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Chapter-I
INTRODUCTION

Tomato (Lycopersicon gsculentum Mill.) is one of the
most important Solsnaceous crop which rank among the world's

largest frulit vegetable crop. Tomato is originated from
Brazil from where it has spread to other parts of the world.
Tomato have an high vitamin conteht, the most important being
ascorbic acid or vitemin C followed by Vitamin A, thiamine or
vitemin B and riboflavin and vitamin B,(Premnath, 1976).

This crop is grown all over India, the total acerage

under tomato in the world is 1.875 million hectares with a
total fruit production of asbout 38.83 million metrit tonnes

(Anonymous, 1976). Tomato is 2 well known popular fruit
vegetable grown throughout India. Tomatoes always find a
| place in a kitchen garden whether small or big. Tha main
tomato growing seagon 1s winter although it can ke grown
round the year, if frrigstion fscilities are avellable.
The total area under tomato cultivation in India is
40,600 hectares with 4.64 lakh metric tonnes of fruits
production. In Maharashtra it is grown over an area of
about 1£}000 hectares but of which 5,800 hectares under
kharif, 7,800 hectares for winter and 1,400 hectaras-
under summer cultivation (Anonymous, 1979). In Marathwada
it is grown on an area of 500 hectares out of which 200
hectares is under kharif and 300 hectares is under winter
(Anopymous, 1979). However, area under this crop is
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increaging since last 4«5 years, as a xesult of increasing
irrigation facilities.

Pruits of tomato not only adorn the table in the

form of soups, sslads, preserver, pickles and many other
tomato product, but also enrich the health of man.

There are several digeases infecting tomato caused
by bacterie, fungi, mycoplaama, nematodes and viruses.

Tomato ¢xrop is often found to ke infected by viruses of
which some of the viruses cause disease of economic
importance. The well charecterized viruses which naturally
infout tomato include members of neﬁo. tomato spotted wilt,

tombus, potex, poty, tobamo, cucumo and other virus groups
(Mathows, 1979).

R Nepovizus aroup 1
.1‘.‘ ‘Tamato Black ring virus (smith, 1946),
2. Tomsto ringspot virus (Price, 1938).
11 Tomato spotied wdlt virus oroup :
| 3. Tomato spotted wilt virus (Samuél gt gl.,1930).
11 Jombusvirus group : |
| 4, Tomato bushy stunt virus (Smith, 1935; Ainsworth,
1936; Bawden gt al., 1938),
IV Botex virus group i
5. potato X virus (Robert's, 1948; Wilkensonahd Biddgeft,

6. Peru tomato virus (Raymer ot gl., 1972), :
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VI Jobamovirus aroup !
7. Tobacco mossic virus (Palm, 1924; Poonam &b Vesimg
1977). '
8. Tomato mosaic viruvs (Westerdijak, 1910; Allard,
1916; Broadbent, 1976).
ViI Qucumovizug aroup @
9. Cucumber mosai¢ virus {Whipple and Walker, 1941;
Hagedorn, 199503 Quantz, 1957).
10. Tomato aspermy virus (Blencowe gt sl., 1949).
VIII  Qther viruses !
11. - Tomats bunchy top virus (Pandey gt al., '1981).
12. Tomato leaf cuxrl virus (Vemma gt al., 1978;
Verma gt al., 1960; Reddy gt al., 1979; 1981).
13. Tomato stresk virus (Tnupkora.'ﬁfifg 1980;
Eskarous, 1979).
14, Tomato vein clearing virus (Dagar gt al.,1979).
15,  Tomato yellow leaf curl virus (Mazyad et al.,
1979; Mskkouk et al., 1979; Al-Musa, . 1982),
16, Tomato yellow mosaic (Lastrs et sl., 1981).
A7, ‘Tomato yellow top virus (Riberiro gt al.,1981),
18, Tomsto yellow vein mosaic virus (Wilson gt al.,
1981),

During fleld survey in the kKharif season 1984-83
the tomato plants were observed to be infected by virus.

The dlsessed plants were found to be showing severe mosalc,
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leaf distortion and leaf elongatlon with shoe-string like
symptoms. Therefore present investigationwhs undertsken
to identify the caugal virus.

The studies with followlng objectives were undertzken

vivug Cluﬂ‘nj disease
for partial charactorizetion of,severe mossic,of tomato

' ___J and the results are incarporated in this dissertation.

s Transmission
a) Mechanicsl transmission
b) Insect (aphid) transmission
¢) Seed transmission

2. rhysical properties in crude sap
a) Themmal insctivetion point (TIP)
b) Dilution end point (DEP) '

¢) Longevity in Mirto (LIV)

3. Host range

4, SQzelcéy ‘
Se Electron micros¢opy

6. screening of tomato varietles for xesiétance

against the virus in question.
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Chaptor-IT
VI F LI TUR

Tomato are known to be infected spontaneously
by many viruses of which some(; couse disease of economic
importance. Virus“eausing disease of tomato include the
members of nepO» tomato spotted wilt, tombus, potex, poty,
tobamo, cucumd and other virus groups (Herrison gt al.,
1971; Matthews, 1979). Of which few importsnt viruses
are reviewed in this chapter.

2.1 Jomato mggg;g virus g'@u_m H

Westerdijk (1910) was the first to report thst tomato
mosaic wss caused by & virus. miosequenﬁy Allard (1916) .

report tomato mogaic from U.S.A. Bewley (1923), distinguished
five main types of symptoms. The flrst consist@®d  of 2
simple mottling of the follage without any distortion, the
second type resembled the first, but the spots gesc
indistinct in the outline snd deep yellow in colouxr(probsbly
similar to suCubs mosaic of potstoes). The thixd type ias
characterized by a distortion of leaf maergin with no
mottlings; in the fourth type the leaf surface wis blistered
and the margins distored; and in the fifth type the ldmina
wds severly reduced, resulting in the formation of tendri-

like leaves. The evidance availshble at present: =70

show that sll1 these types are different manifestation of
the same disesse.. Basides the mottling or blistering of
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the leaves, cbhesion and twdsting 6f the various parts
of the flowers and sterility of the anthers are common
symptoms of mosalc disease, but motitling of the fruit is
uncommon in Great Britein.

ToMV is mechanically, insect as well as seed
transmissible. Tomato mosaic virus has been transmitted -
mechanically between different hosts (Miller, 1953).
Alnsworth (1935) reported that the disease was found to be

readily trensmissible to healthy plants by mechanical

transmission. Ainsworth (1932) reported that inoculation
of tomato with sap from stripe plants often caused mosaic

only. Hoggan (1934) reported a very low level of
transmission which, however, has not been substailned
(Oorlob, 1963; Pirone, 1969). Some progress on-this problem

was made when Teskile and Sylvester (1962) showed that TV co
be injoculated by aphids plsced on virusecovered leaves.

More recently Loke) and Orlob {i969) demonstrated thst

aphids can transmit TV from a virus covered leaf to

healthy leaf and they descyibed axperiments in which the

green peach sphld, Myzus pezsicae Sulz. transuitted MV
from tomato and double infected tobacco. Cleveland (1931)
reported, the Myzus persicse @_gs believed to be mainly
responsible for the insect transmission of tomato mosalc
from tomato to tomato. Recently Singh and Shastxy (1980)

roported that the transmission of mv by aphids ware
unsuccegssful s Caldwell (.1934). Gardner and Kendrick(1922).

pa——
\
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Jones and Burnett (1935) and Nitzany (1960) have reported
no seed transmission of MV, in thousands of seedlings

grown from seed produced by infected plants. Wildmasn (1959)
also reported no knowledge of any confirmed report that MV

1 transmitted through seeds: Two of the reports of

" Dgolitte and Beecher (1937) and Raychauéhari (1952) indicated
that MV was transmitted in freghly extracted seed, but
not in stored seeds, Berkeley and Madden (1932, 1933)
presented evidence that TV is present in embryos of

Seed produced by infected plants. The effect of different

times and methods of storage (Doolitte and Beecher, 1937;
John and Sova, 1955; Raychsudhari, 1952) asnd seed trestments

(Alexander, 1960; Chamberlain and Fry; 1950; Nitzany, 1960)
on the reduction and 'eliminaﬁon of MV in tomato seed.

The conflicting reports on seed transmission may be due

to differences in tomato vaerieties as suggested by Milbrath
‘(193'7) « Alexander (1960) suggested that, TV was recovered

from tomato seeds after 3 years storage. Howles (1961)
suggested that the tomato seeds infected by TV in an
incubator for 22 days at 72°C, inactivated wust of the virus.
Tomato mosalé¢ virus transaﬁitted through seeds (Ragozzing

and Angelaccio, 19813 Macias, 198L),

The thermal inactivetion point (TIP) reported for

MV fnclude 80°C (Ho and 14, 1930); 80°C to 90°C (Howles,
1948); 83°C to 90°C (gnith, 1928; Verma and Kumar, 1982);
868°C (Brever gt al«, 1980); 90°C to 95°C (Doclitte and
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Beecher, 1942; FernandezeNorthcote st gl., 1976); 92°C to
93°C (Mazyed gt gl., 1969); 92°C to 94°C (Memuls gt al.,
1974); .95°C (Khatri and singh, 1977); 98°C (Das end
Raycheudhard, 1953).

The dilution end point (DEP) reported for MV include
10~6(smith, 1928); 1 1 1000,000 (Doolitte and Beecher, 1942);
1t 1070 (Mazyad gt al., 1969); 10°% to 10°7 (Fernandez -
Northcoate gt al., 1976); 1077 (Verme snd Kumer, 1982);107°
{Khatrl and Singh, 1977); 1 1100,000 (Das and Raychsudhari,
| 1953).

- The longevity ineyitro (LIV) repoxrted for MMV at
room temperature include 45 days (Verma and Kumar, 1982);
‘"60' days (Ho and l.i.,. 1936); 6 months ( FernandezeNoxrthcoate
at al,,1978); 9 months (Khatri and singh, 1977); 12 months
(smith, 1928); 6-20 months (Brewer gt 21.,1930). 36 months
at 21%27°C and 7 years st room temperature (Doolitte and
Beecher, 1942); 72 wonths (Memula gt gl., 1974) and 78

months at room temperatuie (Mazyad gt 51‘1" 1969),.

The virus have very wide host range along with
the Atlantlc cosst region of Morocco. Lockharl and Flscher

(1973) reported that, the systemié hosts of TV were
Lycopergicon gsculentum cv. Bonnie best; Cgpsicum snnuyum cv.

Yolowendas; Mitotiana tabatum cv. Turkish; N. glauca;

Ehysalls floridang. Locel hosts included N. glutinosa,
N. isbgcum cv. Xenthi.nc, Potunig hybrida, Datura

strsmantup and non hosts included Viana sinensig év.”
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Early Ranshorn; Bhaseolus vulgeris cv. Pinto; CQucumis

sativug cv. National Pickling, Miclg faba.

The virus particles otie reported as straight rigld
rod shaped i.0. 300 nm (Glbbs, 1977; Holling and Huttinga,
1976).

2.2 Tobacco Nosalc Virug o

. PAGR gt £l.,(1924) reported thst some species are
takulated ss digease carrier for tabacco mosaic for the
first time. Poonam wdVemna, (1977) reported two viruses
isolated from field grown tomstoes in Hariyana shows some slig
di fferance from the common or wild strain of tobacco mossic

virus, Savino edlastelawe (1978) reported a severe disease of
tomato cv. Molese characterized by dwarfing, loss of yield,
" malformed leaves and enation is reported. The pathogen was
8 strain of tobacco mosalc vizus serolagically
distinguishable from other strain isolated from tomato with
- ordinary mosalc symptoms. Symptoms were reported on
Solenum marrasng on inoculation with infected ssp of the
purified virus. Vliasov gt al., (1978) :275 observed stem
mottle disease of tomato in Crimea region a specific strain
of tobacco mossic virus causing stem mottling and bright
yellow white mosaic on the leaves., Similer symptoms

appearad on frult., The gymptoms were repreduced in
* inoculation test on tomato end Gomphrena globosa. Andrade
et al., (1981)reported severe outhresks varying in
incidenge from 5-42 per cent occured, in commezcial



w10«

plenting. The caussl agent was identified 35 ToMV

(tobacco mosalc virus, tomato sir.) on biological, physical,
moxphologic‘al‘ and serological properties. Davino gt 3sl.,
{1983) reported that 'l‘.ol:;am:o mosale virus mainly affected
tomato. He obsorved symptoms, inoculstion of indicator
plants and serologicgl tests and showed various degree of

infection by tobacco mosaic.

The efficiency of mechanical transmission have been

reported to increase by the use of phosphate buffer (Yarwood,
1952) and abrasive (Celite and Carborandum). A rapid method

for indexing for 'ﬁiiv was by rubbing tomato leaves (Murakishi,
1960) .

'I'M.s well known that many plant viruses can be
transmitted by gphids, but the highly infectious tobacco

mosalc virus (MV) seems to have no sphid vector. Only
Hoggan (1934) reported s very low level of transmission

which, however, has not been subitdvwiated Recently Singh end

SestvE L (1980) reported that the transmission of TV by

aphids wds unsuccessful. pubey et al.,(1981) from Himachal

Pradesh in India reported the virus isolated was trsnsmitted

by My.2us psrsicae, Brevicoryne brassicoe and fpohis fasbae.
The virus is also trasnsiitted through seed.

Karimov (1928) reported seeds are the primsry source of

infection by MMV. Those with netrotic symptoms are marked
smaller than heslthy seed and somotimes deformed and
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undeveloped. Germination @63 10 per cent lower. The seed
germination £43 10 per cent lowar.  The coat and endosperm
c¢arry MV in high congs. Dubey; gt al., (1981) reported.
the virus dsolated was seed borne and infected many hosts.
Kwale W? (1979) reported transmission was mot systemic
in seeds from dlseased fruit but MMV wes carried on the seed
coats. Alekseen gt 21:,(1974) reported in the Astrakhan
region the incidente of TV on tomato resches 100 per cent
at the end of the growing period. Seedn was the main

" gourCe of infeciion. The virus das found on the seed surface
in the seed coat and in choots. Shmyglys gt al., (1984)
reported seed tramsmission T €37~ =5 in Turkish

tobacco.

Viasov gt gli,(1978) reported the diseaée observed
in Crimea regi:?\:s;d s?écified' strain of tobacco mosaic virus
having thermgl inactivation point cf the new MMV strain was
> 98° and dilution end point .Lo""'o Poonam.and WFmp (1977)
reported two isolates of V. The dilution end point of ’

isolate L was 10°4.)0"% and that of Leolate 2,107°-107%,

The respective thermal insctivatlon point were 95 and 90°C
réppectively. Isolate L and 2 withstood ageing upto 9 and
13 days at room temperature and upto 15 snd 39 days at -20%¢
regpectively., Dubey gt al., (1981) reported the thermal
inactivation point was 94.95°C and dilution end point

13 75,000 » 1 : 80,000 and longevity Lo-vitrg 49 days

at xoom temperature snd 14 weeks at 7%. In dried leaves
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the infectivity can remain for 18 weeks. Erkan et al.,
(1983) reported the dilution end point wss 10™7-10"°,thermal
inasctivation point 90°%.95°C and longevity ine.vitro more than
60 days at 20%% 2°C,

Pl (1923) reported that mosaic diseasse was <27 >
2o [ tranemigsible to peppers (Cspsicum snouum and C.
frutescens), Solanum torvum, S. ferox, egg plant (g.melongena).
tomato (S. lycopersicon), Phvsalis anqulata and Cucurbita sp.
. Palm gt gl., (1924) reported come hosts aS disease carriers
for tobacco wosai¢ were §. verbaseifolium, §. torvum,
Cltrullus vulooxls, Scopsria dolcis and_physalis minima,
Exkan dqui-Yorgana (1983) reported thet wilt, stunting, stem
necrosis, 'defoliation. moselc and lesf and frult deformation

were noted on infected Capsicum gnouum, The virus isoleted

falled to infect Nicotiana glaues, induced latent infection
on tomato chlorotic local lesions on Comphrens aglobogss,
nectotic local lesions on some Phaseolus vuldaris cultivars
and local and systemic lesions on petunia hyvbrida.

Van Koot (1940) reported the following methods of
purdfication were aspplied to tobacco mosalc and single virus
-gtreck of tomato at the Wageningen Mycological Laboratoxy.

- 1) stenley's filtrstion through celite and seperation of
the virus by ;épeated precipitation with emmonium gulphate;
2) Bawden and Pirie's hesting to 709G and seperation of the

virus after chemical tréstment and 3) Ryiyofi's and
' Gromyko's elimination of the pigment free juice consists
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in filtration through celite, virus purification with

40 per cent ammonium sulphate and only one treatment with

1 6:: 2 per cent charcoal, all at pH 7. The tomato single
virus streak asre slightly shorted (15x) than those of tobkacco

mosaiec (20 to 25M). The virulenge of the tomato virus,as
mgasured by local lesions on N. glutinosas, remained intact
during s protracted process of chemical purificetlon where
that of tobacco mosai¢ declined appreciably: Lims @?{Z}_&gqs
(1974) reported s purified extract of TMV from systematically
infected tobacco leaves was highly infective to tobacco,
tomato and Chenopodium gmeranticolor. Antiserum obtailned

by rabbit immunization reacted specifically with the purified
virus and with crude ssp from infected tomato and tobacco

plants.

Dubey et al., (.}981) reported rod shaped particles
' measured 300 x 18 nm. Yilma% (1981) reported rod shaped

particles, C. 200 rnm in length. Brkan gt al.» (1982)
zeported rod shgped particles vith 300 x 15 nm in length

were noted in infected spp. _

Tewari et al., (1973) presented data on varietsl
reaction of tomatoes to V. Few lines had resistsnce
Comparable to that of L. peruvianium, 4 others were highly
resistant in winter hut somewhat susceptible in summer and

one variety proved immune. Of the four wild spp., L.
peruviasnum was the most resistant followed by L. hirsutum.



" Mayee gt gl., (1977) reported of 100 lines screened
'agéinst the tomato strain of MV prevalent in the Punjab,
10 showed high registant. Gracia gt al., (1979)reported
of 100 plants exanined 89 were infected by 1 virus and 11
by combination of 2. Incidence wass tomato spotted wilt
virus 49 per cent, tobacce mosslc virus 42 per cant,‘potato
virugflé per cent and CUleanI‘ mosaic vir;.:a 4 per cent.

Khotimire(and, bogory (1977) reported that young plants
of tomato var., Ukrains'Kii teplichnii with symptoms of MV
were uged as initigl materisl. Dliagnostic serum was specific

regching only with homologous antigen. The titre of the
serun after reimmunigation of rabbits was 1l: 512,

2,3 Qucumber mogale vizus (QuV):

One of the earliest reference made by Smith (1949)
in England on virus diseases of tomato, They are cucumber
mosalc virus and tobacco mosgaic virus. It's strain causing
aucuba mosaic stripe and enation tomato spotied wilt, tomato
black ring and tomato bushy stunt also double virus stresk
(tobacco mosaic virus and potato virus X), neither of which
occur frequently in this country. Kobetske (1974) reported
cucumber mosaic virus. He described its symptoms on tomato
in Nara Prefecture, Waterworth and Pahish. (1975) reported a
strain of QiV isola‘i:ed from flowsrs of Ixora with mosalc and
. imported from the Philipplines was serologically distinct
from gtrain D, @ and S, caused different symptoms on several
hosts including cucumbar,; tomato and Dstura. Ignash (1978)
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described 3 strains of WV, MV strainlisolated from
cutumber anci turip, strain 2 from ‘tomato and strain 3

of tomato aspermy virus were investigated. Gracis gt 2l.
(1979) reported virus deceases of tomato in Mendoza
provine, of 100 plants exaningd 89 were infected by 1l virus
and 11 by combinatic;n of 2. In which incidence of cucumber
mogalc virus was 4 per cent, Andrade gt al., (1981)
reported tomato mosalc virus associosted with shoeestring
symptoms in Chilean tomatoes. In which ¢ucumber mosaic
virus was not found in any of S field sanples assayed.
Davino gt al.(1983) reportéd incidence of some viruses on
tomato and capsicum crops in Sicily. Cucumber mosalc virus das
predominanted on Cepeicum gnnuum. Fann gt all,,(1982)
identified the causal viruses of tomato mosalc in
Guangdong provine. QuV, ™MV (Common strain) and TV
(tomato straln) were identified in 16, 8 and 4 of the 10
major tomato growing localities respectively and 34.4, 12.6
and 13.92 per cent of the 223 mosalc isolates. Doolittle
(1.921)' reported the influence of tempersture on the |
development of mosalc disease of cucumber. Higher soil

and alr temperature were found to favour the development

of cucumbsr mosgaic.

Omar gt al., (1982) described the 3 strains of QuV
studled needed 2t least 48 h to multiply in inoculated
leaves after which they could be detected in all leaves
of the plant ghowing that virus particles more with
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assimiletes. No virus is detected in uninoculated
leaves were detected 24 h after inoculation, MV was
dotected in all components of cucumber fruite, including

seeds in exoCarp, maesocarp and endoCarp of tomato fruits.

Chin (1983) reported transnission of OMV strain
O was obtalned with Kyzus persicag (most efficient),

Aphis citricola and Tofoptera surantii, the [sst being
previously unreported as a vector A. cltricola and
Hysteroneura setarlas,less efficient, &€s® reported as
vectors of the virus for the first time. QuV is also
transml tted through dodder gp /. .

Cuiot gt al., (1979) reported the epidemiology of
ahoe-string disoase and necrosis of tomato caused by G4V
in south-East Prance. Observations over 4 year showed that
tomato is less susceptible to 4V than melon. Doolittle
(1921) reporied that mosal¢ was transmittied from cucumber
Yo Ascleplas ryrica, Capsicum gnnuum and Martypla
lonisiania and from these plant to cucumber. The wild
cucumber (Micrampells lsbsta) is however, most importsnt
. in the over wintering of cucumber mosalc. The disease is
transmitted through seeds of the vild ducumber. Migliori
gt al.,(1978) descxibed 21 hosts of the virus including
7 new ones, are listed. The principle weed host waos
Commelins diffusa. The prevalent strain os the leguminous

type, systemic on coupea and zhgseg;ug wvulgaris. C. diffusa
wes infected by the systemic Vigna strain as well as by a3
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local v. strain, singly or in combination. P. wulgsris
and several Pspblionscears, particularly V. hoesi, wewe
infected only by systemic v. strain. The local v. strain
was predominant on tomato, cucumber and Capsicum annuum var.
Gossum,

Hatta et Foanck) {1981) described electron microscopy
bf leaf cells infected with the virus revesled membranece

bound vesicles 50-90 nm diameter, some having membrane
contindous with the tonoplast.

Kuniyasu gt al., (1975) reported the MR 9, MR 12,

Ohio 690712 and L 253 had the fewest symptors following
" “inoculation with QMV.

2.4 Potato virus X (PVX):

Experiments on the spread of flive strains of potato
virus X were made with seven potato varieties and tomato
© plants both urider glass and in the field. The Tate of
spread was mucﬁ greaster in tomato than in potato plants
and virulent strains of the virus, which schieve a high
concentration in infected plants; gpread more rapidly
than avirulent strain (Roberts, .1948). Wilkinson ard Biodgetr
(1948) xeported local lesions without, systemic infection;
develoédwhen Gomphrena alobgsa the-globe amaranth iax
inocul sted mechanically with potato virus X, provided
carborundum $is used. Lesions sppeamin 2 to 3 days and
wsie emcireled by a red ring within a week after inoculation.

b
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Talens (1979) reported a new strain of potato virus X,
which lidertified:, 35 a ring spot strain of potato vj,rué
X ‘and identified from seed stock used for commercisl seed
po;teto production in the Mountain Prov. Davino gt al.,

(19823) reported incidence of potato virus X on tomato crop
in Sicily. In India Dubey (1983) reported association of

potex virus with e moseic disease of tomato.

The virus was mechanically transmitted with ease
but not by aphid; Myzus persicae (Vermaund Barbniall983),
bubey (1983) reported a virus isolated from fiold tomato which
was found to be sap and seed transmissible. Transmission
wos reported by grasshoppers, Melanoplug differentiallis
(wWalters, 1951). Virusdas also transmitted by fungus,.

Synchytridium endobipticum (Nienhauns and Stille, 1963).
The virus i, slso infect some dodder species (Schmelzer,

1956) . Singh.@?‘d;f!g‘:_.}, (1974) reported physiological changes
induced by potato virus X on tomato plants.

The virus affected many hosts. Talens (1979)

reported that the virus caused ringspot, systemic line
pattern and necrotic stresks on tobacco, mosaic on Cepsicum
annuum, Datura $tranondum,tomsto and Nicotisna rustics,
fliscrotic local lesions on Comphrena globosa and chlordtic
local lesions on Chepopodium amarapticolor. Dubey (1983)

described a wlde host range for potato virus X on tomotos

infected only s few memberg of family Solanaceae, FakaCeae,
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Brassicaceae and Chenopodistese. He described the
host range as Lycopersicon esculentum L. vars. White and
No.8, Capsicum gonuum L., C. pendulum willd, Solapum plorum

L+ Chenopodium gmoranticular Reyn end Coste, Q. album L.,
Datura mets] L., Calendula officipglis L., Glycine max,

Nicotiana glutinosa L., N. labacum L. end Solanim tuberosum
L. Dubey (1983) reported that tomato éas sttacked by

several strains of potato virus X. A comparision qf virus,
which he described with different stralns of potate virus X
repozrted on tomato and other hosts.

The virus in, sep lost its infectivity on hesting
at 80°C for 10 min but not at 75°C. The dilution end point

was fourd to ke in between 10~ '10-5 and longevity ip-yitro

18-21 days at room temperature (24°-34°C), 30-33 days at

7°C and 27 days in desiccated leaves of tomato (Dubey,1983).
In 1979, Talens reported thet electron miscroscopic

demonstration of flexuous rods 15 x 550mm in partially
purified preparation; confiymed the identity of the virus.

Yilmay (1981) reported the particle size ‘is'c. 540 nm with
1l amentous rods. Vermaand Gaymid (1983) reported the virus

had slightly flexible particles with length ranging between
540600 rim. Dubey {(1983) reported virus particles
appeared as flexible rods with a model length of 530x15mm.
2.5 Jomgto spotted wdlt virus (TSWV)s

Spotted wilt on tomato first described by Carne
(1924) in Victorla end other eastern parts of Austy@lia.
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Samuel-ond Bald (1933) described in South Austrelia, tomato
spotteci wilt th ough usually present only on isolated
tobacco plants is a common discase of this ¢rop. MgWhorter
(1934) also report this disease from oregon greenhouse in
England. Berkely (1935) -repoxted%nce 1931 J‘disorder
suspected to be spotted wilt of tomato was [ p'zesé;ntcﬁ
in Ontario but only in 1934 £ WAS possible to undertake
experimental studles which showed conclusively that this or
8 vory Closely releted disease dasy present in that provinee
and Sascatchewsn in Canada. ChamberlainiddTaylos (1936)
reported a sexious tomato disease, known locally as "stripe®
or ‘brown top' but considered to be identicsl with spotted
wilt /i5a¢ _ . prasent for some yesrs in the Huttvalle, New

Zealand. Bonnemaison (1939) discusses the information -3
~ i gvailable on spotted wilt of tomato and its insect

—

vector,< - Jhripg tabaci in France. Norris (1942) has
obtained evidaence that the tomato spotted wilt virus i< a
complex of related strains, probably three, one of which
‘(the necrotic)appesrs are the ringspot and mild strains. :"
No tipblight indicating complete seperstion of the mecrotic
strains has yet been observed in Australia. Best (1961)
recommendad experiment on earlier work was confirmed by
further experimant at the Walte at-gricq. Res. Inst., Univ.

. Adelalde. Inouyedid Thouye (1972) reported the virus was
1solated from dahlip var. Komyo showlng severe chlox'.tic .
and necrotic ringspots, the first record of it in Jepan
excopt for an isolate from an import?éd dshlia in
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quarantine. Zafar (1975) reported TSWV from pakistan for
the first time. The virus ceuse severe infection of tomato
plants and fruits at the Agric. Res. Farms at Tarnab,
Péshawar and other tometo ficlds In the ares. Todd gt 8l.,
(1975) rcported the first occurrince of TSWV from India

16 the Nilgiri Hille. 'The disease calised g severe infection
on Marglobe tomatoss in 1964. Kobateka gt al. (1976) flgst
reported the virus from Nara pPretecture in Japan. McGuire
et al., (1979) also reported this disease from Axkansas.
Joshi (1980, 1981) reported TSWV from Andhra Pradesh in India.
The virus was cauging jbronzing and necrosls and was

- didentified from symptoms.

Semiseloid. B3, (1933) described the symptoms of
TSWV on tobacco, the symptoms consistelof necrotic spots
on the younger leaves, necrotic areas along the lateral
veing, usually on the lower half of the leaf and various
combination of these symptoms as well irregular secrotic
spot and line patterns. ’

The virus wis ssp transmissible (Gardner « whiphe 1934)
when rubb'.éa\‘ﬁ to a lerge number of hosts. McWhorter (1934)
reported the virus @ sep transmissible when inoculation
with rubbing were made to the leaves of Petunia plants |
from tomatoss grown in a greenhouse in Oregon. Chamberlain and
Toyleyr: (1936) also reportdthe disease @9 sap transmi ssible..
Vlasov gt al., (1977) xeported that inm inoculation tests
in several indicators a strain of TSWV from tomato fa:llec?
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to infect tobacco but s straln of the same virus from
tobacco infected both tobacco and tomato. The virus gob
also transmitted by Thrips dabactreported by soversl
workers (Bald g% al., 1931; Alnsworth, 1932; Gardner g_ _g_?;.,..
1935; Sekimura, 1961). samuel ondBald; (1933) repor-kad Tsvw
03 tranemitted by Frankliniells insuleris and Thrips tabzed,
which 563 also repoxted by Berkeley (1935). Pajiwal (1976)
reported two isolates of TSWV from BC_ .7 transmitted by
Frapkliniells aoccidentalis which Gas tommon in BC but'_ 7 not
710 in Esstern Canada. He algo reported that neither
igolate wes transmitted by Jhrips tabaci which wos a TSWV

" vector in some other countries. Iwski et al., (1984)
reported silver mottle disease of watermelon caused by

TSWV, which Wostransmitted by thrips. This is the first
report of TSWV naturally infecting CQucurbitaceas.

Bald apd Soogl (1931) reported spotted wilt was
experimentally transferred from tomato to tobacco and 14
other species of Nicotiana as well as to 7 species of
Solanum, Cspsicum snnuum, Dotura stramonium, Hyoscvamus
nloer, Lvciug ferocissimum, Petunia hvbrida, Phvsells
peruviang, Selplolossls spes, .&.._.au:m_& ep ey ASOr SP.«y
and m;aa‘sm_ sp.ey Alngworth (1932) described some hosts,
which wewe tobacco Ne. mmn. w_g_g B.giramonium,
Solsnum cgpsicastrum, garden petunias. dshliad,  cinerarias
and Chrisanthemum sp. were found naturally infected.
Gardfer gt al.,(1935) reported some additional hosts for
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C which
TSWV,include cauliflower, ctlery, Nicotiana glauca and

species of amaryllis, Begonia, Broosllia, Campanula,
Cheiranthus, Delphinium, Gloxinla, Codetls, Gavillordie
Lays, Papaver, Pentstemon, Pumula, Salvia and Verbena.

Berkeley (1935) reported thot TSWV from Canada had a
thermal inactivation polnt T " TiiriTs heiuys 45°¢

and the longevity ipevitrg T 0TIl T M2 to

2 hours. Gardoner gt 31.(1935) reported that the virus has
been found to survive 73 hogtcs storage at 0°C. chester (1934)
reported that the virus was ur;stable in.vitro and usually
inactivated by tempersture below 53°C, Receﬁtly Inouye &3 Tige-
(;9?g) reported $he thermal 1nac€1vation point for TSWV was
4p=43°C /== 77" Dilution end point 10°%.10"% and
longevity in.vitro 1.2 hours at 20.23°C.

.~ Electron micrographs of the virusz particles in
negatively st:ained dip preparation shised g herical-pasticles

€. 70-90 nm diameter, but in most csuses ¢olapsed and/or
variously deformed (Inouye gidInsuye 1972).

Rao gt al., (1980} reported that incidence of the
virus on 23 cvs, in the field in rabl 1978 and kharif 1979
'(tgbulated) was 1.98-158.50 and 100 per cent respectively,
me‘llow incidence in rsbi &0S due to scarcity of thrips vectg:-
st thet time. | |
246 Jomato bushy stunt virys (TBSV):
. Fi seher i Lodhnint (1977) reported two varisnts of

o

' 'ITBSV were isolated from tomato and Cepsicum resgpectively.
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This appare'ntlvi:the'first réeport of natural infections
of Capsiclm-ﬁy IBSV. Borges et al., (1979) reported TBSV . ..
from portugal on glasshouse tomats, was identified on the
basls of symptomss; on various hosts inoculated by sap
inoculation, gel diffusion serclogy and immuno electron
microsoopy with TBSV serum strain B=.3. Novsk gt al.,(1980)
reported the flrst record of TBSV on plants of the
Plumbaginacese. Novek gt al., (1981) reported that by
bioassays and seml,.ogicél tests TBSV was detscted for the
first time in Czechoslovakis on lettuce plants with leaf
curl mosal¢ snd small necrotic spots on main and secondary
leaf veins. Novak @éﬁﬁ@fq (1982) gives detalls about the
incidence of TBSV ﬁ plﬁm trees with shorkalice fruit
symptome and in cherry with detrimental cankex.

Novak gt al., (1980) reported that the virus vas sap
transmisslhle'&r."ampbell (1968)reported that st the A.R.C.
virus Res. Unit, Canbridgel, England, attempts to transmit
- TBSV to tomato and Datura stramonium by using e naturelly
occufing tomato associsted isolate of Q. bEassicae as &
vec tor ‘were- unsuccessful, although all the test plants
becane infected by the Qlpidiun. The virus oas also
tranemitted through dodder Sp.l

Novak gt al., (1980) reported Gomphrena tortericum
and Solanum sipusta being new natural hosts for TBRV.

— g — e\

Novak ind Tomaevad (1982) reported some new .natural hosts,includgg
Eragarls gnapassa, Fraxinus excesior, Lopicers henrvi,

el "
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Bobipis psendoacacia, Cotinus cogayrias, Daphue mezereum
Simplg jopenica, Limonium tortaricum and Rumgx cxigpus.
The thermal insctivstion point of TBSV was at 84.85°C,
dilution end point was 10~0 and stability in sep at 22°C uwpto
45 days (Novak gt al.,1981).

Bawden éwd Piie; (1943) reported a new method for the

g,
purification of TBSV. Borges .(1979) reported the igsemetric
. virions by the disp method. Yilmay (1981) reported that the

particle length (a3 about 50 mm (- with isometric rods.

Chord f .ord sirve (1983) reported that of tomato
varieties tested 5 were resistant and 10 télerant. WNo loceal

variety of Caosicum gnnuum was resistant.

2.7 Jomato aspermy virus (TAs):

Tomato aspermy virus was first isolated by Alnsworth
(1939) from chrysanthémum. Brierly et sl., (1995) induced
svmiotoms_ in chrysnathémum on inoculation with the virus of

mossic. Procter (1975) reported that TAV was found in
Chryssnthtmum in No for the first time, in commercisl

gardensin Christechurch, Wanganul and Auckland in New Zgaland.
Ignash:&qiag\?gﬁe {1976) reported that the tobacco cv. Samson

is recommended for multiplication of the virus. When szp of
N. glutinoss infected 10 days earlier,was used as inoculum -
100 per cent infectlovis wexepossible during the summer. Im .
the glasshouse the plants should be grown at ailr temperature
18.28°C. Pop (1979) reported that from 1972, tomato crops

in the Bucharest district showed symptoms of dwarfing and 'z\'

<)
R¥:i]
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marked tip deforxmation, as a result of the absence,

reduction or deformation of leaflets., Tests and serological

regctions indicated that the diséase is caused by a severe
straln of tomato aspermy virus. Kuti dnimaliny (1984) also .
reported the virus from Waryland. '

© Yassin (1975) repérted evidence suggestf_-?;,that tomato
condensed top virus on tomato in Suden is possibly a strain
of tomato aspermy virus. Both viruses can produce nectotic
local lesions snd almost complete cessation of growth 2t
the apex of infected tomato plants, frults are often seedléss

and have abarative seeds.

The virus woi sep, seed, insect and dodder trans:issible

250 reported by several scientists. Procter (1975) reported
that the virus Qds transmitted mechanically smong different
hosts. He also reported thet the virus was 4ransmitted. by

My zus persicas, Yassin (1975) reported that the physical
properties of the virus “wevye similar and both Weve transmitied
by My zus persicae. The viruses wtve serologicsally relsted

and evoke similar response in cucumber. (top virus of tomato,
and tomato agpermy virus). Basky (1:9‘8‘3) reported-ihaze

aphid sctivity was greater in Jung than in July.

Isolate from Companula rapunculoides was seed borne in
Stellaria medis (Ncoxrdam gt gl., (1965). The virus gGKg not
seed borne in N. glutinosa, N. tabascum and Callistephus -
chinensis {Brierley gt gl., 1955). The virus was poorly

e aa SRS

transmitted by QustCuts gubincliisa and C. guropes; not
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transmitted by three other species (sSchmelzer, 1957).

Procter (1975) reported that the virus was trensferred
experimentally to Cslendula officinalis, Iropaeolum magjus,
aster, capcisum, chryssnthemum, lettuce, tomato,

Nicotiana glutinoss, Chenop8dium smarenticolar, tobacco,
Solanum pltrum, Igtrogonia sxpansg and Zinnla. Bounty
spinach was a suitable propogative host, yielding l=-5 mg

virus per 100 ogm leaf tissue 12-14 days after inoculation.
C. guinpa was a reliable assay host, producing necrotic local
lesions 6=9 dayg after incculation (Kutd id rfine 1984).

The longevity of the virus wes 7-11 days and the
thexmal inactivation point 65-70°C, The dilution end point

between 1-50,000 and 1=100,000 (Procter, 1975). Longevity
ip.yitro of TAW by Kuti & Molivp (1984) was 30-48 at 25°G
thermal inactivation point 60.63°C and the dilution end point
10~%10"3 1n Bounty Spinach. ' |
Rapsgt al., (1982) reported thast distant antigenic
relationship between Austrelian strains of the virus were

investigated by three serologicel methods radial double

immunodi ffusion in agar, Elisa and immuno electron microscopy
(1EM) using the antibody detoration technique. Results
indicated that the LISA mothod Wi especially suitable for

studying antogenic relstionships among viruses. Kuti ahd Molive.

PR S,

(1984) reported the psrticle size of TAV wes 30 mm in
diameter with isometric particles.



-2

2.8 Tomato rinaspot virus (TRSV)s

First detected in India in 1930, the disease has since
been found affecting upto 90 per cent (Ssmson and Tmde-1942);
gnith (1932) reported an sccount on its further investigation

of the ringspot virus of Solanum capsicastrum. -
The tomato.ringspot disesse was transmitted mechanically

by the carborundum mathod to tomato, potato end Emilia
sonchifolia from tomats and E. ronchifolia and by grefting from
tomato to tomato and potato. The incubastion period in tomato

was 10 to 16 days, depending on vigour of arowth, the wmore
vigrous growth after inoculetion the more rapidly the symptoms
appear. The virus quick lost its infectivity in extrected
juice, and after one woek was recovered from diseased plants
only with élfficulty, It was not seed transmit't'ed.

" gnith (1932) reported the transmissibility of this

disease by Ihrips tabaci. It also tends to throw doubt on the
authox's previous experiments indicating Myzus persicge as

on pccasional transmitter. Iwskiepd komisp (1974) reported that
s0il of narcissus in Chiba ¢ontaining Xiphipema smexricanum
transritted TRSV to Petunia, air drying of the soil at

22+209C, for l-3 wecks removed infectivity.

snith (1932) reported TSRV's identification with spotted
vilt 6f the tomato. It is highly probable that spotted wilt

5]

has been at times recorded on tomato mosale,stresk or stripe.
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A study of the host iange of the virus showsd that all the
species of Solanscead tested, including potsto, tobacco,
chilli pepper; egg plant and petunia Jese susceptible to it,
and it was not - =< transmissible to lupins, dshlias, asters,/
Zinnalas and plantain. Sailson?(d fﬁ‘é} from India reported
the host range for TRSV., The virus from tomsto and pDaturg

stramonium was succassfully ingculated into other tomato

varieties and 19 members of the Solanaceae, including potato,
Turkish tobacco, Nicotisna gttinis, eggplant, Ruby King
pepper, Hyoseyamus plger, golanum pseudosgpgicum, S.

gurolinense, and Nicandrp physsloides (the two last named
and D. gtrgmonium béing notural hosts), two speties of

Ansranthaceae (A. iricolor and A. retroflexus and Maftynis

louisians : from all these except pepper, H. nlaer, A.
retrasflexus, $: pseudom-capsicum and M. loulsiana the virus
was Yecovered by return inocculation to D. stramonium and

tomato. The symptoms of the ringspot closely resembled
these of spotted wilt (thiough bronzing is not a
characteristic symptom) but the thermal death polnt of the
farmer G4 higher (56 %o 58°C compared with 42°C) and its
host range narrower. Moreover plants suffering from
ringspot were not isolated from infectlon by suspected
| spotted wilt virus. The virus survived sgeing in.vitro
for 21 hours compgréd with 6 fo'r the tomato spotted vwilt
virus. Salazar et al., (1975) reported thst he obtained

a nepovirug from potato in Peru which was destinctly
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serologically related to tobacco ringspot virus., The
virus was inactivatgd in 10 minute at 57=60°C, when diluted

10210 ~% or stored at room tempersture for 9-10 dayé.
Tomato was readily infected and the virus was alwsys systemic

in Ghenopodium amaxrgnticolor,
and g. guines
2.9 Jamato black ring !ixlt;!g { TBRV) s

The virus wes first reported from India by Sastry (1966)
causing ne¢rotic disease of tomato seedlings at I.A.R.I.
New Delhi in 1962, Iwaki s Kowury (1972) reported the virus
from Trumpet ngrcissug with symptoms of mosaic and brown spot,
was identified by trensmlssion, tests, host range, physical
properties, perticle &iz and sex&logicai'réaqtiéns as the
beet ringspot strain of tomato black ring virus, not
previously reported from -Jgpan.

ChernoivanOVa (1973) also reported some dsngerous virus
disesses of potato and tomato. These include map top potato
virug and tomato black ring virus. Buturovic gt al.,(1979)
reported this virus from Yugoslovia, the isolate which

previcusly found on potaio and grape vine, were collected from
sugarkteet, Cspsicum, tobacco and potato. All were

serologically 1dent1cal.
Kaminaska (1983) reported tomato blackring and cucumber

mosalc were isolated from Forsythia in Poland. aAmong 96
plants examined, 45 per cent of the older ones and 34 per

cent of the younger ones are infected. TBRV was the most
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frequent 1solate. The virus hns sapy seed and nematode
transmi tted. ‘

Iwaki 5] Kemuvo (1973) reported that TBRV was seed
transmitted in chickweed (Steliaria) and soybean. Whereas
it Wes/L 707 also trensmitted by infected seed material and
through soil (Chernoivanovas, 1973). Harrison gt sl., 1975
worked on nspoviruses included the seed tranemission TBRV-T
which they found that this si may be determined by RNAL.
Migliori gt al., (1984) from France demonstrated soil
transmission and the nematode Lonoidorus attennatusg present
in the rhi mosphere of infected plants, transmitted the virus

to artichoke, tobacco and physalis floridana. Forer gt al.,
(1975) reported that oxymyl spplied to field soil prevented

L. elongatus from acquiring and transmitting TBRV for at

least 6 weeks, although number of nemastodes were not greatly

decreased Compared with the untreated control. Glasshouse

and lab tests showid that o:iamyl (1 ppm) in soil water largely
prevented L. glongatug transmitting virus to bait plants over

a perlod of 1 month Xiphinemg diversicaudatum was equelly
affected by smaller cones. O.l ppm being sufficient to

inhibit virus transmission in one test. Harrison gt al.,
(1961) reported that ot Rothamsted and the Scot. Hort. Res.

Inst., Invergowrie, Dudde, L. slongatus was alwsys found in
soll where patchee of plants in rospberry and straweberry
plantotion were infected by the beet ringspot (Scottish)
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straln of TBRV, but wss seldum discovered, eleswhere in the
same plantation.
Host range kas wide and infect many species of wild and

cultivsted monocotyledonus end dicotyledorius plants. An
isolate from Robinis psgudoscacia infected 76 gpecies

in 29 dicotyledonous families after mechanicsl inoculation
(schelzer, 1963) Chenopodium smaranticolor, C. auinoa,
Nigotiang rustica, N. tgbacum, Phassolus vulaaris, Petunis
mﬁ_zigg and N. clayvelendii .

In tobacco sa&p, the virus useually loss{ > infectivity
after 10 minute at 60.657C, storsge ot room temperature for

2.3 weeks or dilution to 30~10"% The lesion number
decreases with dilution by more then the dilution factor

(Harrison, 1957). Buturovic gt al., (1983) reported that
TBRV was inactivated at 60-68°C and the dilution end point

was 1040 .1.0" 6, . The virus particle : 77772 77) was isometrie,
akout 30 mr in diameter with a S5- or 6. sided angular
outiine (Harrison o al., 1960j.
2.0 pezu tomato virus (PTA):

Reymer gt al., (1972) described for the first time

8 new virus of tomato causing lesf distortion, stunting. and
gevere yield reduction was isolated from tomato plants

near Trujilloy, peru. The virus wag designated as peru tomato
vipugs (PTV). The viruswaz classified in the potyvirus group.
on te basis of partiele moxrphology, sphid transmissibility,
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induction of cylindrical inclusions in infected cells and

serological relationship to some poty viruses(FernandeRs
Northeote gt al.: 1979).

The virus was transmitted by vector Myzug pexsicag
after scquisition access perdod of 30 second imoculation

access times of 15 minutes (Raymer gt al., 1972) seed
trangmission was not detected. Seedlings derived from

infected plants of tomato.pepper and Nicotians physalodes
were virus-free, Netural infection was-I7T7 detected in

tomato, pepper, Rhysalis pernvisna, Solanum pigrum snd
Nicandra phyralodess Except for a few Chenopodiaceous
specias, which resctdwith local lesions, the host range

1o ,
dotg xestricted, the family SolahaCese. No infection was
obtained by sep inoculation of 84 species and 2L cultiver

in 17 fomilies (Fernandea=-Northcote, 1978; Fernandexe
Northcote gt al., 198033 Fribourg, 1979).

Raymer ot al. (1980) reported some host plants for
were,

PRV o¥eh, Lycopergicon pimpinglld folium,Nicotiona debnewi,
N. gccidentalissd He also reported that virus was transmitted
by My zus persicae in a non persistint manner. Datura
gtramonium was immune to PIV.

In Burley 21 tobacco sap, the virue uds inactivated
by heating to 558.60°C for 10 minute or by dilution beyong
10>, It retsirsinfectivity after storsge for 10-21 days
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at 20.22°C. Infectivity survived for 8 years in tobacco

leaves dried over anhydrous CaCl,. Raymer gj..' 21.,(1980)
reported that dilution end point of the virus in sap was
1;1000.1:10,000 and the thermal inactivetion point was
60=-70°C.

Raymer at ,a;_'. ().980) reported electron micrographs of
leaf dip  from infected tissue contained flexous rods 750 mm
in length and particle vddth is about 12 mn,

e T, -
e o
R SN



t !’ .*
1 . - %
. i ' \ B ..“. ' \
. *
] ) - “ R
a &
| %
N B “ %
_ - R
' o -, M
* b ' ' .‘*.
. *
~ [ } "
. A TR
: -
. x - , .
. X -
sl - %
i ' k3
' . £ 4
- g
. S m
| ! ok
‘s
%
. g
) PR
. : . . L&
i V. . ' . - [ - *x
- : : A ¢ _
.*.*‘***:*t*#*_*********#*****J******f****#***..*****‘*****t.‘ﬁ‘**ﬂ*#*
i 1, ' ! . _.. - .. - - ! ‘*. ! -
. 4 ) “.: ) , :N\ a‘ . > .
N .un\. Y] . \Y] . RN F T y !

/e



MATERLALS AND METHODS

3.1 mmmmw 1
The initiol source of the virus inoculum

was from field grown cultivars of tomato showing
severe mosalc, leaf distortlion and leaf eleongation
gymptoms, For Lsolation of virus, the stock culture of
the isolate was maintaingd seperately in glasshouse on -
Nicotiana g;hqt_,_imgg_ for further detailed studies.

3.2 Ironsmdssion studigs:
3.2.1 Mgchenical trensmission
For mechanical transmission, inoculation were made

by conventional leaf zrub methed. Inocul@‘nf‘;_@as“f.“i;

prepered by triturating symptomatic leoaves of Nicotlana-
glutinosa with 2 mortor and pestsl in a cold, OJd M
phosphate + merchaptéethenol buffer (pH 7.0) and spplied
with cotton swab to the leaves of text plants previously
dusted with 800 mesh carborandum. The tgst plants were
inoculated by conventlonal leaf rub method with & cotton
gwab, Carborandum {800 mesh) was used as an sbrasive.
Immeﬁ.ately after virus inoculstion, lesves of thg test
plant were rinsed with tap water. The plants used for
mechanical inoculation were raised from heslthy seeds
in carthen pdts containing stim sterilized soll, sand
and compost (2:1:1) mixture. Test plant were maintained
in an insect free glasshouse for 4«6 weaks and observations

were recorded with respect to the sequence of symptom
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development.

3.2.2 fphid trangmission
For gphid trensmission, cotton apbidg

(fphis gossypil Glov.) raised from single aphid colony

were used. Foxr reising en’ gphid colony, the healthy
leaves of cotton were placed in different petridishes,

on a slightly wet filter paper and sn apterous form of
sinole sphlid was transferred with small camel hair brush
to the test leaves. Petridish was closed for eight hours
and the newly borna asphlids were transferred to healthy
seodlings of cotton. The healthy seedling of these plants

were kept in muslin cloth cages and epterous forms of ephids

were transferred to ¢lean petridishes for one hours of

pre-Ocquisifiewr fasting. This was followed by an acquisition
foeding of 40-60 second on detached virus infected leaves of

Nicotiana glutinosa, easch aphid during the virus acquisition
probe was watched with a stereco~microscope and timed with
@ watch. Aphids were allowed to make only brief probes

of 40=-60 seconds duration. Aphids still ip probing position
at 40 seconds were picked off with small camel hsir brush
and transferxred in katches of 2,5,10,15,20,25 and 30 to

~ elght healthy Nicotiana glutinosa plants for inoculation
feeding of one houxé. Later éphids were killed by spraying
with 0.02 per cent dimethoate insecticide. . and plants were
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maintained in an insect free glasshouse for 4-6 weeks

and the observations were recorded for the symptoms on
test plants. The healthy seedlings receiving non

virulifercus aphlds served as control. Test plants usged

veveNicotiana olutinoss dnd tomato.
3.2.3 gogd transmigsion i

For seed transmission, the seeds wore collected
from virus infected tomato plants. Seeds were sown in
earthen pots containing steam sterilized soil, sand end
compost (2:1:1) mixture and maintained in an insect free
glasshouse. The observetions were recorded for per cent
seed germination and the level of seed tranemission was
calculated by counting diseased plents from total
population.

8.3 Ehysicsl propertles :
The studies on physical properties vi z. thermal

insctivation point (7TIp) , dilutation and point (DEP) and

lonoivity ipevitro(LIV) were carried out by following
procedures.outlinéd by Bos gt al. (1960).
3.3.1 Therpal inactivation point (TIp):

The virug infected Nicotiena glutinssa leaves were
used as source for crude sap for determination of thermdl

inactivation point. Aliquotes of 2 ml sgp was pipetted
in each of 10 test tubes and subjected separately for 10

minutes exposure to heat treatments at 40,45,50,55,60,70,
75,80,85 and 90 in a thermostatic water bath and
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immediately after the heat treatment, cold water was

run over outsides the tukes to cool the contents, Each
 heat trestment was inoculated on ten uniform sized

leaves of Chenovodium smsranticolor assay host. The leaves
of an assay host similarly inoculated with unticated standard

extrasct served as control. All inoctulated plants were

maintained in an insect free glasshouse, Observations were

recorded for lesions of an assay hosts.

3.3.2 Dilution end point (DEP):
An experiment was ¢onducted to find out upto what

extont sap could be infective after dilutions, the

inféctive extract was diluted Bn ton fold (xlo) series
from undiluted 10t to 10"1Ceach dilution trestment was

inoculated on ten uniform sized leaves of Chenopodium
ameranticolor. Inoculated plants were malntained in an

insect free glasshouse. Observation were recorded
for lesion counts of an assay host. The sums were plotted

on logarithmic scale against the dilution on an arbitrary
linear scale.
3,3.3 i inuvitr 3

In order to know the longivity of virus in crude sap,
an experiment of aging 1ggg;i;g,was carried out. Standard

axtract was kept at room temperature (25~35°C) in a

rubbér stoppered tubes. Sap stored in this condition
was inoculated at an intervsl of 15 days on healthy
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seedling of Chonopodium amaranticolor assay host. Each
treatment was inoculated on five unifﬁxm sl zed

,leavés of Chonopodium smaranticolor assay host. The
inoculated plants were maintained in an insect free

glasshouse and observation were recorded for lesion
counts and sums were plottied on a lﬁgrithmic scale against
the time on an arbiirary lingar scale.
3.4 Hogt range |

For host range studies, twentythree selected plants
specigs belonging to different families viz. Améranthaceae,
Gheno;:odiaceaé, Compositae, Cucurbitsceass, Leguminsceze and
Solanaceae were ralsed from healthy seeds in earthen pots
containing steam sterlized soil, sand and compost (2:1:1)

mixture and maintained in an insect free glasshouse.

Five plants of each hosts species were inoculated with the
sap extractsd from virus infected Nicotiana glutinoss
systemic leaves by conventionsl leaf rub method. All

the leguminous plants were inoculsted on primary leaves

before the emergente of first trifoliate. All other
plants were inoculated on the first leaf or full

expanded leaves. The inoculated hostl plants were oh
-gerved for 4«6 weeks.  The plants that did not show any

symptoms after the period of 4=6 weeks were back indexed,
on Nicotlana glutinosa test plants for detection of latent

infection if any.
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The host range experiment was conducted during
September, 1984 to June, 1985 and the temperature ranges
were minimum 17.74°C and maximum 45.17°C and humidity range

was AM 61.52 and PM 26.02 per cent.
The following plants species were used as test hosts
for tomato mosalc virus.

1 Amaranthacean

1. Gomohrena globoss L.

II  Chengnodiaceae
2. Chenopodium emaranticolor coste and Reyn.
3. C. Quinga Willd .
4 ¢ dbm

| 5. C. murale L. .

IIY Compositae

6, Zionia glegans Jecq.
IV  Cucubitacese

7e ng_mig w Le¢ €V kheera;
8. Cucurbdta moschata L.

v Laguninosae
9. Archls hypogaga L. SBEXI
10. Phaseolug vulaarig L. cv. local.

11. Vigna unquiculata (L) Walp cv. C.152.
12. V. radista (L) wilczek S1.
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13. Canaralia insiformig DC.
14. Limabean Piaseolus lunatus L.
15. B gotivun L.
vi Solanaceae
16, Gapsicum enpuum L. ¢v. NP=46=A
17. Paturs stramonium L.
18. Lycopersicon esculentum Mill cv. Ksrnatska Hybrid
19, Nicotiana tobacum L. cv. White burley,
20. N. agultinoss L.
21, N. zustica L.
22, petunia hybrida Wlm.
28. Solanum nigrum L.
3.5 Purlfication 1
The partial purification of the tomato mosalc

virus was carried out by following the methods described
by Bald and Suzaki (1974) method and Clark.’ (1968) method.

with the following modificstion.

3.8,1 Bald and guzukd (1974) method:
100 g tissue of the virus isolate from while burley

tobacoco showing typical symptoms were homogerdzed in
a blender with 200 ml of distilled water containing 0.3 g

sodium sulphate (anhydrous),0.9 g hentbnite and 18 ml of
n.butanol (7 per cent acqueous solution). The resultant

slurry was vaccum filtered through muslin cloth in a
Buchner funnel. The filtrate waes then centrifuged at low

speed (6000 rpm) for 20 minutes in & Janetzy K-70
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refrigerated centrifuge by using super speed attachment

rotor. High spoed supernatant was discarded snd pellet

was resuspended in a distiled water, about 1/10 of original
volume and pooled sample was further subjescted to second
cycle of low speed (6000 rpm) centrifugation for 20 minutes.
Low speed pellet was discarded and to every 20 ml of
gupernatant, 1 ml of 7 per cent nebutanol was added, Second
super speed centrifugation was run at 17,000 rpm for 90

minutes, Supernatant was discarded and final pellet wes
resuspended in a 0.1 M phosphate buffer (pH 7.0). The

evaluation of purification procedure was done by inoculating
test plants with virus preparation at each steps.

3.5.2 Modified Claxk (1968) procedure:
The leaves of white burley tobacco plants 20-25 days

after virus inoculation were used in this purification
procedure also. The tissue (100 g) was homogsnized in a
waring blender in 0.2 M phosphate buffer. pH 6.5 (1.5 m/g
leaf), containing 0.5 per cent 2-mercapthoethanol. The slurry
wag squeezed through muslinand shaked) with 20 per cent (v/v)
chloroform, followed immediately by centrifugstion at 4,000
rp (R-30 rotor) in a VAC 601 model of Janetzy refrdiferated
ultrscentrifuge for 5 minutes. Excess chloroform was removed

by blowing alr on to the surface of the continuously stirred

liquid. The Yirus was then sedimented st 18,000 xpm
(3-46 rotor) for 90 minutes. The virus contasining pellet
was suspended in 0.01 M ammonium acetate st pH 6.5 and finally
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centrifuge at 4,000 rpm (4500 g) in a K70 model of Janetzky
refrigerated tontrifuge for 5 minutes. The supernatant was
used aé partially purified preperastion in infectivity test,
electron microscopy and serology.
3.6 Elgciron migrosCopy:

Partially purified virus preperations were used
ih‘electron microscopy. Partially pumifigd virus
preperation,; was fixed in 2 per cent formaldehyde for 10O

minutes. A drop of fixed virus wes transferred to 200 mesh

coppergrids coated with formver membrane and carbon. After
5 minutes, excess liquid was removed with filter paper,

stained with 2 per cent phosphostungsti¢ acid (PTA) pH 7.0
and examined in a Philips model 201C transmission
electron microscope at 60 kv. The microscope was

caliberated employing germenium shadowed carbon

replica having 21,600 lines/em. The actual magniflcation
was used for Computing the size of the virus particles.

3.7 Sexology:
®or establishing the serologicsl relationship

of the present Virus with the tomato mosaic virus,

the serological test viz, drop precipitation test on

slide, ring interface precipitation test, in tubes
were employed. Antiserum of tomato mosalc virus (TMV)
isolate sntigera of cucumber mosaic virus, tobacco mosaic & PVX

oktsined from CPRI Simla sweve used in serological test. 3he
serological test are described as below.



' Drops of tast antigens were mi xed directly with

drops of specific anfiserum on mocr6§cop1c glides.
These were incubated under high humidity for s few
hours at shout 20°C and exemined under a microscope

at aboﬁt 40x. The diluent used for antigens and
antisera was phosphate buffered saline (PBS) : O.0L M
(neutral phosphate buffer +0.15 M NaCl).' The antiserum

dilution used was 1:4 and antlgen 1:10. Healthy sap
from white burley iobacco, PBS and normal serum were

included as controls.

3.7,.2 Riga interface precipitin test (Ball, 1974):

Two fold serlial delutions of antligen or

antiserum was made in phospliate buffered saline (PBS).
0.01 M neutrsl phosphate buffered + 0.=5 M NaCl.

Antiserum dilutions were madé in 30 per cent glycerine. A
small volume (about 0.5 ml) of sntiserum in glycerine

was placed in the botton of the tubes (10x74 mm in
diameter). The placed antigen (sbout 0.5 ml) in PBS

was overlayered carefully by holding the tukes at
sharp angle and by using pipette to assist the flow
of the antlgen down the side of the tube so that

the conteat wlth the antiserum was made very gradually.
Then the tubos were placed upright in a rack and
incubated at room temperature. The observations were

made for presence of precipitate st interface betwsen
antigen and antibody.
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2.8 ant I tion :

For production of antiserum, Newzealsnd white inbred

rabbite were .given four intramuscular injection in the
hind leg at weekly intervals. with 1 ml of partially

purlified virus suspension mixed with a equal voiune

of Freund's incomplete adjuvant. Seven days after

the last intramuscular injection, an intravenous injection
(Booster) with 1 m of virus in 0.5 ml phosphate buffer

was given in the marginal. vein of rabbit caer. Bleeding was
done after sevendays after the final intravenous injection.
Serum was collected and stored in vials at O to 4°C in
frocze after having added few drops of sodium azide (0.025
per cent). The titre of the antisurum was determined by
the ring interface precipitation test.

3.9 Verietal screening :

Test tomato varieties/lines were grown from healthy
seeds ‘in garthen pots containing steam sterilized so;l. sand

and compost (2:1:1) mixture snimsintained in an insect free
glasshouse, First formed true leaves of test varieties/lines
were inoculgted with infectlous s& by leaf ¥ub method. Ten
plants per test verleties/lines were inoculated for esch
sample.

1. Susceptable (S) = Varlieties/Lines rescting with either
local or only systemic symptoms or wot!
Varieties/lines reacting with only
local syrptom and virus not

2. Resistant (R)

il

recoverable by back inoctulation on

test plant from noneinoculated
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3, Tolerant (T) = Varletles/lines free from both
local and systemic symptoms
but virus recoverable by back
inoculation on test plant.

&, Irmune (I) = Varieties/lines free from both

' local and systemic symptoms and
virus also not recoverable by
back inoculation on test plant.

The following tomato varieties/lines were used in

scroening experiment.

- 1+ Pusa ruby

2, Selectiona.l

3. Hybridel0

4. Punjab zubari

5. Selectionel3

6. Selection=19

7. 580=l=l

8. Hawaiiw7990

9. Karnateka hybrid
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RESULTS
4,1 Mech G transmissl H

The virus of tomato was readisly tranemitted by sap
inoculation with 0.1 M K~phosphate buffer # 1 per cent
z-marcaptoethanol (pH 7.0) from tomato to tomsto. On
tomato plants after inoculation the virus ’B;i;&ifﬁé_{r“_}q’&jzsaﬂgad
any local symptoms. Systemic symptoms were induced by .
the virus after about 22 days of inoculation. These included
mosaic, followed by leaf distortion with considerable ],.eaf'
elongation of the plants. Finally the shoestring like
symptoms were shown by the plants. In some varieties of
tomato mottling of leaves and blistering and malformation
of the leaves were shown (Fig la,b).
4.2 pohid transmission |

The results on sphid transmission of tomato mosalc

virus indicated that the cotton aphid i.e. Aphls gossypii
falled to transmit the virus from tomsto to tomato and

other test host i.e. Nicotiana glutinosas in the non.
persistent manner.

The results on seed transmission indicated that out
of the 180 seeds grown from infected plants of tomato, one
hundred and thirty were germinated. The level of seed

transmission was to the extent of 30 per cent in tomato
variety Puse Ruby (Table 1),
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4.4 Physicel properties 3

The results on physical properties in crude sap _
viz. thermal inactivstion point (TIP), dilution end point
(BEP), and longevity in.vitro (LIV) are shown in Table 2
ahd also presented grephically in Flg 2a, b end ¢. It is
revealed from the table end graphs that the virus was
inactivated between 80 and 85°C and between 10°7 and 1078
dilutions. All the inoculated leaves of the assay host
become infected at temperature to 80°C but not at 83°C,
However, local lesions decreased progressively as the
temperature were increased. All inoculated leaves of the
aesay host became infected at dilutions to 10”7 but not
at 10’8; local legions decreased progressively as the
dilétions were increased. The virus was ﬁiahle upto 40
days at room temperature (27 to 30°C). ALl the assay host
inoculated leaves became infected upto 40 days. However
local lesions decreased progressively as the aolng was
increased at room iemperature.

4.5 Host ranoce :

The virus of tomato had fairly wide host range and
infected 12, out of 23 plant specles belonging to
Anaranthacteae, ChenopodiaCeae and Solanaceae femilles.

Of the 12 susceptible hosts, 3 were local hosts, 7 local

lesions hosts included Comphrena globosa (Fig 3a),Chenopodium
gulnoa and C., murgle. The local and systemic hosts included

&+ amaranticolor (Flg 8bpdand Nicotians rustica. The only
systemic hosts &ncluded kycopersican esculentun,N., glutinosa



*SBARDT OATY UO peseg jsoy Aesse
TOTOOTJUETC U INTPOUGUSY) UO SUCTSET 3O Ioqunu obexoae ussexdax seanby = q

GITIA-UT Agpnefuot = ATY
jutod pus ucPNIW = &Q
uTod UOTEATIORUY TPMISYL = dIL = €

- - 0*0 06 T

00 05 00 op=0T 00 8 “TT

0°0 = o0 =0T ez - o8 - -oOf

¢ T or 0°0 g=0T 2°s cL ‘6
i 2'e ce LT 10T g°TT oL ‘g
2L oe e'g o=0t i 9 )

8°2T ez 9*or =0T 9"c2 09 )

geT o2 9°9T =0T 0'1e = ‘¢

Lee &t L2 . £'98 0g ¥

Le6g ot 0°1€ -0 - 8Ty = ‘€

o*se S peve 10T o Ly oF ‘z

8°0g Tox3u0 @°0g TOT0)  ,8°0G  [OXUD T

Yoon siepuraTt USRS qn SRS T qumw

. SR TR U

*032m03 3O JYeSOW aIOASS HUTSNED SNITA @ Jo saijradoxd eosiyd 12 2T@eL



ate
50} Xaxis -1¢nie 10°C Temp,
Y axis -2cm = 10Lesions”
40}

v

10¢

—— NO. OF LESIONS
‘ o
o

Con40 45 50 55 60 65 70 75 80
- TEMPERATURE(*C)———s

Fig.2a:Thermal inactivation point (TIP) of a virus causing

severe mosaic of tomato.
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Fig.2b:Dilution end point (DEP) of a virus
causing severe mosaic of tomato.
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Fig.2¢:Longivity in vitro (LIV) of a virus
causing severe mosaic of tomato.
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(Fig 4a), N. itabacum (Flg 4b), petunia hvbrida, Capsicum

annuum, Daturs gtromonium and Solapum pigrym. The local
symptoms produced on /..~ 7 - three hogts were eithlier nectroic
local lesions or chlorotic local lesions. The two local
. and systemic hosts produced symptoms necrotic and chlorotic

local lesions snd mosei¢ and leaf distortion on N. rustica.
"Saven systemic hosts, systemic symptoms preduced on these

hosts included mosaic,. leaf distortion, leaf elongation,
mottling and stunting (Table 3). The non hosts of the
virus included C. album, Zinnia, cucumber, groundnut, french

"bean, cowpea, mung bean, swoard bean, limabean and pea.

4.6 purification :
4.6.1 Bald and Suzeki (1974) method :

The resulté of infectivity test during different steps

of purification are given in Tskle 4a. Itis revesled from
the tatle that the partially purifled virus was infectious
to C. gmarsnticolor assay ‘host at I1Q™ 7 $1utions based on
the original weight of the tissue (Table 4b). It is evident
from the table thst loss of virus was found .at all the steps
“of purification, ‘x_‘heréfore. this method was not found to

be sstisfactory for the partial pwification of severe
mosalc virds of t@_a’ho;

4.6.2 podified Clark (1968) method :

The result of infectivity test during different
steps of purification are glven in the Table 5. It is

revealed from the table that the partially purified virus
was infectious to C. amersnticolor assay host at 107°
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Takle 4 a ¢+ Purification of a virus causing severe
mosaic of tomato aftor Bald ond Suzuki
(1974) method.

Treatments Virus isolate

1 Crude sap 32.5%
II Crude sap + buffer 35.0 |
III lst cycle L
1 Low gpegd
8. Pellet 30.0
be Supernstent 55.0
2 Hioh speed
| a. Pellet 140.0
b. Supernatant 70.0
v ' 2nd cycle ‘
1 .Low _speed,
a. Pellet 20.0
bs supernatant 140.0
¢, Supernatant+7% n-butanol 60.0
2. Hioh speed
8. Pallet 180.0
b. Supernatant " 55,0
3 Low spead
as Péllet 35.0
b. Supernatant 160.0

a8 = Average number of lesions on C. amaranticolor based
on five leaves.
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Table 4 b : Dilutions of partlally purified virus.

Virus preperatioh Ié?. of lesiong gn
I  Undlluted 160.0

II Diluted

1. 107t 70.0

2. 1072 62.0

3. 1073 55.0

4. 104 37.0

5, 10=>" . 23.0

6. 109 10.0

7. 10™7 2.3

8. 10™8 OO
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Table 5t Infectivity test during purification steps of
severe mosaic of tomato following procedure of
Clezk (.‘.9’68) .

Purification steps . Infectivity test

I Extraction sap

Tissue + buffer _ © . 40.5%
I1 Clarification by low spesd

centri fugation . ‘

a) Pellet 8.0

b} supernatant é0.0
IIX Clarification by high speed

centrifugation

a) Pellet 205.0

b) Supernatant 11.0

IV C(Clarification of suspended pellet
by brief centrifugation

a) pellet 13.0
b) Supernatant 321.0
V  Partislly purified virus preparation

Dilutions: m-l 198.0
| 1072 124.0
1073 98.0

wt 76.0

12 63.0

1076 | 21.0

107 11.0

10-8 9.:0

10~ 3.0

10710 0.0

#* = Average number of leslons based on five leaves of
. G+ gmarsnticolor.
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dlutions based on the original weight of the tissue.

It is algo evident from the table thet no loss of virus

was found at all the steps of purification. Therefore,

this method was found satisfactory for the partial purification
of severe mosaic of tomato. Of the two methods, the method,

7 modified Clark (1968) wass found comparstively better
than the method of Bald and suzuki (1974) for partial
purification of severs mosalc of toﬁato.(Thhle 6).
4.7 Electron microseopy:

Eléctron microscopy studies indicafed that the partially
purlfied virus preparétioné contain conslderasble number of

slongaged flexible pérticles measuring 540 m in length(rsys),
4.8 sarology

The results on serological tests ove shown in Table 7
The fidd tomato virus eitherin crude, c¢larifiéd, or in
partially purified prepaeration was serologically related,
to potato virus X bui not with tomato mosaic, tobacco
mosaic ond cucumber mossi¢ viruses.

4.9 Antiserum production : ‘

The particulafs about antlserum production of the
virus is given in Table 8. The virus was found to ke
a‘modefate immunogen. The titre of the virus eg determined
by ring iﬂterface precipitation test was 111024, The
homologus entiserum gave reaction with ssp from healthy
leaves of N. g;u;;ggéa tobaCCQ;planis upto 1§ 32 dilutlons
in ring interface precipltation test but not with PBS
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Table 6: Comparative infectivity test used foxr the
purification of severe mosalc of tomato.

d

Purification test Purification profedurss
nd infec x

Bald and Suzuki Clark

{1974) {1968)

Partially purified virus
preparation.

A. Undilutad 160.0 321.0%

B. Diluted
T 70.0 198.0
102 62.0 124.0
[To 55.0 98.0
10*4 37.0 76.0
107 23,0 63.0
10~6 10.0 21.0
10~7 2,3 11.0
10 8 0.0 " 9.0
107? 0.0 3.0

1010 0.0 . 0.0

* = Average number of lesiong produced on C. gmaranticolor
based on five leaves.
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Table 7 : Serological relationship of & virus causing’
gevere mosalc of tomato with other viruses,

!\%: antl gerum# Reactions**
l !~ mv ‘ -
2 PVX o
3a ™My -
4. ToMV- -

= MV = Cucumber mosal¢e virus

PUVX = Potato virus X.

PV = Tobascco mogsic virus .

'ro;'tw = Tomato mosaic virus
wn = b = Serologically related

- = Serologlically not related.
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Table 8: Particulars akbout antiserum production.

1.

2
3.
4.
5.
6.
7.
8.
9.
10.

11.
12.

13,

14,
15,

16,
17.

Antigerun against

Identi fication numberxr
Virus purified from

Number of injections

“Types of injection

Injection intervals
Dste of injection
Date of booster

Date of bleeding
Titre against virus
Date of determination

Mathod of determining
titre

11tre againgt host
congl tuents.

Date of determination

Method of determining
titre

Storage
Suggested method and

Severe mosaic of tomato.
tomato isolate.

N. 'g;ut;n_o_sg.
4

Intramuscular with Preund's
incomplete adjuvent.

Weekly.
3lel-88 to 20280
w285
Swe3=-85
1:1024
10-3.8%

Rin% interface precipitation
and drop precipitstion

1132

10w 385

Ring intearfate precipitation
test. ’

at 4°¢ in freeze
Ring interface precipitation

dilution for serodiagnosis test at 1:64 dilution.

Préservative added

Ne-azide (01025%) few drops.



Fig las Systemlc symptoms of o wvirus causing
severe mosalc of tomate on Lycopersizi-

gsculentum (Mosaic symptoms).

Flg 1bs Systemic symptoms of s virus causing
severe mosaic of tomato on Lycopergico-
gstulentun (Shoewstring like symptome)






Flg 2a: lLocal symptoms of a virus csusing
severe mosalc of tomato on Gomphrena

globgsa.

Flg 2b: Local symptoms of a virus causing

severe mosaic of tomato on Chanopodir:

Flg 3c: Systemic sympioms of a virus causing
severe mosaic¢ of tomato on Chenopadiv::

amarsnticolor.






Fig 48: Systemlc symptoms of a virus causing
severe mosalc of tomasto on Nicotiono

glutinesa.

Flg 4b s Systemic symptoms of & virus causing
gsevere mosaic of tomato on Nicotione
Ysbgcum cv. vhite Burley.

%
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and normal serum.

4.10 Varietal secreening

Of the 9 tomato varieties/lines screered,
riéi-t a singief varjety was found £ 74mmune whereas:only
ong found ‘bolerant to severe mosalkc of tomato virus
{Table 9). The tolerant variety/line include Hawaii=7990.
All other varieties/lines sgtreened were ,suscey;ti-blé.to
the virus, | o
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Chapter-5
DISCUSSION

The present virus isolate is identified as potato
virus X (Potex gro‘up, Fribourg, 1975) based on particle
morphology and diameter, serology, seed transmission,
physical properties and reaction of the éelectad host.

The result on the mechanical and seed transmission
o‘f' the present potato virus X wefe similar to those reported
by Reberts (1948), Wilkinson and Bladgett ek al.,(19:8),
Verma and Baranwal (1983) and Dubey (1983). The results on
aphid transmission of the present virus are negative and
those are similar to reported by Verma and Buranwal gt al.
(1983).

As for the physical properties of the severe
mosaic virus of tomato they fall in the general range of
physical properfies reported for potex grou (Fribourg,1975).
Thermal 1nactivat16n point of the present severe tomato
mosaic virus was found to be slightly higher than the one
reported by Dubey (1983) and Allan et al.(197%4)., The
dilution end point was found to be similar to PVX reported
by Fribourg (1975) and slightly higher than the one feported
by Dubey (1983). The ageing in-yitro of the prekent severe
tomato mosaic virus was similar to one reported by Allan
et al.(197%).

_ The reaction of 23 selected hosts of the present
virus vas simi‘.l.az: to those reported by Dubey (1983) except
Gomphrena globosa test plant of PVX, Allan et al.(1974) and

: Frivourg (1975) reported that Gomphrens globogs was good
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“local lesions host of PVX. Our results are similar ss

reported by (Wilkinson and Blodgeti, 1948; Allan%i&ﬁtl
and Fribourg, 1975). For the partial purification of
the severe mosaic of tomato virus, method outlined by
Clark (1968) with modification m‘ spead wass found
satisfactory’ than the method outlined by Bald and Suzuki
(1974). Since these method have not been emplayed by
other workers for the purificotion of potato virus X
infecting tomato, comparieipn is limited, As for
particle mozphology and dimentions are comcernad the

Present virus wisssimilar to potato virusX{Dubey, 1983).
The present virus is serclogically closely related to
potato virus X. 7The present virus isolate is & moderate
immunogen and gives high titred antiserum’ CTTELTITY
(RSl PSSR A T 0 7(Ball, 1974). On the basis

of particle morphology and dimention, seed ﬁanmission.
host rangs, physical properties, serology and electron
microscopy the present virus isolate., csusing severe
mosaic of tomato is ldentified as a potato virus X,
tomato strain.
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SRMARY

A virus cousing severe moseic of tomato was readily

~ transmitted by mechanical means and through the seeds of

tomato. The virus was not trensmitted by éphid vector.
Iﬁe virus was seed borne in toma@o‘cultivars viz., Pusa
Ruby (30.00 per cent). The virus was inactivated between
80 to B50C and between 10~"to 108 gilutions. The virus
was viable upto 40 but not 45 days ot room temperature.
The virus infected 12, out of 22 plant species belonging
4o Amaranthaceae, Chanopodiscese and Solanasteae families.
The hostsof the virus included Gomphrena globvsa,
Cheopodium guinoa, C. murale, C. gmaranticolox, Micotigna
ic,www.u.mu-w
g;ugia I'.! ida, Cogpgicum annuum, Daturs gtramonium and
gxggggglgggyggg. The non hosts of the virus included
C. slbum, ZAnnia, Cucumber, groundnut, french bean, cowpeay
mungbesn, Swoard bean, limsgbean, and pea.

For the partisl purlfication of the virus the method

émtlined‘by Clark (1968) was found to be satisfactory than

the method outlined by Beld end Suzuki (1974). Partially
pu‘rj,ﬁed virus preparation contained considerable number

of elongated flexible perticles messuring 540 nm in length.
The virus was found serologically related to potato virus
X {PVX) but not with ToMV, ™V and QMV. The virus was



=52
- fgund to bas a moderate immunogen since the homologous
antiserum tltre was 131512. Based on particle morphology,
diangter, host range, aphid transmission and serological
properties, the present virus isolate , causing severe
mosaic of tomato is identified as a member of potex=virus
group. Of the 9 tomato varieties/lines screened, mnone

was found to be resistant to severe mossic of tomato virus

(Potex virus).
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