization.
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Table 1: Area aid production (kg/ha) of chillies and
in different countries

peppers (Green Chilli)
(Anonymous, 1979)

Area

000 ha

World 1716
Africa 124
Nigeria 68

Tunisi a 55

Ghana 23

shypt 10

iijlorth Central America 80
Mexico 53

USA 22

->anada 3

South America 18
Argentin a 8

Peru 8
Bolivia 2

Chile 2

Asia 1318
India 826

China 142

Korea 70
Pakistan 52
Aritanka 50

Turkey 47

Japai 4

i.urope 152
Yugoslavia 40

Spain 28

Koiaani a 22

Italy 20

Hungary 18
Bulgaria 17

Greece 3

USSR 60

tDry ripe chillies

Product-
ion »000
tons

7182
1032

620
128
70

165
780

474
248
32

155

79
14

23

3097

511
1340
112
82
43
480
186

2117
340

537
182
486
200
260

39
677

Kg/ha

7497
6980

9119
3657
3043
15894

9735

8943
10908
11250

8706

11000
5538
1952

10952

5228

619*

9443
1600

1577
780

10213
42318

13914
8500

19179

8273
24831
11111
15291
13133
11738
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Area and production of dry chillies in different
States and Important districts of India ; 1979-80

PHADESH

Kamman
Guntur
War angal
Krishna

Karimn a

ar
Kurnoo?
Adilabad
i'Jellor e
Mahbutnagar
W. Godavari
k i akasam

MAHARASHTRA

Nagpur
iAagged
Chandrapur
Osmanabad
Kolhapur
*Dhule
Aurangabad
Amsravati

KARINIAT.JCA

Dharwad
Belgaum
Ahimoga
Mysore
Chitradurga
Gulbarga

T.MIILNADU

ORISSA

MADHYA

Ramanathpur
Tirunalveli

liruchanapalli

Madurali
Coimbatore

Koraput
Cuttack

Kalehandi
Sambalpur
PRAI/i"SH
West Nimar
Dhar
Shohajpur

Area
*000 ha

158.5

17.1
1610
14.9

=
N
\l

[
~
0o ~~ ~ 0o 0y

PN

[N

PR O w
PR O o© oooN®ooowu

U ONO COW~NDR OCOOOO ® WHhUTOA WW ROUINNONO 0 oUl ~oUl©N

o RProw O
W RANOIOO NOOW O RO ® o1 01

S

Production
>000 tons

162.4

17.0
23.6
11.4

e
O~ w
o

~N = =
A RPN DB oo

N
_CDH OO P ONOFRWWUIN

-
WUIOO POWWN RUIDNW © OUTODOHE O N~NoORO~N® O RN O© o P o

=N
[SENNS ) FREN \ ]

OO R TWwu® h~ PO

Kg/ha

1025

994
1475
765
1086

1177
910

600
1616
636
960

1585
498

112
305
358
350

231
800

397
1046

300

239
458

51
80

278

762

666
988
630
812
350

654
776
570
419
771

136
192
150

86
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Table 2 - (Contd. )

Area Produotion Kg/ha
‘000 ha *000 tons
RIWASIAN 48.6 6.6 136
Jodhax”ur 4.9 1.2 245
Chitorgarh 3.7 1.0 270
Kotah 3.4 1.2 253
Jhalwar 3.3 0.7 212
UTTAR tHADESH 22,3 8.1 363
farrukhabad.. 4.4 1.4 318
Kanpur 1.8 0.6 333
Moradabad 1.6 0.5 312
Kherl 1.4 0.8 571
GUIJAR AT 13.1 8.4 641
Bhavanagar 1.8 1.1 611
Jaxanagar 1.3 0.8 615
Kaira 1.2 0.9 750
BIHAR _ 12.9 11.3 876
Samastipjr # 4.4 2.5 568
Begasarali 2.4 2.8 1167
IHAHYAINA 12.2 13.0 1065
Kaxnal 3.4 3.7 1088
Sonepat 2.1 2.3 1095
Ambala 2.1 2.0 952
ASSAR 10.5 6.2 590
Kamrup 2.7 1.6 593
uoalpur 2.1 1.3 619
X JAIj . 1C.7 9.1 850
Patiala 3.1 —
Sangrur 25 - -
HIMAChii PRiiDESa e 0.8 0.2 250
Stramapur 0.2 0.1 500
KKRAIjJA 1.2 1.1 917
Canaanore 0.8 0.7 875
JAMMU Ald; KAShMIR. . . 1.2 0.3 250
orlnagar 0.4 0.1 250
MALaPUK 2.5 1.5 600

IKDIA .. 826.3 510.9 618



Tdale 5* Area and production of dry chillies in
India in different years

Year <000 ha i;ﬁdggéo Kg/ha
ton s
1964-65 716 475 665
1965-66 654 364 574
1"66-67 921 418 580
1967-68 788 501 636
1968-59 665 899 601
1969-70 682 895 579
1970-71 783 520 664
1971-72 753 494 656
1972-75 682 412 603"
1973-74 789 497 675
1974-75 686 441 642
1975-76 740 526 711
1976-77 781 419 586
1977-78 791 543 687
1978-79 806 658 792

1979-80 826 511 618
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Table 6: Total
of Gulbarga district

SI.
No.

o o1 A ow N

10

Taluk s

lifzalpur
Aland
Ghincholi
Chittapur
Gulbarga
Jewargi
Sedam

Sah apur
Shorapur

Nadgir

Total

area under

Area

384
850
2020
820
500
216
141
129
95
293

6069

chilli

315

in different taluks

in hectares during 1977-78

Taluk s

Aland

diincholi

Chittapur

Sedam

laportant
chilli growing
villac«»
Lodnugali
Aland
ChiasBjanuchode
Ghincholi
Kalgi
Chittapur

Neelhalli
Malakhed
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Table Ii Total area under ohilll in different taluks of
ShiiBOga district in hectares during 1977-78

EA@ Taluks Area Taluks éig\?\,ir,ggn-f-iﬁgélelsl
1 Bhadravathi 236 1 Channagiri Marinkatti
2  Channagiri 3868 Hebbligeri
Honnali 3523 Duoai
ho sanagar . Kalkeri
Narashettihalli
5 Sagar 50 2 Honnali Sayalanga
Nyaaathi
ithikar ipur 3095 Honnali
Shimoga 1048 5 Shikaripur Hosur
Soraba 1189 Nellikoppa
Koggu
Tirthahalli - Shikaripur
Total 13009 4 Shimoga Kommin alu
Bannikere
Honnikeri
Boodigere
5 Soraba Kupp sgadde
Hoya
Hasbi
Jadi

Booman alli



Sl

© ® N o g~ w NP

10
11
12
13
14
15
16
17

Area in thousand hectares undsr dry chilli

Table 8t Total

area under ohilli

317

in different taluks of

Dharwad district in hectares during 1977-1978

Taluks

Byadagi
Dharwad
Gadag
Ho3" a l
Haveri
Hirekerur
Hubli

KaiaghatagL
Kundagol

lunuargi
iltiaragund
Naval agund
Ranebennur
Hona
Savanoor
Shiggon
Shirahatti

Total

Area

4547
1985

953
3487
9768
8949
5558

1189
8722

282
212
1318
1069
246
4939

1977
2021

58222

Taluks

Byadagi

Dh GTwad

Haveri

Hirekerur

Hubli

Kundago 1

laportant
chilli grow-
ing Tillages

By adagi
Guman ahal i
Teredfthalli
Hebballi
Maradgi
Pudukalkatti
Karadiguddi
Yad awad

Lakmapur
Haveri
Alakatti
Devagiri
Negalur
Hosaritti
Hirekerur
Masoor

Hubli
Bidanal
Adar agun chi
Sher ewad
Halyal

Kundagol

Devanoor
Kubyal

Yeliwal

crop in Dharwad di stri ot

1969-170 1970-71 1971-72 1972-73 iy73-+74 1974-75 1975-76 1976-77 77-78

31.~1

79.9

34.7 34.1

40.9

44.6 51.7 58.2
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Table 9* Total area under ohilli in different
taluks of Mysore district in heetaree
during 1978-79

Iié'. Taluks Area Taluks (I“:lrrno%irntgn\gilclgyelsi
1  Ghamar ajanagar 372 1 H.D.Kote Onbragain
2 Gundlupet 795 H.D.Kote
5 H.D. Kote 680 2 Kollegal Sand a:ipalle
4 Eunaur 882 Kollegal
3 Kollegal 585
3  Mysore Yedakota
6 K.HlJiagar 108 Nagawala
7  Mysore 942 Marballi
8 Nanjanagud 1795 4  Nanjangud Basaratagi
9 Periyapataa 648
10 T.-"*arasipura 162
11 Yelandur 18

Total 6987



SI.
No.

o1

© 0 N o

10

Table 10: Total

Taluics

Athani

Baiithongal
Belgania
Chiickodi
Qo&ak
Hukjieri
Khanapur
waibcig
Hamadurgti

Soun datti

Total

Area

1601

1453
1480

2094
1136

3678
703
1386

73
456

14,045

area under chilli
of flelgaum district in hectares,

Taluks

Baiithongal

Belgaum

Chikkodi

Hukkeri

Raibag

3ij

in different taluks
during 1977-78

Important chilli
growing villages

Baiithongal
Nesaragi

Belgaum
Sambra
+3alekundri
Chikkodi

Nippaji
Hukkeri
Sankeshwar
Neroli
Raibag

Nagaral
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