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INTRODUCTION



TNTRODUCTTON

Snake gourd (Trichosantlies ansuina L.) is ons of the
pajor vegetable crops of Kerala and 1s heing exteonsively
cultivated throughout the other parts of India ag well.

A mumber of diseases affecting ‘chis crop have been reported
from RKerala and otheor stetes of the coummtry. Anong then

the virus diseases are knoun €0 cause serious dasaze to the
crop wheraver it 1s cultivated. Snake gourd plambs with
mosaic Byipboms were rgported from different parts of India
by meny seientists (Shanker eb al., 1969, 19723 Verma ot gl.,
1970; Jaganathen and Aamakrishaan, 95713 Nagarajen and
Ramelkrisknan, 1971a and Dubey gt 8l., 1974}, Occurrence

of snake gourd mosaic in Kerala was flrst reported by

PL11ad (1971), |

Snake gourd mosaic is a very common and destructive
discase of snake gourd seeen in many parts of India. This
discase is found to cause severe damage to the crop culti-
vated in all parts of Kerala glso, The characters of snake
pourd mosale reported from different parts of India ars
not very much similar and hence the identity‘ of snake gourd
mosalc virug isolates reporited from different parts of
India is gtill not very clear. Only very little attempt
has been made so far $o identlfy the snake gourd mosaic
virus ocourring in Kepals, Thorefors in the present



investigation an attempt has been made 4o identify the virus
and €9 study other aspects of the diseane.

The foliwiing detalls have been worked out during
tha course of the imesﬁ;.gation »

1+ Symplomatology

2, Tremspission of the virus

3+ Physical properties of the virug

L, Vectsrevirus relationship

5. Host-range and lscal lesion hosts
6. Berologlenl properties of the virus
7. Yarietal mcreening

8« Egtimation of loss
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REVIEW OF LITSRATURE

1. Symptomatolozy

Snake gourd plants with virus like symptoms have been
observed in India since 1967. Shankar gt al. (1969) reported
a mosalc disease of gnake gourd which wag characteriged by
a mosaic pattern of irregular dark green and yellow chlorotic
patches on the lamina, The affected plants were gtunted,
produced fower £lmiers end shoved leaf crinklings. The causal
virus was ldontified as cucumber mogale virus. Verma et gl.
(1970) vhile investigeating the virus disecoses of snake gourd
in Utter Pradesh, reported that the leaves of tha infected
gnake gourd were variously malformed, reduced in sgize and
showed dark green mogalc mottlineg svmptomss The virus was
identified as Cucumig virus 2B, Nagarajsn and Ramalkridshnen
(19771a) studied cucurbit viruses in Madras State and reported
the occurrence of watergpelon mosaic virus on snake gourd.

The plants were ptunted and leaves were affected by promi=-
nent mnodaic mottling with considerable yeduction in leaf
gize, In sdvanced stages the lesves were crovded tagether
to glve a bushy appearance. When young planta vere infected
considerable malformptlons were seen in leaves, The symplons
gppeared Wwithin 7=0 days.

Pillai (1571) was the first to report a mosaic
Gisease of snake gourd in ¥erala. The symptoms consisted



of a distinct wosaic and crinkling and reduction in size

of the leaves. Affected plants were stunted and vroduced
Lewer flowers and fmilts, 7The causal virus wag reported

to be due to a gtrain of cucumber moseic virus. Iubey et al.
{1974) 1dontified the snake gourd mosaic disease in Delhi,
The chief symtc:ms were mosaic mottling accompanied by
chiorosis, vein banding amd blistering of leaf lamina,
Dipeased plants produced only & few weak runners and planto
affected in an early stage blossom sparingly and sot few
fruits. The causal virus was identified as Cucumds virus 1,
Jogeph and Henon (1978) while studying the mosaic digease

of &nake pourd found thet the synptons were characterised

by mosaic with dark green ralsed blisters on the lgaf lamina,
reduced leaf size, shortened internodes and retarded growth,

Cucumber mosaic virus is wide spread and raported
from many ploces, Pejoinovaki (1978) observed that cucumber
mosaic virus (CMV) caused mosale,dwarfing and wilt symptons
on ocucumber, melon and pumpkin in Macedonla. Maklouk and
Lesemarm (1980) reported a savere mosale of cucunber in
Lebanon with mottling, blistering and malformation caused
by watermelon mosaic virus 1 (WHVe1), Yeber ot gl. (19382)
reported a disease of glass house cucumber (Cucumis sabivys.
L,) characterised by lisht groen yellowish indistinet spots

with brown necrotic centres. The disecase causing agent was



identified as cucumber 1cef mpot virus: Sharma gt al.
(1984) ohserved a mosaic disease of muskmelon in Punjab
and identified the disease causing organism as a distinct
gtrain of cucumber mosaic virus and degignated as cucumber

mosaic viras, muskmelon strain (CHV-nst).

Mosaic discagss were reported on weternmelon plants
from many places. Bakker {1971) while conducting studies
on Bast African plant virus diseages found that a strein
of watermelon mogaic virus (WiVeK) caused dark green blisters
on the leaves of courgette, He also observed that 4t pro-
duced young leaves to 'Shogstrings' and plants stunted amd
produced wneven fruits with yellow spots, Ahmed (1981)
identified watermelom mosalc virus 1 causing mottling, leaf
deformation and interveinal chlorosis in cucurbits. Chen
et 2}, (1982) studied on watermelon moseic digease in China
and obgerved the main symptoms &s mosalc mottling, stunting
and distoriion and believed Lo be cauged by watermelon
mosaic viruss Almedda and Borges (1983) réported that
watermelon mosaic virus produced mosaic and severe distor-

tion of leaves of pumplin,

Hariharasubramanian and Badaml (1964) while investl-
gebing pumpkin mogals virus disease ohserved that the digease
was characterised by severe blistering, distortion and

tunting of leavess Jagenathan and Remekristmen (1971)



found that a virus isolate from pump!ﬂ.ﬁ wroduced mottling
and malformation of leaves. They also reported that plants
infected early in the season remained dwarf and flowered
gparinglys & few leaves exhibited derk green veln banding
along the midrib and lateral veins of affected planta.
Shankar et gl. (1972) observed that the symptons of pumplin
mosalic disease appearcd firat as moseic mottling of the
leaves, f£ollowed by chlorssia »f vein and veinlets leaving
interveinal area green, The 1paf laminag was very much
reduced and distorted, the velns and veinlets often extendsd
bheyond the margin glving the leaves a £iliform shape: end
geverely affected vines wore extramely dwarfed. Ghosh and
Mukhopadhyay (1979) isolated nine diffexent strains of
viruses from pumpkin {Cucurbita moschate) from Vest Bengal
and among them the isolate i-a? produced characteristic
pottling with mild green blisters and gresn vein banding
in the leaves of infected plaonts,

I1, Iransmission of the virus

1. Sap transnisslion

Doolittle (1920) had shown that the tremsmission of
cucumber mogeic virus In the field wag effected by wmecha-
nical meeng during the training and thimning of plants and
plucking of frults. He also demonstrated the sep transe
mission of the virum. Pillai (1971) reported that a strain



of cucupber mogaic virus infecting snake gourd (Irichosapthes
suguing L.) was transmitted mechemically to healthy plants.
Negarajan and Remekrdisbnen {1971a) reported that watermelon
mosalke virus (MIIV) affeqting snake gourd could be transmitted
to healthy plants by sap inoculation. Pubey et al. (1974)
shoved that sngke gourd mosalce caused by Cugumig virus 1
could be transmitted by sap insculatisn. Hechanical inocus
lation of Cucumis virus 1 2ffecting snake gourd was reported
by Joseph and Menon (1978).

Shukla and Singh (1971) reported that cucumber green
mottle mosaic virus could be {ransmitied to Lagenoria sicerapie
gseedlings by pin prick inoculation on roots with infected
sap and by submerging the roots In the sap foxr 24 h. Goel
and Varma {1973) observed that a new strain of cucumber
mosaic virus designated as Luffa strain could be transmitted
by mechanical inoculation., Pejcinsvski (1978) described
that cucumber wossle virus could be transmitited mechanically
$o cucumber, punpkin end melon, Raychsudhuri and Vama
(1978) showed that muskmelon mosalc csused by cucumber green
mottle mosaic virus could be transmitted by sap insoulation.
Yeber gt al, (1982) described that cucumber leaf spot virus
affecting glass house cucumber (Cucumls sativug L.) could be
transmitted mechanically snd by pruning implements,

Basillious gf al. (1969) could successfully get

mechanical transnission of wabermelon mosaic virus 1o



gucumber, pumpiin, waternelon, pea and Lupinus termis.

Guiot gt 2l. (1971) vevorted that watermelon mosaic virus 1
found on cucumber; melon, waterselon and courgehite was
readily trensnissible by mechanical insculastion. Nagarajan
and Ramakwishnon (1975) successfully transmitted 2 strain
of melon mosaic virus on Cucurbits lundoliiana by sap inocu~
lationi. Arteaga gt gl (1976) reported mechanical transe
nission of watermelon mosaic virug 2, and that of watérmelon
mosalc virug 1 wag péported by Makkouk and lesgemann (1980).

Mochanloal transmission of pumphkin mosale virus vas
reported by Hepiharazpubromanian snd Bedapl (1964), A mosato
disease 9f pumpkin commonly ocourring in Delhi wap found
to be sap transmissible (Shanker gt aley 7972)+ Chogh and
Muknopadhyay (1979) isolated nine virus strains from pumpkin
and yeparted that all the isslates were gap transmissible.
Roy and Multhopadhyay (1980) found that the spread of pumpkin
mosaic virus vas possible by mechanical contact botween
above ground portions.

Foater (1972) observed thet buffers added 4o non
purified cucumber mosple virus preparations affected the
rmunbery of local lesions pmciuceﬂ on Chépopodiun amaranticolor
end gréater infectivity was chiained with sodium/fpotessium
phosphate buffer at pH 6 +than at pH 8, and at pH 7 the res-
ponse vas intormediate. Sharma et gl. (1984) described



thet a new gtrain of cucumber nosalc virds causing nosalc
disease of muskmelon was most infechive (853) in 0.07 U,
pH 7 phosphate buffer and least in water (45)3).

24 Seed trensodssion

Hany of the plant viruses were Lound to be transe
mit‘ced'through secads of the diseaped plaonks. Somo of the
viruges infecting cucurbits vere also reported to be trangse
mitted through seeds, Napgarajan and Ramakrighnan (1971a) -
found that a mosale diseage of snoke gourd caused hy watere
melon mosaic virus was transmitted to some extent by seed,
Dubey gt 8l. (1974) studied the seed trensntsslon of snake
gourd mosalc caused by Cucumis virus 1 and found that the
dlseagse could not be transmitied through seede: collected
from diseased snake gourd,

Hani and Pelet (1970) steted that cucumber mosgaic
viraus (CHMV) is transmitted through seéds of chickueed
(Btellarin media) uwpto 308, Transmission of CHV through
chichkveed geed was reported by Tomlinson and Carter {1970).
Kaiser and Daneph (1971) described that cucumber mosalc
virus igdlated Zrom Llcer arietinum could not be transmitted
through seeds, Sharma and Chshan (1973) studied the seed
transeission of Cucumis virus 1 and Cucumis virus 3 through
seeds of eucurbits and they reported that Cucumis virus 1

was seed borne in vegotable nappyow, ash gourd and pumpkin,
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end Cucumis virus 3 was found to be seed borne in bottle gourd,
Goel and Varma (1973) isolated @ new strain of CHV designated
as uifa strain from ridge gourd and found that it :vms not
tronsmitted through seeds Fejeinoveki (1978) described that
cucunber mosalc virus could be transmitted by surface conta=
mination of seed. BSharma gf gl. (1984) found a strain of
cucumber mosale virus causing mosaic discage of mushmelon

in Punjab which was transmitted by seed. |

Nogarajan and Remakrishnen (1975) cervied osut investi-
gationg on the tronsmission of melon mosaic virug and found
thet it was transmitted to some extent through sceds, Hein
{1977) working on watermelon wosaic virus 1 on Zucchini
(Cucurbita perg L. Var. glromontime Alef,) found that it
vwag not géed transmissidble. Similar report was also made
by Vu and Su (1977). Ahmed (1981) described that watermelon
posalc virus 71 infeeting cucurbits could not be transmitied
through ceeds, Alueida and Bopges (1983) investigated om
vaternalon masalc virus infecting pumpkin in Portugal and
reported the seed transmission of the virmus.

Powoll and Bohlegel (1970) while investigabing the
factora influencing secd tranamission of squash mosedc virus
(SMV} in oantaloupe fowmd that out of 50 seed samples from
infected cantaloupe plants 12 per cent contained squash
mogsaic virus. Thomas (1973) studied geed trensmission of
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squagh mosaic virus in Now Zealand in Honey-dew rocimelon
plents and found that out of 287 seedlings growm fron seods,
8 vere infocted with sduash nosaic virus.

.Shmar‘ et a3. (1972) found that the mosale virus of
pumpkin commonly ocourring in Delhi was not transmitted
through seed. Capoor amd Ahmad (1976) cbaerved that a virus
degimated g pumphkin yellow 'véin mosaic virus infecting
£ield pumphin, vegetaﬁle merrsw and squash could unot be
tremsmitted through ceede

S Graft trensmisasion

Bagilllous g% al. (1969) reported that watermelon
mogsale vimig could bs transmitted to obther cucurbiis by
grofting. '

&, Insect transmission

‘ Insoct transmission of gnake gourd mosalc virus ves
roported by many workers. Verma gt al. (1970) studied on a
gevere mosale of snake gourd and found that it was trens<
mitted by {yzus persicae and Aphds gossypli. HNegerajan and
Ramalerishnan (1971a) reported watermelon mdseic virus on
gmake gourd in Madras State and found it to be trencmitted
by Hyzus persicse and Aphis gossynii, out of 8 specica of
aphide tosted including Aphis erscoivora. Pillal (1271)
atteapted £o brensmit the mosado disoase of snake gourd (CHV)



by Aphis cracolvorg snd Myzus persicss bub was not successful.
bubey et als (1974) identified a snake gourd wosalc virus

and designeted as Cucumis virug 1 which was found €0 be
trananitted by Apbhis possypil and Myzug persicae and not

by Aphis oraceivora and 3 other aphid gpecies, Jo¢seph and
venon (1978) investigated on snake gourd mossic virus and
reported that the vivus cpuld be transmitted by Aphis gossynii
and Aphis graceivora.

Goel and Varms (1973) peported that e new strain of
cucumbey mosale virus designated as Inffs strain could be
%:mnsmitt_esl by liyzus persices, A gossypli and Bravicoryne
brassiceg to ridge gourd (luffa acutensula), Pajeinoveki
{1978) obmerved that cucumber mosaic virus on cucumber,

pumpkin and melon was transmitted dy Mygzus persiesg and

Lastra (1968} reported thet watermelon mogalc virug '.’«3,
cucumbey mogale virus and squash mosaic virus were trang-
mitted by the vector Acalymme ihieml thiemi. Greber (1969)
could transmit watermelon wosalc virus 2 (WMVe2) +o pumpkin
and squash by 2 lady bird beetls (Henosepilachna yisintiocs
ﬁomunc-l:gi:a) in a persistent manners YWIV could als§ be
transnitted to cucunber, pumpkin, watérmélon, pea, and
Luplnus fermis by A. gosgypli and A. punica (Basillious gt gl.,
1969) .
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Transmission of WMV wag found to be by Myzus persicas
and Aohls gosgynii (Wagarajon and Remakrisimen, 1975
Bhargava gt pl., 19755 Tewari, 1976; Sako et al., 19763
Arteaga et al., 19763 Heln, 1977; Hakkouk and lLosemann, 19803
Rarl, 1981; Rizk gt al., 1581; Almeida and Borges, 1983),
Lipaphis eryaimi (Sako et al., 1976; Tewari, 1976), Avhis perdi
(Nagarajen end Ramakrisiman, 1975; Apbis oracéivora (Sako
et al., 1976) and o Dipteran Liriomyza gabiva (Zitker and
Tsal, 1977)e Yymen (1979) reported that Acyrthosiphon kondoi
could transmit WilVei end 2 €2 squash, vatermelon, cantaloupe,

and vegetable marrov,

Llnéberg et als (1956) gtudied the transmission of
squash mosaic virug end melon mosalc virus and reported
that they were transmitted by Myzug pergicee and iAphig
gossyndls EBquash modelo virus in Japsn was found o be
transmitied by two specles of aphids,; viz., Sphis gopsypli
and Myzus perslcee (Komuros 1957). Allam (1965) found that .
aquash nosalc virus could not be transmitted by Aphig

craceciyvora,

Hariharasubrananian and Badami (1954) raported that
pumpkin mosalc virus was transmitted by Aphis laburnl and
many other Aphis spp. Forghani gt al. (1968) observed that
viruses infecting Cucurbita nops were transmitted by Lour

insect vectors viz., Aphis fabae, Dyasulnecorthum pseudosoleni,
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Hacropivhon golenifolild (Hacrosiphim cuphorbise) and
Myzus persicae. Nagarajan and Remakrishnen (1974 b) found
that the virus eommonly occurring on pumpkin could be none
persistently transmitted by Myzus persicec, fuhis zossypil
end Apbig peril. Shankar et al. (1972) reported that a

rmosaic virus of pumpkin commonly ocourring in Delhd was
gound to be transmitied by Myzug persicae and Sitoblon
pogpefornis, Roy end Mukhopadhyay (1980) found that punpkin
mosalc virun wes tramsmitted by Aphip gossypi} in 2 non-
persistent manner, Singh (19681a, 1982) reported that
pumpkin mosalc virusg was transmitted by Aphis sosgynil

as well ag Aphis craccivora.

Vorma gt gl. (1970) while studying the physical
properties of Cucumis virus 2B causing moseic discase in
snake gourd and bottle gourd, observed that the viruses
had a theraal inactivation point (TIP) of 97.5°C and dilu-
tion end point (DEP) of 107+ 10°7, Tne longevity in vitre
(11V) et 30°C vas 9«10 days. WNagerajan and Ramckrlsiman
{1971a) isolated waterselon mosaic virus from anaske gourd,
It had a TIP of 52«54°C, DEP of 1:200«1:500 and LIV at
32°C was 4~6 days and at 5°C was 4=8 daya. Pillaed (1971)
found that CMV caousing mosaic diseasesg of snalke gourd had
a TIP of 60°C DEP of 1:10000 and LIV was wupto 72 h at rom
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temperature. Dubey gt al. (1974) isolated Cucumis wirue 1
{cuv) from gaaseiia infected gnoke gourd. Its TIP was bBetween
G5«7D°C, DEP was beotween 1:1000+1:5000 and LIV was 16«18 h
at 54,6%39°C amd 8 days ab 8°Cs Joseph and HMenon (1078)
reported that g:uéﬁm:;;ﬁs' virgs 1 (CHV) infecting snake pourd
had TIP botwean 70=75°C, DEP 1:5000+1:10000 end 1IV 72<36 h
ot room temperature and 144168 h at 10°C,

Chent and Wed (1959) found that cucumber moselc viras
hod a higher rosistance to temperature (80-85°C) with DEP
botween ‘iﬁ*ﬁ -8 x '1.129'“5 angd LIV of 30 days. OGoel and Varna
(1975} isolated & nev strain of cucumber mosalc virus desige-
nated as Luffa strain fronm vidge gourd and veported that
the TIP was betwoen 80-90°C, DEF betwoen 10™ =10 and LIV
between 35«48 h at room temperature and 72-93 h under freez-
ing conditions. Pojcinovski (1978) found thet GV infecte
ingz cucumbey, mupkin and melon hed a TIP between 5% and
65°C -and DEP 1y 500007 70000, LIV G=14 days in sap and
12-25 days in dry leaf tissups ab room tomporature, Showkal
end Pegla (1979) igolated ocucumber mosaic virus from natu-
rally infocted epe plant and vatermelon mosaic vitus 2 from
Cucurbite pepo were found to be insctivated at €5°C. Thelr
DEP vers ‘1{3"& and ‘i’ii}"ﬂ and LIV were 4 and 8 days respecti~
valye .

Yatermelon magalc virus affecting almost all cucurbiis
wag raported by weny workers. Lindberg et al. (1956) studied
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the physical properties of melon and squash mosaie viruses
and reported that thelir actlivily was lost in 10 min at
60°C, during 28 days LIV and at 5 x 10™ dilution, Dut

the later had a dllution of 10™"=10"2: Basillious et ol.
(1969) reported that UMV igsolated from squash had a TIP
hetween 61 and 62°C and I¥P of 1:1500, At room tepmpera=
ture, the LIV was 4 days, Avger gt al. (1974) studied
WMVe2 infecting oquesh (Cucurblia mexima) end zucchint
squash {C. pepa) and reported that the virus had a TIP
between 55«50°C and LEP betveen 10"5-10"'&1. Nagarajen and
Ramakrisinan (1975) studied o strain of gelon wposaic virus
on Cucurbita iundellismg and observed that the virus had

a TIP of 52-54°C, IEP of 1:2500~1:5000 and LIV 4 days at
room temperature and 6 days at 5°C, Bhargava (1976) while
investigating the effect of agelng on the activity of WMV
under varying conditions found that the LIV at room tempe-
yature was 8 days. In dried leaves stored at - 1°C the
virus was infective for at least & months although activilty
began to decrease after 5 months. Almeida and Borges (1983)
ohgerved thet WHV infec¢ting cucupber, watermelon, pumpkin
end squash had a TIP 50°C, DEP 5 x 10~ and LIV 10 days.
Dikova gt pl, (1983) isolated ¥MV from cucumber end reported
that the virus had a TIP between 58+60°C, DEP 10
LIV 6~7 doys.

and



Havriharasubremenion and Badami (1964) observed that
punpkin mosate virug had a TIP of 55°C and DEP 135000, The
IIV at room temperabture was 72 h but the virus could be
naintetned for more than eix months in leaves kept at -~20°C,
Shankar et al. (1972) reported thet pumpkin mosaic virus
was inactivated when subjectad to 56°C for 10 min. The
DEP of the virus was found botween 1:100 ond 11500, At
room ‘temperature (32«35°C) the virus was infective for 8 h
only but the longevity oFf the virus was increased to 26 h
at 8°C, HMarch end Nome {1973) found that the virue infect=
ing Cucurbita mogchata had a TIP between 65°C and 70°C,

DEP & x 1072, 1IV 6 weeks, Chosh and Mukhopadhyay (1979)
atudied the physical properties of nine Asolstesn of pumpkin
nesaic virug wder laboratory ¢ondltions end osbserved that
81, the isolutes had a TIP between 40-55°C; DBP botween
101210722 gng LIV at room temperature {24-32°C) botween
6~168 h,

1V, Vestorwvirus relationshivs

The vectorevirus relationship of a virus oscourring
on snake gourd wag worked out by Nagerajen and Ramakrishnan
(1971a). They observed that the virus was trensmitted by
Myzus persicae and Aphis gosgypii in a non~persistent manmer,
Dubey et al. (1974) obgerved that Cucumis virus 1 causing
mosaic disease in sneke gourd was transmitted by Aphis mossypil



18

and Mygus persicae in a non~peraistent manner, dJoseph and
¥enon (1973) studied the vectorevirus ralationghip of a

virus isolatod from gnake gourd, transmitted by Aghis gosgvnil
and Aphis graccivora: They found that A. cpaccivora acquired
the virus within 5 min acqulsition feeding and transmitied

it within 5 min inoculstion feeding on healthy plats. A
minipua 9€ 'S5 aphids were required for transmission and pre~
acquigition starvation inoreased transmission efficiency,
vhoreag posteacquisition stapvatisn for 30 nin reduced the
same, The vector ocould not retain the virus £or lmg periods,
the relatisnsbip being non-persistent.

Kaiger and Danesh (1971) found that a single aphid
(Aohis cracecivora) was able to transmit cucumber mosalc
virus but greater transmissions werm obtained only by using
larger nugber of nphids. Singh (1972) studied the relatione
ship of watermelon mosalc virus strains with its vector
Myzug persicoge and found that the virus was transmitted in
a typleal non-porsistent nemer. The vector wes mogt effie
cient nfter 4 h pree<scquisition fasting end 2 min acquisie
+ion feeding. Infectivity vas lost afier 2 h posteacqulpl-
tlm fasting. The nymphal forms vere slightly more effl-
cient in transmission than alate and eptersug edulis,
Raychaudhur? .and Varae (1977) showed thet a strain of woberw
melon mogaic virus wag trensmitied by the vector lygzus
pergicee to vegetable marrow in a typlcal stylet-borne
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fnormer,  Peo-acguisition starving of veckors wag not osson-
tisl but increased the transmission rate, Although a singlo
sphid could transmit the virus, wmore than 5 aphids per plant
were required for 100 per cent %ra_nsmisaiam A foeding
periocd of only 30 5 ‘w’as needed for virus acquisition but
when ¢ was extended for one or two min there was maximum
tronsolasions Almeida and Borges {1963) found that waterw
gelm aoselic virus could be traihsmlitted o watermelon,
pumpkin, squash and cucumber by Mysus persicse in a non-
pergistent maymer. They oblained 70 per cent transmission
with one aphid end 100 per cent with seven or more aphids.

Vagarajen and Ramekrishuien (1971b) studled on the
vector-virig ralatimmship of melon moseis virus ocourring
on pumpkin. They observed that the virus was noneperpige
tently transmitted by Hyzus persicas, Aphis gossypii and
Aphis nepld, and Tound that the optlmum number of aphids
required per plant was 20, Virus transmissisn by fasted
vectors wan grester than thet of nonefasted oness The
langth of the pre~nsmuisition fasting period, acquisition
“hreshold and fnoculation threshold was lnversely related
to efficiencys They alao proved that a salivery inacti-
vator was-“%“égpbﬁsi‘bl@ for the reduction in transpission
when vector rurmber inoreased beyond optimum. Jagenathan
and Ramakvigiman (1971) reported vectorswirus relationship
of two virus isolates from naburally infected melon and



pumpkin., They found that maxigum transmission was obtained
when the aphids (Aphis zossypii and Myzug persigac) were
gtarved for 60 min. Starvatiaﬁ of aphids after szcquisition
resulted in reduced transmission of both muskmelon and
pumpkin isolates and the viruliferous nature of the vector
was 155t 60 min after starvation. HMHinimun acquisition
feeding of muskmelon isolate wag 5 8 while that of pumpkin
isslate was 10 s. Hinimum inoculation threshold was 5 s
for hoth the isslates, Relationship of puapkin mosale virus
with its sphid vector Aphis possypil was reported by Singh
{1s1a)., He found that pre-acquisition fasting of minimum
10 min and pn optinmun of 90 min was essentlal for trans-
mission of the virusg to pumpkin, Acquisition and trangw
mission occurred in 20 5 and 10 s, regpectively. Although
a single aphid could transmit the virus, lransmlssion was
maximun with 10 aphids per plant. Pogt-acaulsition fasting
of more than 2 h resulted in loss of infectivity. Singh
{1982) conducted studies on the trensmisgsion of pﬁmpkin
mogale viras by Aphis cracclvora end showed that pre-acqul-
sition fasting of vecotor vas essential for virus {ransmi-
sslon, Aphids'acquired the virus within 20 s and inoculated
4t within 30 s. He found thet 2 single aphid could transmit
the virus, but meximun infection was obtained with 15 aphids.,
Aphids were infective only for 2 h aend the transmission was

therefore in a non<persistent menner.
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V. Host _range and local desion hosts

Snankar gt al. (1969) reported a mosale disease of
snake gourd (CMV) having an extensive host range which

included Nicotisna glutinossa, Chenopodium amavanticolor
and Cucurbita pepa. Verma gt gl. (1970) recorded a severe

mosalce disesase cauged by Cucumls virus 2B on sneke gourd

and the host range vwas restricted £0 members of cucurbitaceas.
But it produced local lesions on Chenopsdium amaranticolor,
Pillal (1971) identified a mogaic discase of snake gourd

in Kerala and out of 31 speclos of plants in 7 fapilles
tested, 15 apecies in 6 families wore f£ound to be hosts of
the viruz., The causal virus was identificd as a gtrain of
cucumber mosalc virus {CMV), Nagarajan and Ramakrishnon
(19712) reported the occurrence of watcrmelon mosailc virus

on sneke gourd, the host range being restricted to
cucurbiteceae, Dubey gt al. (1974) identified e mosalc
disease of snake gourd in Deihi caused by Cucumis virus 1,
The virus was found to have its host ronge in cucurbitacess,
solanaceag, chenopodiacese and compositae and produced
systernic wmosalc sympioma on Cucumis satiwvis L., C. onzuria L,,
Ce melo L, Var, Utilissima, Cucurbita pepo L., Logenaria
sleepavie Stendl, vars. Round and Long, lLuffa gcutensula
Roxbae, Citruliug yvulsaris 3chrad., C. yuleards var, £istulosus
Sksy Micotdana tabacum L. var, Vhite Burley, M. tabacup var,

Aentiv, Ns rustlca L., M. glutinose L., Capsicum annuug L.,
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Solgnun melongena L., Lycopersicon esculontum Mill,,
Dotura gtromoniun L., Petunis hybrida var. violet, Zinnjg
elogang Jacd. end Spinacls sleracese L. Luffa gylindpicg
Roem and N, tabacum L. var. Harrdison Speclal corried the

virus symptoulessly. The virus produced distinet neerotic
iocal lestons on Chenopodiun amaranticolor Coste and Reyn,

Allen and Fernald (1971) observed thot wild cucumber
mogele virus could infect Marsh oreganus, Foster (1572)
reparted that CHV produced local lesions on Chenonodiug
gpavanticolor, Fhara and Misawa (1975) reported that
cuounber mysalc virua produced local lesions on cowpea.
Joshi and Txbey (1976) investigated on weed roservolrs of

cucumber mogaic virus in Coralthpur and reported that

Amgranthus viridis, Nicotiane nlupbeginifolins, Fhysalls
mininn, Salvia nlebeis end Solsqum nigrum wore infected
13ith CHV. Imnasin (1977) reported that cucumber mosalce
virus strain 1 isolated from cucumber end tullp produced
local lesions on Chenopodium guinoa. Reo and Raythaudhurd
(1977) reported that cucumber mosaic virus isolated from
Vinca roseas produced local lesions on Chenopsdiug gurale,

Suteri et al. (1980) studied an the occurrence of CHV in
Kumeon end reported that 1t affects the ornmamental plants

Amparenthus soinosus, Daturs stremoniuvam, Hicotiane sp,
Solanun nisrug end Tometes errecta. Sarjeet Singh (1981)




reported thet a mutant of CV produced severe syste'mic

nosale with puckering and leaf distortiml éymptcms in

Dotura stramohiun: Sharma et al. (1 984) observed that a

new strain of cucumber mosaic virus (CMVemuskmelon strain)
infected tobeces cultivers, white burley, Nicotisma glutinssa,
Hq tica, Cansicur snnuum and varlous cucurblts. |

Toba (1962) found that Mopordies baluaming was the
commonest wild reserwoir of watermelon mosaic virus in
Havaili. Zadle end Ramells (1969) reported that watermelon
mosaic virus infectn Cucurbits sp, Cucumis sp and Chenopodiung
amaranticolor, DBhargova and Tevard {1970) reported thaf
Irichosenthes didica wes the natural host of watermelon
mosaic virus. Auger gt al. (1974) observed that watamlm
mosaic virus 2 vas widely distributed in the cucurbii grod-
ing area in Central Chile infectingz squash, (Cucurbita paxiga)
and Zucchint squash (Cucurbits pepo) and induced logal
lesions on Chonovodium gsmaranticolon and loecnl lesions and
systenlc neorotic flecking on Lavaters trimestris,

Bhargava gt gl. (1975) reported that watermelon mosaic
vivrus could be perpotusted through commonly cultivated
Irichosenthesg dioica and Laceparia vulagaris and the wild
perennicls Homordica _(1_1;22._9_3 and Coccinia grgndlis. Nagarajan
and Nemakrisimen {1975) concluded that WHV could infect
enly the members of cucurbitacere viz., Cucurbita mogchatae,
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C. maxiga, C. pepo, Cucumis pelo, Luffs gcutemmula,
Irichosanthes snguing and laszenaris vulsaris. They could
not £ind any local lesion host for the virus, Tewsyd (1976)
found that Zinnia glesons was a symptomless carrier of
waternelon mosalc virus, Helliwell gk gi. (1979) observed
that the weed Melothria perlduls acted as a host of WifV-1,
Makkouk and legemann (1980) reported that WiVe1l could Ainduce
local lesisns without systemic spread in Chsnopodium
amparanticsior and C. guinoa and systemlec infecklon in

cuacumber, sgquash, pumpkin and vatermelons Chang and lee
{1080) observed that waterpelon mosalc viius could infect
Segamun indicum L, Ahmed (1981) reported thet watermelon
mosale virus had a narrow hogt range conftined to the family

cucurhitaceas,

Lagkra et ads {1975) reported thet sguash mosaic
virus produded local lesions on Cucumis petuliferus.
Lackhart et zl. (1962) reported that gquash mosalc virus
could cause systemic infection in Chonmopodium guinoa.

Shankar gt al. (1972) incculated pumplkin moselc
virugs (RV} on 76 plant specigs of 9 familles., They found
that its host range vas restricted to the fanily cucurbi-
taceae and produced systemic mosalc symptoms on Cucurbite
pepo, Cucumis mels, C. melo var, Utilissimn, Lagenavia

siceravia var, Round and Long, Luffa acutonoula, Citrullus
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yulgaris, Homordica charvantia, Benineasa hliswpida and
Prichoganthes anguine. Cucumia sativug vas .praved to be a
synptoanless carriers. Singh {1981b) mparted that tho host
range of a virus cgusing mosalce disecase of pumpkin was
gmfined o the family cucurbitaceas,

VI. Seralopical pronorties of the virus

1+ Purification of virus

Difforant methods of purification of viruces infecte
ing cucurbits haove been reported, Dubey et al. (1974)
purified sneke gourd mosaic virus by uging butenol centri-
fugatiom method., Infected legves were nomogenised in 0,05 I
phosphate bvuffer (pH 7.6) cmtaining 0.7 per cent thiogly«
golllc aeid and subjected to differentisl centrifugation
after adding 8.5 per cont nebutancl. The final pellet was
suspended in 0,05 M phosphate buffer, Three other methods
of purification viz,, chloroform centrifugation using phoge
phate buffer vith ascorbic acid (Gibbs gf 8l., 1963) chloroe
form butanol centrifugation using phosphate buffer with
ascorbi¢ acid and DIECA (Brunt, 1966) and chloraforam butanol
centrifugation (Steere, 1956) vere almo attempted for their
relative efficiency. The c¢hilorofsm Wubanol cemtrifipation
nothod gave the highest virus end point,

Lot gt ala (1972) purified cucusber mosalc virus by
polyethylene glycel (FEG) precipiiation followed by two
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sentrifugation aend resguspension of pellets in' solutions of
1w sodium citrate concentration comtaining two por cent
triton ¥=100, Shohara and Osaki (1974) reported that puri<
fied cucumber mosalc virus vias obtained by rapeated preci-
pitation vwith 8 por cent FEG and 0.2 ¥ sadium chlorlde
{NaC1) followed by density gradiont cenirifugeiion. Omar
g:_ al. {(1980) compared various methods of purification of
Gucumber mosaic virus and found that the best clarification
vas obtained with low speed cenbtrifugation. Precipitation
with ammonium sulphate gave the hizghest virus concentratisn
folloved by adgorpbion on Fﬁ'@»,.-.

Wetter (1960} peported that some of the elongated
plant viruses could be pertially purified by using ether
or carbon tetrachloride for preliminary sep clarificaiion
end they proved $o be serologically active., Hebert (1963)
and Van Kammen (1967) purified cowpea mesalc virus by PEG-
NaCl methods The leaf extrach was clamified by centrifugos
$ion af 1000 g and then PEG 6000 and NeCl were added.
Ven Kampen {1967) reported that PEG-N2(l methed pave high
vield of purifled virus compared to butansl chlaroforn
method of purification. Filigaraova (1982) purified Arabis
mopale virus from infected leaves of Petunde hybrilda, which
vere homogenised with phosphate huffer and the virus was
precipltated with FEG and purified by density gradient
centrifuzation,



2. Serological tests

Dubey et al, (1974) found that the antiserum for
snake gourd mesaic virus reached positively and gave a
precipitate of somatic (granmular) type characteristic of
spherical viruses with the diseaged plant sap and purified
virus preparation but not with healthy plent sap. The virus
in the clarified plant sap gave reaction at a dilution of
1:128 whersas in the cage of purifled preparation it reacted
upto 1:4056 dtlutlon, No reaction wag obtained in the
digeased plant sap or purdfied virus preparation with normal
seruns The titre of the serum was found 5 be 112048 with
the purified virus preperations In agar gel diffusion
slides, the antiserum praduced & single stralght preciple
tation band when tested with diseased plont sap or purdified
virus preparation. Dubey and Narianl (1975) investigated
the serological relations of 10 cucurbit virus igolates
collected from Delhi and found that the viruses of gnake
gourd mosaic, cucumber mdosalic, melon mosaic end bitter gourd
mosaic formed a grouwp of Cucumis virus 1, while bottle gourd
and watermelon mosaic virus formed a group of Cucumis virus 2,
punskin mosaic and vegetable marrov mazalic viruses oomprised
the unstable Cucumig virus 3 while a virus from tori (Luffa
evlindrica) appeared to be distinct from these 3 groups.

Iine and Crogan (1959) while investigeting on the

chapracterisation of watermelon mosalc virus strains by



serology found that VWiVel and UMV=2 wore relaoted and an
isalate of pspaw ring spot virus was alse serologically
related 4o VMV, Cureshi and Mayce (1980} while studying
“he characterisation of a virus inclting mosaic in Larenarig
giceraria in Moharaghtra found that the antiseyum produced
aspecific to the virus had a titre of 1:32 in the tubc pre-=
cipitin tests. It did not react %ith antisera of meclon
mosale or cucumber mosaic virus, Almeida and Borges {(1983)
reported that wvatermelon nmosalce virus cauging severe dige-
torting nosaic on pumpkin, whon serologleally tested found

that the antiserun had a titre of 1:16000,

Shenkar et al. (1972) reported that the entiserun
for pumpkin mosalc virus produced flagellar type of preci-
pltate typical of rod shaped virus in the precipltin tube
tests when tested with disemsed plant sap and purdfied
virus preparations, They could not find any reaction
between the antiserum and the clarified healthy plant sap
or between normal serum and the plant sap or purified virus
preparations, The antiserum had a titre of 1:12048. They
found that antiserum did not react with the other cucurbit
viruses roported., Ghosh and Mukhopedhyay (1979) conductod
agar gel double diffusion method to identlfy the nine virus

isslabes of pumpkin,
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VII, Veristal gereening

Shanmgasundaran e al. (1959) while studying
cucurbit viruses in Hawali found that a cucumber breeding
1line Havall 64-A<15 was resistant to WMV-1, WMVe2, CMV and
a mixture of CHV and ¥MVel, bul 4t was less resistent o
the Kauai, strain of vatermelon mosalc virus, Sowelldl and
Demski (1969) veported that all the 59 watermelon cultivars
tested were proved to be auaceptible to WMV-2, bult they
found that some infected plants recovereds Dlemshl and
Sowell (1970) while investigating the susceptibility of
Cucurbita peno and Citrullus lanatug to WHV-2 showed that
36—100 per cent of ‘the plants of each in'i:raducti.on vere
gusceptible to WiV=2, NMoskovats and Fegla (1972) while
studying the effect of watermelon mosalc virus on the growth
of cweurblis, reported that none of the walermelon and pump=
kin vardeties tested vas imgpune to the virus, Flscher and
Lockhart (1974) also reported that all varieties of water=
melon waere susceptible fo VWiVe2, Provvidenti and Robinson
(1974) could prove that two Cuoumd ‘. 8 metuliferus vaprieties
viz., FI 20268 and PL 202140 were highly resistant to WHVa]

angd stuash mosaic virus.

Provvidentl et gl. (1978) tested 14 wild cucurbita
gpecies against the obmnon, often destructive viruses

affecting squash in lew York, and they found that two speciles
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vere highly reaistent to WMV+1 and 2. They concluded that
Cncurbita ¢cusdorensis and Cucurbite foetidissima appeared
o be the most pronising species resistent to CMV, WiV,
WiV=2 and sther viruses. Greber (1978) veported that waters
melon mosate virua 1 and 2 in Gueensland could infect all
sommercially available watermelon, vegetable marrow and
pumpkin cultivars. Halldwell et al. (1979) vhile investi-
gating vetermelon mogaic virus digease of sguash, wator-
melon and pumpkin reported that WiVe1l was endemic t0 nany
vegetable groving areses in Texas and 1t severely limited
the production of thede crops, Flirat and Dupas de Vaulx
(1979) during their search for sources of resistance to
cucunber msale virus and vatermelon mosaic virus smong
cucurbita species found that Cucurbita lundellisona,

C. pertinesnid, C. okeechobeonsis and C. gguadorensis were
rosigtant to CMV and ViV, Sowell and Damoki (1981) dege

cribed that inoculation of muskmelon with VWiVe2 produced
significently fewer infected seedlings in PI 4039%4k, than
in Hales Bert Jumbo, Sharma and Sharpa {1982) teated 31
genotypes in field against natural infechion of Cucumls
virus 1 (Cucumber mosaic virus) and found that 12 were
moderately resistant but none was fmmune, The lines
1192062, 10=Tw2=l and 17=-1=2+1 which showed a low dizcase
index and mild symp'éoms'wer'e found promisinz. Davis and
Snifriss (1983) reported that under natural conditions
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geveriiy of virus diseases was constontly lower in the summer
squesh silvoped-leaved breeding line NJ 260 than im the
green leaved ocultivar, early prolific straight neck (bﬁPS).
About six weeks after plenting, 99 per ¢ont of EPS and 28
pap cent of NT 260 plants showed sympitoma of cucumber mosalc
virus and clover yellow vein virus; Ey the end of the season
all plants >f both lines developed symptoms although EPS

plants were mach more severely affected.

VIIl, Estimation of loas

PLligt (1971) investigated a mosalc dlgease of sneke
gourd and reporied that the disease affedted plantsg were
stunted and produced fower fliavers and fruits. Dubey et gl.
(1974} studied on snake gourd mosaic virus and observed
that the discased plants sent out omly 2 few weal rumners
and plants affected In en early stage blosscom speringly and

aet fow fruits.

Hills et al, (1961) studied the effect of CMV on
cantaloupe and recorded that inocculation of melon plants
at the Gth leaf stage caused 40 per cent veduction in yleld,
Nelson (1982) while working with canialoupe reported thet
when rumners of 2«4 feet iength were inoculated with CMV
there was 75 per cent reduction in fresh plent welrht and
with WMV there was 50 per cent reduction. When plants were
inoculated near maturity eventhough sympioms developed there



was no significant reduction in plant .size or yleld. Fowell
and Schlegel (1970) reported that cantaloupe plonts infected
with squagh goseic virus (SMV) significently reduced fruit
weight, size, seed number, seed welght zmd percentage ger-
nination, but no correlation was 'f:‘ound between these reduc—
2on and the varisble infectlom percentages. Singh ond
Mendghar (1971) reported that infection of Luffa semyoiica
and Cugurbita moschata by CHV reduced leef productivitys
Thonas (1671) eonducted field trial to :stﬁdy the economic
jmportance of UMVe2 on sucurbits in New Zealand and reported
thet early infection toduced yleld in Bubtercup squnsh (6335),
Golden Hebbard squash (533)) end pumpkin (455} but not in
cucumber, No vield reduction was recorded with late infeg«
tion in eny of the & cucurbits tested. HMoskovets end Fegla
{1972) £ound that- cucurbiis inseculated with WiV in early
gtages of growth had shorter rumers and internddes, fewer
gide runners ard lesser groen veight, Demski and Chalkley
(1974) wnile s-tudﬁng the effect of watormelon mosaic virus
on waternelon observed that infected plants of 3 watermelon
varicties had shorter rumers and smaller leaves vhich
reduced the fresh welght by over 55 per cont. It was also
found that the frult number and size were. reduced due to
infection, Alverez ond Campbell (1976) malysed the yleld
factors of cantaloupe infeected by squash mosalic virus and
regorded significent reduction in the number of frults per
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plant but had no influonce on size, welght or edible quality
of the fmuits, Howsver, reterdation in frudt maturdiy was

ohserved.,

Singh and Dey (1976) assessed the loss due 4o bottle
gourd mosalo virus in the yleld of Laronapina siceraris and
found 64 per cent yield -reduction. \Bhargava (1977) reported
that in f£ield experiments early infection of vegetable.
marrow (Cucurbita pepo) plents with WMV caused greater
loss in yield than late infeection. It was also found that
different straine of WXV varied in the extent of yield
raduction caused by theme Karchl et al. (1978) found that
infection of CMV in an early stage reduced the yield of
susceptiﬁle cantaloupe (Cucumis mpela) ova. Noy yizreel by
73 per cent and resisbant X«140 by 31 per cent: Yield
reduction in Noy Yizreel was due to fewer fruits =md lower
fruit weight whereas in X140 fruit weight was not affected
althouzh the number of fruits per plant was reduced.
Jayasree (1984) found that yellow veiln mosaic disease of
putpkin produced significant reduction in number of leaves,
size of the leaves, internode length, number of branches,
total length of vines and number of flawers.
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HMATERIALS ANID MITHODS

Te sxgntamntalogz

Seeds of snake gourd (Irichosanthes ansuina L.)
cbtained £rom the Instructional Fam, Vellsyani and

Dopartment of Olexicultuwre, College of Hortiouliure,
Vellaniklara, were used for the study. They were sown In
pots containing potting mixture of sand, red soil angd
covdung in the ratio of 1:31:2, The culture of the virus
sousing snake pourd mosalc wag collected frsm the £ield
and the seme vas maintained by repcated transfers on young
snake gourd plents in imsect proof glass hiouse by sap
inoculation. The plants vere inaculated in all casss,
oxcept otherwise stated, at 3«4 leaf ghage, Symptomatélogy
was gtudled by observing the developmernt of symptons in
naturally infected ag well as artificially inoculated
snake gaurd'plants-

II. Transmission of the virus

1. Sap transmission

Sap transmission studles vere conducted using
standard sap, sap extracted in phosphate buffer and tris
bhuffer, In all sap inoculation studies 600 mesh carbo-
rundun powder was used as abrasive (Costa, 1944).
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' The standard gap was prepared by ¢rushing the infected
leaf of known welght into a fine pulp by adding one ml of
gterile distilled water for every grem of diseased tiagsues
The pulp was filtered through fine muslin cloth and the
£iltrate wag used for inssuletiosn, . Vhen phosphate tuffer
(0.01 ¥, pil 7.0) ond tris buffer (0.01 ¥, pH 7.0) wers used
ag extraction meaia-,- the sap vas extracted after adding
one ml of the bhuffer in each case o every gram of infected
leaf tissue,

The exprecsed sep after indfiel olarification vas
inoculated by gently rubbing on the upper surface of the
fully formed young leaves of ihe test plants with 8 swab
of absorbant cotton molstened with the sap. Carborundum
povder was dusted uniforaly on tle leaves bafore the appli-
cation of inoculum. Care was taken not o injure the leaf
tissue durdng inoculetion, Somm after the inoculstion,
the excess sap on the leaves was washed off using distilied
water, Ton plants each vere inpeulated for every oxporie
ment and an equal number of wninoculated planta vers kept
as control. The expordments were done twice and the plants

were kept under observation in en ingsect proof glasa house.

2. Seed transmisaion

Seeds collected from mechanically inoculated plants
shoving clear symploms of the dizease were stowm in pots and
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%ept in the inscet proof glass house, Ope mmndred and eighty
apeds were sown and the plants were kept under obgervation

for 45 doyaz after germination.
3 G'mf't: transnissiom

Small shoots showing systemlc symptom were selected
for preparing the sclon. The base of the scion was trimmed
to a vedge ond ingerted into the oleft mado on tho sten of
the stock. Twenty Live days old healthy plants were used
ag stock: The cubt on the stock was made {lrough a node,
since the stem was hollow gt the centre. HHost of the leaves
of the scion were removed and the base of the scion was
insevted into the cleft of the giock. The graft was then
tied with a polythene strip and the grafted portion and the
selion were covered with a polythene bag o retain hunddity.
These plants were kept in the insect proof glass house under
observation £or the development of symptoms for 30 days.

4, Ingect transmission

Insect transmission studies were carried out oy

using Aphis craccivora Koch., Aphls mossvpll Glov., Aphis
malvae Koch., Pomtalonis plaroncryosa Cog. and Bendsia
Eebacl Genti. as vectors.

1) Inoculation using Avhis Sppe

Healthy colonies of Aphis craccivops vere maintalnsd
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on cowpea (Viena unmuiculata), Aphis gossypii on brinjal
{&slenun melongena), Aphis malyaae on bhindl (Abelmoachus
emulentus)- end Pentalonia pigronervoss on banana (Musa
paradisiaca) under inscct proof canditions.

~ Healthy insects vere collected and transferred to
petripiates. They were starved for o period of one hour
(Pre-acquisition fasting period) end then allowed to feed
on detached young leaves of infected gnalte gourd plents =9
as to give them an acquisition feeding period of 30 min.
A Pixed number of infective aphids (20 nng-.) vere then trange
ferred to young healthy plants, at the 3-4 leaf stage, for
an inoculation feeding period of 24 h and after that they
were killed by spraying 0,1% Guinalphos, As in the case of
sap transmission an sgual number of control plents were aled
naintained., The uninoculsted controls were kept in separate
cages. Only eptorous fora of veotors were used in the abave
mertioned trimls,y The incoculated plants were Lept £or obser-

vation under insect proof condition for 25 days,

11) Inoculation using Bemigia fabaci

tVhiteflies (B. g&};g_g_,t_i were reared on healthy tobaceo
plants in an insect rearing cage and they were uged for
transmission trials, més‘tm transnlsgion cages degligned
by Nene (1972) vere used for transmission studlese
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The top portion of young plants bearing 3=~& leaves
was introduced into the transmission cage in such & way
that the siem passed through the rectengular slit on the
opening of the cage. Yhiteflies were collected using en
asﬁirator and were then releegsed into the tfansmis_sian
coge, The tronsmission cage was covered by a black cloth
pxcept at i:lie region of the wire netting which was kept
facing light source vwhile releasing the whiteflies, The
cap of the- transmission cage was immediately screved on.
The remaining portion of the rectangular s1it of the cage
was closed with modellling clay. The cage vwas kept in posi-
tion by using two bamboo slivers and o ribber band, After
the desired feeding perlod, the modelling clay vwas removed
and the plant was disturbed by gently tepping it with o
needle to disturb the vhiteflies. This csuld induce tho |
Whiteﬂieé to nove "‘ca_tha side of the cage facing the light
pource. Pre-acquisition fasting and acqulsition and inocu=
lation feeding perdods were glven as zentisned under transe
mission with ephids,

Ten seedlings vere used as test piants in sach
transmigsion experinent. A Zixed number of whiteflies were
released (éﬁ nos) on each tegt plent for inoeulation feede
ing, Affer inoculation feeding the insects were killed by
spraying the plents with 0.1% Quinalphog. The inocculated
plants were lgbelled and maintained in an insect proof
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glage houses The experipenis wém dons twice aud obsorvea=
tions vere taken deily on the sppeerance of aympioms.

TIL, t"hg BLE! ‘a,:u m___mw Lo
. 4 DE¥lution end point (DEP)

Infécted snoke gourd leaves of known welght were
grushed into fine pulp by means of clean and sterile pestle
and moriar, adding one ml of distllled water por gram of
leaf materials The rvesulbing pulp was gireined through
sterile cobtbton wool. The standard extract thus obtained
wags centrifuged at 3000 g for 50 pin to remove the host
materdal. The sap was diluted m’bh gsteriileed distilled
water in the ratio of 1:100, %:500, 1:1000, 1:5000, 1:10000,
1250000, 13100000, 11500000, 7121000000, The ditfarent
didutions were used for inoculation on separate test plants
starting from the hipghest dilution. Ten plants wera 1nm‘:suu
dated with cach of the dilubiong and the ¢xporiment was .
rapaated o confirn the resulis, The standerd sap without
dillution was used ag comtrolsy The inoculsted plamts were
lebelled and kept under ingeck proof conditions and obeerved
for the dovelopment of symptons.

2. Thermal inactivation point (TIP)

The sep from the infected snake gourd plants was
obtained as in the sbhove experiment. Five wl each, of the
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sap vas pipetted into thin walled glass test tubes, Care
wos teken not to pour the sap on the sides of the tubes.

The tube wag then kept in thermostetically controlled water
bath for 10 min at the required temperature in such a vay
that the level of the wator in the water bath was 2 cm above
the level of sap in the tube, The cantrol was kept at room
temperature (28«30°C). The sap was treated et different
temperature renges of 35, 40, 45, 50, 35, 60, 65, 70, 73,

80, 85 and 90°C and a thermometer was placed close $0 the
tube in the bath to check the tempersture. After 12 min

in each case, the tubs was removed and cooled lmmodiately

in running water, The treated sap wes inoculated on young
vigorsusly growing test plants of 3-4 leaf stapge. The inodcu-
letion of plants was f£irst done wilth gap treated at the
highest temperature and then the other plamts were lnoculated
with sap treated at lov tewmperatures. Ten planis wvere inocu-
lated in each set of trectment. Observation on the number

of planbts infected vere recorded.
3. Longevity in vitro (LIV)

Infected leaves were ground with pestle and mortar
and the sap vas f£iltered through cotton wool. Pive ml of
the sap was pipetted into test fubes and closed with alumi-
nium £052, The tubes were kopt et rooa temperatura {(28-30°C)

and alse in a refrigerator {10°C). One tube each containing
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the sap of each treatment was taken after specific perlods,
ViZes Oy 2h, 48, 72, 66, 120, 144, 168, and 192 h end inocu~-
lated on the test plantss Ten plants were lnoculated in
each set of treatment and the experinent was repeated to
confirm the resulis. The inoculated plants were kepb under
insect proof conditions and observed for the development of

gymptoas «

iV, Yectorevirug relationshins

The experiments ¥0 gtudy the vectore-virus reletion=-
ships were conducted by wsing Aphis gogaypii which was found
to be the most efficient vector. OSnake gourd plants showing
typical sympbtoms of snake gourd mogseic virus were collected
£from the £ield and the culture of the virus was maintained
in insect proof glass house by repeated transfers 4o healthy
plants by mechanical inoculation. Virus Lree aphld coloniesn
vere maintained on brinjal plants in an insect rearing cage.
In all the incculgtion trials only £fully grovn apterous
aphids were used. During feeding of the aphids the test
plants vWere kept in insect proof cages: The ephids were
tilled et the end of the required fecding poriod by Spraye
ing the nlents with 0,15 Quinalphos. In the case of short
feeding periods of less than 5 min the individuel aphlds
were watched through 2 negnifying lens and the time of
feeding wag deteralned with the halp of a stop watch after
aphids had zettled damw to feed,



1+« Acquisition threshold

A larze mumber of non vwiruliferous A. @m were
¢ollected and vwere glven a pres=acquisition starvation of
me hour, Groups of 10 aphids each wers given acqulsition
feedlng of 20 and 30 8, 1, 2, 55 10, 15, 20, 30 end 45 nin
ard 1 and 2 h m diseased snake gourd leeves before trans-
ferring them to healthy snake gourd plamis. The aphido
were then alloved to remein for 24 h on the test plants
and were killed thereafter by spraving 0.1% Quinalphos.

2, Incculation threshold

Nen viruliferous aphids were given one hour prew=
acquisition fasting and an acquisition Leeding a'f. 30 min,
Then the virulifemu:a: aphids in groups of 10 were transe
ferred to inﬁividﬁal healthy teat plentss Iach batch vwas
plven separate inoculetion feeding periods, viz., 30 5,
1¢ 2, 5, 10, 15, 20, 30 and 45 gin,; 14 2, 4, 8 and 24 h,
The aphids were killed after the specific inoculetion feed-
é,ng period by spraving 0,71% Quinalphoge

T Bffeot of pro-acquisition festing of the vector on the
transpission

In oxder to catinste the effect of prea-acidsition
stapvation on the efficiency of the vector to acquire the
virms, the insecty were starved for different perioda,
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Viz., 30 min, 1, 2, 3; 44 5, 6 and 12 h., Batches o€ 10 ephids
from each of these categories were given an acquisition feed-
ing poariod of 30 min and released on test plants $o feod

for 24 h., After the inoculation feeding period, the insects
were killed by spraying 0,18 .Quinalph::s. The conmtrole with
equal nunber of aphids were naintained without pre-scquisi-
'L*’icb. starvation, The plants wers kept under obserwation in

ingect proof glass house.

4. Effect of post-acuuisition festing of the vector on the
transmisaion :

& large nupbey of aphids vere staprved for one hour
and aliowed an acquisition feeding periosd of 30 min, After
that batches of 10 aphids were starved for different periods
of 30 min, 1, 2, 3, 4; %, 6 and 12 h. They were aftervarde
transferrad to healthy test plants and glloved to feed for
24 he After the inoculation f’eéding porlod, t'ha insects
vere killed by spraying 0,155 Guinalphds, and the plents
vere kept under obseﬁation-. The cawirol was maintalined
with equal numbér of apbids without post=agcquisition faglw
ing. '

5. Retention of infectivity by the vector

The experiments were conducted with viruliferous

insects, which were transferrad in succession to a series

of healthy sneke pourd plants after glving s definite inocu=
Jation feeding period on each plant. Groups of ephlds were
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starved for one hour and allowed an acguisition fecding
péfiod of 30 min to moke thom viruliferous. Groups of 10
éphids, weye then transforred in succession ©o a saries gof
five healthy plants transferring the insects aftor a deofi-
nite interval, The different feeding intervels allwoved in
different sexries vore 30'min, 1, 1%, 2, 2% and 3 h. The
aphids were killed from the £1fth plant of the different
serles using O.ﬁ% Quinalphos. The experipent was done

twice,
6. Minimum nunber of aphids required for transnission

Single aphids as well as groups of 2, 3, 5, 10, 15,
20, 2% and 30 were releoesed on each tegt plant, allowing
a pre-pcquisition starvation perdiosd of one hour, an acgul-
sitiocn feeding poriod of 30 min and an incculation feeding
period of 24 h to determine the minimum number of aphids
required for transmission of the virus. After the inocula-
tion feeding, the insects were killed by spraying 0,10
Guinalphon and the plants were kept under observation for

the developrment of symptoms.

Ve Hogst=roance snd local Jlesion hosks

To determine the host-ranme and local lesion hosis
of snake gourd mosalc virus, healithy plants belonging o

70 species of 18 Pamilies vere inoculated by sap inoculation.
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Five plents vers inoculated in each c.ﬁse._. The plents which
41d not shov symptoms after & weeks were indexed by back
inoculatirm to Trichosanthes anmuina L, to find vhether
they were syoptomless carriers of the virus, Following

wlants were used for hogt-range and local lesion host atudics,

1« Acanthaceaes

a) Andrographis echiojdes (L.) Ness.
b) Jugticia prostrata Gramble.

2. Amorsmthaceaes
a) Amarsnthug goudatug L.
b) Amaranthus virtdig L.
c) Celogia sps
d) Gomphrena globasa L,
e) Spinacis oleryacese L.
3. Apocynaceae:

a) Cothrenthus roseus G. Don.

b) Vinca roses L.,

4, Aroceaes

a) Caladiun ap.
b) Colocasia egculentn L,

9. Asclepiodacese:

a) Calotrovis gisentin R,Br,
b) Hemidesmys indicus R.Br.



46

63 Balsaminaceoas:

) Impatiens balgamina Ls
7+ Capparddaceaes

a) Cloome yisgosa L.
8¢ Chenmopodiaceaet

a) Chenspodium smaranticolop Coste & Heyn.
b) GChenopsdiug murale L,
¢) Chenopsdium guinoa V41ld.,:

3s Compositae:

a) Aganthoonermm hispidum DC.
b) Ageratun gonisoides L.

c) Emilla sopohdfolia DC.

q) Eupatortus odgratun L.

e) Synedrelis podiflora Gaertin,
£) Ixidax procumbens L,

g) Yernonig ginoria L,

h) Zinnia glorans Jact.

10+ Cucurbitaceaes

a) Denincaga hisoida Cogn,.

b) Citrullus vulnarig Schred, ex Eckl, & Zegh,
¢) Cugurblia moschata Duch,

d) Queurbits peps L,



0) Cugumis sativus L,
f) Logenarig giceravia (Mol) Standl.

g) Luffa acutapesuls Roxb.
h) Iuffa cylindpica (L.} Roems

1) Helothria perpusilia L,
3) Momordica chapantia L.

11« Fuphorbiaceas:
a) Agalyphs indica Ls
b) Croton spavedflorus NMorong.
c)} Eupborbis genieculaks Orteg.
d) Euphorbia pirta &L,
e) Monihot esculenta Crontz,
£) Fhyllopbbus plrurt Le

12, Malvacecae:

a) Abelmoschus psculentus {(Le) Moench.
b) Abutilon indigug (L.) Sweet.
c) Bida pcute Burm F.

13. Labiataes
a) Isuces agpera (W41id) Spreng.

1, legumnincsas:

i. Miposaceges

a) Mimosa pudica L.
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1i. Papilionacese:

a) Arachig hvpozaca Ls

b) Cajonus gajan (L,) Millep.

¢) Galaparoniun mucunoides Degve
d) Cangvalla ensiformlis (L.) DC,
@) Clitoria ternates L, .

£) Crotnlorla juncea L,

g) Dolichas biflorus Auck.

k) Viena mmao (L.) Hepper.

1) Vigoe podiska (L.) Vilczek.

J) ¥igna pnmuioniatn (Le) Velb.
15. Pedaliacese? |

a) Semamun indicum L,
16, Solenacane:

a) Gepsicun ampuun Le

b) Datupe styanoniug L.

o) Daturs metel L.

d) lycoparaicon egenlontum Mill,
e) Micotiann glutinosa L.

£) Nicotienn tabacuy L.

g) Petonia hybrida Vilm;

h} Splanun pelonsena L.
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17« Verbenaceae:
a) Clerodendrzn intortunatum L,

b) Lantena cansra L, . _
¢) Stochykaroheta indica L.

18, Zingiberaceae:
a) Zinciber gfﬁ;cgam_.ﬁaae.

Vi, Sergiopical propertics of the virus
1+ Purification of virus

The virus was purified £ollowing the mothod of Hebert
(1963) and Van Fommen {(1967): The inceulum was propared by
mincing the systemically infecked, frozen leaves at the rate
of 1 g/al of 0.071 ¥ phosphate buffer pH 7.0 in a clean
sterile pestle and mortar, The homogemate was £11terad
through double layer muslin cloth and centrifuged at 10000 g
£or 15 min at 4°C using HIMAG yefrigerated contrifuge model
HCR20BA, €0 remove the host material., The e¢lear supernatent
vas decanted and added polyethyleneglyeol (FEG) to a final
eoncentration of & per cent (w/v) and sodium chloride (NaCl)
to give a concentration of 0.2 M. The mixture was stirred
at room tomperature €9 dissdlve the PEC and NeCl and after
one hour centrifuged et 10000 g for 15 nin at 4°C, Both
the fractions (supernotent end residue) were tested for
infectivity separafely and the yesidue was found to be highly
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infective while the supernatant was not {residue ¥as Yosnss
pended in phosphate buffer before test inoculation). The
£inal virus preparation (residue obtained after the final
cehtrifugation) was diassolved in 0,85 per cent saline and
it was used as viral entigen £or injecting rabbliss

;2'..* Preparatim of antiserun

Two healthy New Zealand Whiﬁe female rabbhits weighing
ghout 2 &z with conspicious marginal ear vein vere gelected
for immunization., The schedule of fwrmndzation consisted
of five intramsculer injections at veekly intervals followed
by one intravenous injection one week affer the last intra-
mscular injection. In the ease of intramuscular injection,
the purified virus preparation suspended in 0.85 per cent
saline vwas mixed with Fround's incomplete adjuvant (Difeo),
4n the ratio 131 (V/V) ond & ml of this emulsion was injecw
+ad indo the thigh muscle at a times The final injoction
was glven Antreavensusly with 2 nl of antigen alone into
the merginal left ear vein of vach rabbit one week after
the last intramuscular injection,

Fiftoen days after the last inmtravencus injoction
the rabblis vere bled. They ware fasted for 12 h prior to
bleeding. The lateral vein of the right ear was incised
with a ragor blade and it was widened iemporarlly by rubbing
the ear with xylol. The blood saoples were aseptleslly
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7ed to clot by keep-
Ing the tubes at room temperature for 2 h snd aifter that
the blood clot was Iloosened with the he:sip of g sterilized
glass »od end the samples were kept over night at 4°C. The
clear sayum was deéanted'aad centrifuged at 5000 e;'for 30
nin at l+°ic £o remove the remaining bloosd cells. The super-
natant antizerus Was stored in small vials efier adding a
pinch of sodivm azide and kept in freezer and used for
other tests. |

3. Serologlcal tests

1) Microprecipitin test on slides

Thirty mierolitres of antiserum and ';he same quantity
of virus suspension were mized on a microscopic slide. The
nixture was incubated at 25°C under high hunldity for 20-45
min end examined under microscope (Bercks et al., 1972).
Isolates of snake gourd mosalce virus iso'latg I {isolated
from diseased plants in the glass housge) and isolate IZ
(isolated from diseased plents in the f£ileld), cucumber
mosalc virus, pumpkin mosalic virus, bitier gourd mosalc
virus, cowpea modalc virus and sword bean mosaic virus
wera teated ageinst the antiserum of snake gourd mosaic
virus. The above mentioned virus isolates were also tested

with normal serum taken from healthy rabbits,
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The virus suspension (snake gourd mosalc virus) was .
tested against three other antisera also viz,, cucumber
nogalc virmig Arkengas isolate, cucumber mosaic virus-cowpea
inolate (Arkansas) ond cucumbor mosaic virus ICRTSAT isolate,

11) Microprecipltin test in peiridishes

This test was mainly used to diagnose virus diseases,
to determine the titre of the antiserum with the virus, to
measure the end polnt of the virus, the titre of antisorun
with healthy sap and the end point of the heaslthy sap with
antigserums The test was conducbed as par the procedurc
described by Noordam (1973).

Leaves shoving typlcal symptoms were ground using a
¢lean gterile pestle and mortar and the aap was stralned
using cotfan wodl and centrifuged at 5000 g for 15 min to
get cleer supernatant, It waos transferred into a geries of
numbered corning glass test tubes with & capacity of 1 to
1.5 nl uging o pasteur pipette, The second tubo was half
filled with the sap and an equal amount ¢f saline buffer
(0,853 NeCl in 0,07 1 Tris ozymethyl aminomethame buffer of
pH 7.0) was added. The liquids vere mixed by inverting the
tube several times. This tube contained the sap diluted
to 4. Half of this ddlution was transferred to next tube
and an equal volume of galine buffer was added s» ant2 make
a dilution of 4, This method was contimied to make dilutions
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of the sertes 1M1, 1/2, 1/4, 1/8, 116, 1732, 1/64, 1/128,
17256, 1/912, /1024, 1/2043 end 1/4096,

In the soma way as with the sap from virus infected
leaves, sorlal dilutions were nade for the antiserum and
healthy sap also. Healthy sap was used in the test as cone-
£rol, '

A scheme vas dyavn ¢n o peper with 10 mm squares and
the éap and antiserum dilutlons were marked as ghown in the
figure 1. A petridish of 19 cn diameter was kept on the top
of the schome; keepiug the dish st 8°C'. Using a pasteur
pipetto drops of saline buffer were placed in the pe;bridiah
ab the point where the line lahelied HaCl-buffer peet with
the other lines. Using another pipette one drop eacﬁ of the
leagt concentrated sap (1/4096) was gpobted at the inters
s.ecti(-ms glong the vertical line labelled 1/4096, The next
dilution of esap was spotted with another pipotte along that
particlar line which indicated that dilution. This wes
eomtinued until the scheme for sap was cemploted, The
least concentration of the antiserum (1/4096) vias teken in
a fresh pipette end one drop vwas gpotied to a egaline drop
end to the 13 different dilutiong of the map at the polnt
of intermection of two lines. This procegs was continued
until the scheme for the antisoyum was completed. The above

mentioned acheme was followed for healthy sap alse, The
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drops were oovered with liguid paraffin 4o provent evaporaw
tions Idiouid paraffin was edded slowly through the sides
of the petridish, 95 that the drops will not merge btogether,
The petridishes were kept for 2 h at 28«30°C and exanined
after 2 h vith o storcomicrogscope with top Lisht And bladk
backegrownds The intonsity of the precipliate wes ¢valuated
vased on o goale glvem belov. |

<« = No poagtion
1 o Barely vigible xeaction
+ @ Slight yeaction
++ = Moderate reaction
v+ s Hoavy veaction
++4+ = Vory heavy reaction

The dishes veore kept over alzht in & refrigerator
and cvaluated for the second time. From the above test the
titre of the antiserum with discosed sap, virug end point,
the titre of antiserum with healthy sap and end point of
healthy sap with antiserum, vere determined,

i41) Ouchterlony's sgar double diffusion '-kas?:

This teat wag done in ssyologleal petridishen. Anti-
gerun and virus puspenslons (0.4 ml) were added o wells
punched in agars
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Steptlized potridishes were opated with a thin layer .
of 2 per cent agarose (prepeved in 0.0% M Tris buffer con-
tatning 0:85 per cent NaCl and sodivm aﬁaa,ts get a final
concertration of 0,02 per cent) to a thickness of 1 mm and
allowed to dry. Absve this layer 2 per ¢ent melted agarose
was again added to a thiclmess of 3 mme Thirty minutes
after pouring of agsryso, with the help of e sterilized pel
cutter six vells (ons well in the centre end the other five
wells around it) were made in each plate., Each well was
3 mo deep and 5 um in diemeter end the distance boiween
adjacent wells vas 10 mm. In the central well (well No, 1)
of each plate 0.4 ul of entiserum vwas dispensed with a pas-
teour pipette and the antigens prepared £rom infected plants
vere dispensed in the surrounding wells as described below

in five geparate platess

In plate 1, well 2 contained the clarified healithy
plent sap and well J and 5 received distilled water and &4
and 6 contained buffer.

In the second plate,woll 2 contained sap from infected
snake gourd plants and the vell 4 vas £illed with sap from
healthy snake gourd plants, 3 with sword bsan wosaic virus,

5 with cucunber mosale virus m§ 6 with cowpea mnsaic‘ viruge

The wells 3 and 5 of the third plate contained healthy
plant sep from snake gourd plants. Well 4 recelved sap £rom
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bitter gourd mosalc affected plants, & received snake gowd
mosale virug obtained from vlants grown in glass house and
2 roceived snake gourd moseic wirus obtained from plents

grovn in the fleld,

In the case of plate 4, wells 2 and 5 receilved snake

gourd mosaic virus, 3 contained bitter gourd mosalc virus,

& pumpkin mosaic virus and & healthy sap.

In plate 5, the exporiment wvas done by using puri-
f£ied virus preparation diluted to t concentration. Vells
3 and 5 contained antligen for snake gourd mosnic virus, 4
contained cucumber mosalc virus and 2 pumpkin mosaile vimg.
Well 6 contained smp taken from heolthy snake gourd plants

diluted t» a concenbration of 3.

The petridishes were kept hunid by placing a moistened
£31lter paper on the inner side 52 the lids. The experiments
ware performed twice., The disghes were kept in stacks with
ordinary paper in betueen them to prevent any scratches and
incubated at rooan temperature and examined periodically for
the appearance of characteristice precipitin bonds upto 14
days. After that precipitin bands vere stoined using amido-

black ag explained below.

Before gtaining, the agar vwas seaked in two changes

of 0.9 per cent phosphote buffered saline for 24 h end then
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in distilled water for ansther 24 h., Vater weg drained out
and *L'ha agar vas covered vith a uhatraan Na, 1 £ilter paper
o drigzd at 37°C, VYhen the ggar was completely dry, the
f£ilter paper was stripped offs The dried agar was then
smmersed In amidobloek stain (Appendix-I) for 15 minutes.

After sfaining it was vashed two times each in
decolouriaey solubtions No. 1 and 2 (Appendix~-l). Dach washe
ing wag of 1 h duretions The plates werve then dried for
1 h at 37°C and examined, |

VII. Variebal screanine

Seven varietles of snake gourd plants were tested
for their registance to sneke gourd wmosaic virus, The plants
were grown in pots and kept in insect proof glass house.
Ten plants of each variety were inoculated with the virus
using standard sap as inoculum. The inoculum was prepared
by grinding mosalc affected snake gourd leaves with sterl-
iized pestle and mortar adding equal amount of disilliled
water (w/v). The sap was extracted from crushed pulp by
squeezing through aation wosl wnd irmedigbely inosculated
on the lgaves of teat plents of 3«4 leaf stage. The experie
mont was conducted twice, Following were the varietles used

for screening studlens

e €0=1 5, Pi=1
2o TA=g 6. Extra lonz (Pocha)
3 TA=1Q 7+ Vellayani local

Ly TATQ
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VII1, Estigetion of loss

Experiments vers conductod Lo estinmate the effect of
gnake goui*d mogaic virus infection at different stages of
grouth in comonlylwltivated varieties under f£leld condle
tiome The expér#,ment uag lald out in Nandomised Block Desipgn
in Instructionel Farm attached to the College of Agriculture,
Vellayani during 1%5 {summer season). ’i’hé lay oul plan of
the experinent is given in Fig, 2.

1. Varieties and seed materials

Two commonly cultivated varieties, viz., Vellayanl
local (V) and TA=19 (v2) were used for coducting the
experiments The variety TA=19 was obtained f:;mm £he Depart=-
ment of Olericulture, College of Horticulture, Vellani}dcaré,
Trichur and the verlety Vellayani local was obtained Zrom
+he Instructional Farm,s Vellayani., The following treatments
were £ixed to estimafe the effects of infection at different
growth astages of the plant,

Treatnent«i (v,,g'.,) « Inoculabion of Vellayani local variety
on 15th day after planting.

Treatment-2 (V1T2) »~ Tnoculetisn of Vellayani lscal variety
on 45th day after planting.

Treatment«3 (V,) = Vellayanl local varlety maintained
: without inoculation (ocontrol).
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Treatpents (VaT.,) = Inoculation of TA-13 on 15th day
after plenting. '

Troatment=5 ("Va’l‘z) ~ Inoculation of TA-19 on 45th day
after planting.

Treatnent«t (?2) « TA=19 maintained without inoculation
{cont rol).

2, Fleld culture

The experimental £ield was dug twice, stubbles removed,
clods broken and laid out into four blocks each with 6 plots.
The plot size was Lz 2 me The individual plots were
thorouéhiy dug and levelleds Two pits werse prepared in
each plot at a spacing of itwo metre. &4=5 seeds wers sown
in each pit, bubt only two vigorously groving plante per plt

were rotalined and used for the experiment,

Moruras and fertilizers were applied accosrvding to the
Package of Practice Recommendations of the Herala Agricul-
+ural University (&non, 19833, Scpargte pandals were cone
structed .*.‘-or" each plot for training the plants. The plants
woere irrigated deily. ALl the ;plants were periodically
sprayed with 0,15 Guinalphos to keep the plants free from
insect infestation.. ‘

The orop was sown on 16+3-1985 and obgervations were
recorded on the following aspects at an interval of 15 days
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after virus ingculation, till the plants vere 30 days old
when harvesting comploted, '

a) Number of leaves formed

b) leaf area

¢) Internosdal length

d) Thickmess of vine

e) Total lsngkh of vine

£) Number of branches develape;i .
g) Number of flowers formed (male and female)
h) Number of fruits formed

1) Length of the frujts

3) Girth of the fruits

k) lean wveight of frult

1) Yiold of fruits

3+ Statistical analysis

The data vere analysed statistically by applying
the technigue of analysis of variance for Randomised Block
Design ond the significance wapn tested by F test. Critical

differences vere caloculated for comparing treatment meens.

During the 30%2 and 45" days of observation the
treatments V4T, and VETQ wepre identical with Vy and V,
respectively, Hence the number of distinct treatuonts on

those perisds were only fowr. HNecessary nodifications were
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made in the cnalysis to effect this change. The procedure
adopted for the anslysis is briefly descrdibed bolow,

The total sum of square and replication sum of square
were ¢aloulated as por the pracedure for Randomised Block
Design {RBD), The treatmont sum of sguare was calculated
as in the cese of Comploetely Rendomised Design with unequal
rép?ieatisns. The error sum of squere (F8S) was obtained
ag follovise

E3S = E:1ss + AS3 + PSS whore
ABS = Untreated within block sum of suuare of varisty

v
K]

B33 = Untreated within block sum of square of variety
v
2

121381 = Epror sum of square of RBDR

Coméponding chanzea in the degreas of froedom were
also made in the case of data collected on 30th and 45th
days«

The duobs on the number of leaves, number of Branches,
number of frults and-' number of flovers formeéd vwere analyséd
after applying the sguare root transformation (Snedecor and
Cochran, 1667).
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RBBULTS

Iy Symptomatolozy

The leaves of naturally infected plents showed mogate
pattern of frregular dark green and yellow chlorotic patches
on the lamina (Fige 3), The aympitoms appoared as swall
chlorotic areas which later coalesced bogether to form
larger paiohes, In advanced gbages of infection dark graehn
ralsgd bllsters of varying size and chapse developed on the
lamina, In certaln cagses the leaves showed varylng smount
of dark green vein bonding end interveinal ohlorosis. The
leaves veys very muth reduced in size snd varicusly orinkled
and deformed. Diseased plents vemained gtunted end produced
only a fov flwers amd Lxultae

On zaeahaﬁ'icaﬁt inooulation to anake gourd plants of
3=b leaf stage, the synptoms gppeared within 5+8 days. The
gymptoms irst appeared as emall greeniah yellow areas,
which are very thin compared 4o the healthy aress of the
leaf, Typical mosaie mottling with dark green and light
green patchos was produced in all +he subsequent leaves,

In the older lcaves, chlorotie arces were seen with less
prongunced mottling, In sone ¢ases, the leaves hod promie
nent vein banding and occesionally with darlt green dlicters.
The growth of the infooted plants wap rotarded end internodes
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shovtened {(Figs 4). As in the onge of naturally tntected
plants; the inoculeted plants also prodused only a few
£lovers and fruita.

1, Sap transmission

' ‘The virus vag foimd t2 be trangmitted suscessfully
by sap inmoculation uslng standard sap, sap extracted in
phosphate buffer (0,07 1; pH 7.0) and tris butfer (0.01 H,
pH 7.0). The symptuns appoared 5+8 days after insculatimm,
Upe of phogphate bufier and tris buffer did not show any
significant increase in the infectivity 52 the virug (Table 1).

Table 1, Sap transmission ¢f snake gourd mosaic virus

31. i Rumber of plants Per cent
No, ~rosulum infected — ~  infection
Numbar of plants ino-
culated

Egperi~ Espepls
nt I ment 11

1« Stemdard sap /10 16/10 a5

2, Eﬁsiﬁﬁiiﬁﬁféxﬁ 10/10 9/10 95

5, iigsmmgged m. 9740 16/10 95
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2, Seed transmission

Out of the 180 seeds sown 134 seeds have germinated.
None of the plants showed symptoms of snale gourd movsalc
virug disease during the period of obmervation.

3e Graft transmission

Infected shoots were wedge grafied to 25 day old
healthy plants, which were grovn iu insset proof zlass house,
The symptoms appeared 710 days after grafting vas doﬁe.
From the two trials eomducted an averags 90 per c:axr@: trang-
mission wag obtained from graft inoculation (Table 2),

Table 2. Graft transmission of snake gourd mosaic virus

Trials Number ¢f Kunber of Pexr ¢ent trang-

plants gratied plants jine mission
fected
I 10 B 80

1T 10 10 100

4, Insect transmission

Ingect transmission studies of the virus were carrled
put using 5 vectors, viz., iphig craceivora, Avhis gossypii,
fvhis mailvee, Pentalonda nigronervosa and Bemisia tabacl
and the resulis are presented in Teble 3, Aphis gossypid
wag found £o transmit snake gourd mosaic virus very
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efficiently followed by Aphig palvae, The insects were
glven a prewacquisition fasting of 1 h, aequisition feeding
pericd of 30 win and an inoculation fooding period of 24 h,
The symptoms appesred 7-8 days after inoculation. '

The observations shaved that the highest percentage
of ‘transmission (95%) was obtained with Aphis ponsyoil
followed by A. palvee (85%) and A. ¢rocelvore (455%).
Domigia tabacl and Pentedonia niproneryosa were not able
+2 transalt the virus.,

Table 3, Insect transmiosion of sneke gourd mosaic virus

5L, " vector Number of plants infected Por cent
e ; o L rmmire rans=
Igg%:ggr of plants inocuw pission
Exporie Expord-
ment 1 ment IT
1. Aphis graccivora 4L/0 5710 45
2. Aphis gossynii 3/10 10/10 95
3» Aphis malvae 5/10 8/10 85
he Pomisia tabaci 010 0/10 0
5-. Pentalonig 0/10 0/10 o

IIX. Physical vroperties
1« Dilution end voint (DEP)

Serial dilutiong of the infected sup was made viz.,
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13100, 13500, 1:1000, 115000, 1310000, 1150000, 11100000,
11500000, 131000000, The different dilutions were used
for ingculation on sepurate test plents starting from the
highest dilution, Ten plants were indeulated with each of
the dilutions and the experiment was repeated to confirnm
the result, The data indicated thet the dilution end point
of the virus was between 1310000 and 1150000 (Table &),

Table 4, Diluxtion end point of snake gourd mosale virus

s Experiment T Expaptment 1T Per cent
Dilutions — _ . e — Lrang
. Humber of Number of Sumber of Humber of wmission
plants plants plants plantg
inacula- Anfscted  insculaw infected
ted | ted _

0 10 9 10 10 95
1:100 10 10 10 10 100
13500 10 10 10 10 100
1:1000 10 g 10 8 85
145000 - 10 T 10 6 65
1210000 10 3 10 3 30
1250000 10 0 10 0 0
14100000 10 O 10 0 ¢]
13500000 10 0 10 0 0

0 10 0 0

1$1000000 10




2. Thermel inactivation point (TIP)

The infected sap was treated at different range of
temperature, vizes 35, 40, 45, 50, 55, 60, 65, 70, 75, 80,
83 and 90°C, The treated and untreated {comtrol at room
tenperature at 28e50°C) gamples of the s8ap were insculated
on young vigorously growing test plants of 3-4 leaf stage.
The resultas indicated that the virus wvas inactivated at
temperature between 70 and 75°C (Table 5).

Table 5. Thermal inactivation point 9of sneke gourd mosalc

Tirus
Tenperature Experiment X 7 | Experﬁ.ment_ % E;gn ;Ent'
Numbor of Number of Number of Number of migsion
plants plants plants plants
inocula~ infacted inocula= Anfected
S tad ted X .
toacseecy 10 10 10 10 100
35°C 10 =] 10 10 05
40eC 10 10 10 9 05
430C 10 8 10 9 85
50°C 10 8 10 7 75
55°C 10 6 10 7 65
60°C 10 7 10 5 60
65°G 10 5 10 4 45
70°C 10 2 10 4 15
75°C 10 Q 10 0 ¢
8o°c 10 Q 10 ¢} O
85°¢C 10 0 10 0 0
0 10 0 2]

S0°C 10
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54 Longevity jin vitro (1IV)

In order to find out the longevity ln yityo, an
experiment was conducted as described in materiels and |
methods and the resulis are given in Tables 6 and 7. ¥hen
the inoculum was stored at room temperature (28-30%C) for
a perdod of 120 b, its infectivity was completely lost.,
About 35 per cent of the plants Inoculated with sap kept
for 96 h at room temperature daveloped symptomss So the
longevity in vitro of the virug stored at roon temparature
was between 96 and 120 h«

Yhen the inoculum was shored in a refrigeratsr (10°C)
the infectivity was retained upto 144 h, but the per cent
of infected plants wap considerably decreassd. After 168 h
of sbtorage of the lnoculum the infectivily was completely
lost. 8o the longevity in yitro of the virus was between
144 and 168 h, vhen the sap was stored under refrigerated
conditions,

IV. ¥eéctorwvirus relationshivs
14 Acquigition threshold
This experiment was conducted to find osut the minimum

period required L£or the vector to acguire the virug and o
becope viruliferois, The resulis are presented in Table 8,
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Table 6. Longevity in viitro of snake gourd mosaic virus at room
temperature (28-30°C)

Exper’imenﬁ I Experiment IT Per cent

Ageing in R—— - transmi-
hourg Number of Number of Numbor of Number of ggion
plonts planta plants plants
inoeula~ iInfected noculasw infected
ted ted , -
o 10 10 10 10 100
24 10 g 10 10 30
Lg 10 8 10 6 70
72 10 6 10 4 50
96 10 4 10 3 35
120 10 0 10 0 0
144 10 o 10 0 ¢}
168 10 B 10 0 0
0 10 0 0

i

102 10

Table 7. Longevity in vitrs of shake gourd mosaic virus at 10°C

Experdment I - Expepdiment 11 Per cent

Ageing in _ : . transmd-
hours Humber of Number of Fumber of Humber of asion
plants plante plants plants
inocula- infected inocula«~ infected
ted ted
0 10 9 10 10 95
24 10 10 10 8 90
43 10 7 10 7 70
72 10 5 10 6 55
96 10 b 10 4 40
120 10 3 10 2 25
144 10 2 10 1 15
168 10 0 10 0 o
192 10 0 10 0 0
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The rasulis shoved that a sha%& acyulisition feading
pordod of 30 s only is suffidiont for the aphidg 4o become
viruliferous. The optimunm acquisition feeding perdod which
gave the m;a;ztimuﬁ percontage of infection (90%) vas found
€5 be 20 min.

Table 8. Acquisiflon threshold of Aphis gossypii on the
ﬁransmisaim of snazze gourd maaaic: vimg

!mquisitioa Number' of plan*‘m Humber af Per cent

feeding infected plants trangmi-
perlod Number« of plazrbs :inscu-—» iﬁf‘"’g}’-““g{, Belon
Jated
Bitperde EXporie
| ment I me-n'h '.EI
0 s ©0/10 0/10 0 0
30 s 1710 1710 2 10
. 1 min 3110 4740 7 35
2 min 4740 3710 7 35
5 min 5/10 6/10 i 55
10 min 8/10 7/10 35 75
15 min 7/10 9/40 16 80
50 min of10 5/10 18 90
30 min 8/10 10710 18 90
45 min 7/10 a0 15 75
T1h 5/40 8740 11 55
2 h 330 4/10 7 35

Pre-acquisition fasting « 1h
Inoculation fedding = 2hh
Number of aphids per plént - 10



Table 9, Inoculation throshold of A. gosgypil on the
+ransnission of sneke gourd mosalc virus

Inoculatisn  Number of plants Humber of Pay cent

feeding Iinfected plants in- <{transmi-
period . ' - fectad saion
Number of plants ino= out of 20 '
culated
ol
30 s 0/10 0/10 0 0
1 min 2/10 2/10 4 20
2 win Lf40 z/10 -7 35
5 min 7/10 6/10 1% 65
10 nin 7/10 8/10 15 75
15 min 610 9/10 15 75
20 ‘-min 8/1a 8/10 16 20
30 min 8/10 8f10 16 80
45 min 10/10 8/10 18 90
1 h 10/10 10/10 20 100
2h 10/10 10/10 2 100
b n 5/10 10/10 19 85
8 h 8/10 9/10 17 £3

24 h 8/10 9/10 17 85

Pre-poquiglition fasting = 1h
Acquisition feeding = 350 min
Number of aphids par plant - 10
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2, Inoculation threshsid

| in order to £ind cubt the minimum period required for
the viruliferous aphid A. gossypii to tramsmit the virus
successfully, an experiment was conducted as desgribed in
materials and methods and the results are presented in
Table 3.

The data indicated that the viruliferous aphids
verae capable of transmltting the virus with one mimute
inzculation feeding on tho tast plant, Maximum infection
of 100 pep cent was obtained by feeding the vecetor for 1 h
on test plants.

3. Effect of pre-acquisition fasting of the vector on 4ho
transmission

The data in Table 10 reveal that pre~acquisition
fagting of aphids inereased the effleicency of the vector
to acquire and transmit the virus. Maximum effictency was
noted when ingects were starved for & period of 1 hs Further
increage of fasbing perisd did not appreciably indreage the
per cent of infected plants and so also the efficisncy of
the vectar to tranamit the virus.

&y Effect of post-aciuisition festing of the vector on the
transmisgion

The results are presented in Table 11, It was obgoerved
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Tahle 9, Inoculetion threshold of A. gosgypil on the
+transnission of snake gourd mosalc virus

Ingculatisn  Number of plants Number of Pay c¢ent

feeding infected plants in- transmle
period —— am e Lected ssim
Number of plants ino- out of 20 '
culated
Bxperd~  Experl-
ment I gent IT
30 s 0/10 0/10 Q O
1 min 2/10 2/10 L 20
2 min L /10 210 7 %3
5 min 7/10 6/10 13 65
10 nin 7/10 8/10 15 75
15 min 610 9/10 15 75
20 min 8/10 a8/10 16 a0
30 min 8/10 8/10 16 80
45 min 10/10 8/10 18 o0
1 h 10410 10/10 20 100
2h 10/10 10/10 2 100
b4 9140 10010 19 g5’
8 h 8/10 9/10 47 89
24 h 8/10 9/10 17 85

Pre-acquisition fasting o Th
Acquisition feeding - 30 min
Nupber of aphids per plant - 10
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Table 10, Effect of pre-azcquisition fasting of A, gossypii
on the efficiency of transmisgion of smake gourd
nosalc virus

Pro-acquisi- Nugber of plauts infected Number of Per cent

Slon Lasting  munber of plsnts inocue ]Z}zggtcged gzs‘gggmi“
perdod 1ated out of 20
Ko fasting 5710 6/10 11 25
30 min 7/10. 7/10 14 70
T h 9/10 10/10 .19 05
2h 8/10 af10 17 85
3h 5/10 5/10 10 50
Lh 5/10 &/40 9 U5
5h 3/10 4/10 7 35
é h of10 ofi0 0 0
12 h 0/40 o/10 Q 0
Acquisition fesding “« 30 min
Inosocuiation feeding - 24 h

Numbsey o6f aphids per plant -« 10

that post-acquisition fasting of the vector decraaged the
percentage of infection, Maximum Infection of 30 per cent
vag obtained when the aphids vere immediately transforred
$0 test plents afber acquisltisn f:eeﬁ_ing period end no
infection was obbained when the aphids wers given a poste
acquisition fasting beyond 3 h.
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Table 11, Effect of post-acquinition fasting of A. gosaypil
on the efficiency of transmission of snake gourd

mogale virus
. Numbeyr of plants Humber of Per cent B
ggg;icqui- infoctad lonts Lransni-
Pastin S e e niectad psion
Suing Number of plants ino= ouk of 20
culated
Experis Exparie
ment Ik ment TI
No fasting 9/10 9/10 - 18 20
30 min 7/40 6/40 13 65
1h 4710 L7410 8 450
2h 3/10 5/10 8 40
3 h 2/10 2/10 A 20
4 h /10 o/10 0 0
5h o/10 0/10 0 0
&nh /40 0/10 0 0
12 h 0/10 0/10 0 0
Prowacquisition fasting - T h
Acaaisition feeding - 30 min
Inotulation feciing - 24N

Number of ophids per plant « 10
5. Retension of infectivity by the vectdr

The resulbs indiecmtad that succegaful infection
oould be obtained uphs the third plant of the £irst series
in which aphids were transferred st intervals of 32 min and
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upto 2nd plant when the interval was inoreased to 1 he In
all the other cases anly the first plant of thé geries got
infection, indicaking that in most cages the virudiferous
nature of the veckor vas logt after 1% h (Table 12).

Table 12, Retension of infectivity by A. gosaypil

T g A A o ‘ Infection produced in succegsive
Feeding perisd on iy ol -
each test plent vk T
| Serial numbar of plents tested
i 2 3 & 5

30 min

a + -+ L -y -
b + + 4 - -
1h a * * - -. -
b % & - - -
1 h 30 min a - ) -
& h a g L - - -»
2 h 30 nin & - F - - -
b * - - - -
3h a + - - - -

+ Symphow praduted
« NO dyopton produced
8, Minimum nuanber of ephids yegquired for transaission

A gingle aphid was found 0 be capable of traomse
witiing the virus to healthy tast plants, The ophimun
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number of aphida required 5 produce meximum infection of
35 per cent vas found to be 10 (Table 135).
Table 13, Minimin nusher of aphida (A, zogsvpii) required

for the transcission 42 snake gourd mogalc virus

Py

| Number of plomts infected Number  Fer cent
NUTBED Of  meeesmeeemimcsronem wmeer 0f plents  transmis
aghida pex gggber of plents inoculas infected  gsion

D _ out of 20
Experds Biperd-

mentb L wemg il |
2/10 1710 B 15
2/10 2/10 4 20
4710 5/10 4] 45
__ 8110 8f10 1 70
10 a/10 10/10 19 95
5 9/10 9/10 18 90
20 /10 8/10 17 85
25 oftc 8fi0 17 85
50 sfta 8/10 16 80

L° IV B Y S

. Proegequisition - 1 b
| Acuuisttion fecding - 30 min
Inoculation foeding « 24 h

Cut of 70 plent species belonging to 18 fapilies
tegbed, 11 species of plants balonging to I3 families viz.,
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compositae, cuéurbitaceae and solaneceas produced systemic
symptoms and 2 species of plents belonging to the family
Chenopodiaceas produced local lesions.

1+ Chenopodlaceas:
a) Chenopodium amaranticslon Coste & Reyn.

The insculated plants produced local losiong within
2«3 days. The lesions mppeared as chlorotic in the begi~
nning, twrned to necrotic with dark brown centre. wﬁe
lesions were circular in shape and 1=2 mn in diamter (Fig. 5).

The inoculated planis produced local lesions within
2«4 days, Théy appeared as cireular chlorotic spots in the
initial stage and soon enlarged end developed into necrotic
with brown centre. The leaiong vere 2«3 mm in diameter
(Fig. 6).

2. Compositae:

a) Ageratun conizoides L,

The inoculated plants produced gystenmic symptonms
within 8«10 days after incculation. Young leaves showed
pale green areas and later developed dark green ralasad
blisters. The size of leaves were reducsd and plants were
stunted (Flg. 7)._
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Z+ Cucurbitaceze
a) Lueurbita mogchata Duch,

ihe inoculeted wvlants prodicea syartoas within =7
days. Yellowish green crlorotic spots were developed on
the lamina with 1033 pronounced nottlin « ne chlorotie
spots coalesced together to fora lorger patches. he size
2f leaves «as redaced considerabl;, internodes were shortened

anc plants were stunted i_. 3).

b) Lucurbita peps L.

The inoculated planis produced symntoas within 5«7
days, he leaves exhibited jule green s.dots whic erlar-~ed
in size and develosved into yellowish reen patches. educ~
tion in the size of leaves, crinkling and distortion of
lamina were also observed. The infeeted »lants were stunted

( 1ne )

¢) Cuoupis metivus L.

The symptons were f£i~st noticed on the developin
youn; leaves as small rreenish yellow areas. Later charao-
teristic yellow mottles appeared. he leaves were red ced
in size, Aistorted, erinl led and in advanced stz ¢s there
was dawnward carline of the edges of the lamina, he plants

ere stunted aid intermides were snortened,



Fig. 7. Ageratum gconizoides infected with snake
gourd mosaic virus i

moschata infected with snake
gourd mosaic virus
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d) Lagenaria sicereris (Mol) & Standl.

The symptoms first apprared on the youn:s developins
leaves within 7«3 days after inosculation, Yellowish reen
chlorotic patches were formed on the lamina which later
enlarged in size, Raised blisters were formed on the
“reenish darker portions. Heductim in size of leaves,
erinkling and distortion of lamina were alsd observed
(Fig. 10).

e) Luffa geutapmula Roxb.

The inoculated plants produced symptoms within 33
days and was characterised by the development 5f sliahtly
irregular and small yellow apots in the dark ~reen back-
ground of the leaf, The chlorotic patches coalesced toge-
ther to form larger patches, ileduction in the size of
leaves and stunted grawth of the plants were noticed (Fig, 11).

) Melothria perpusidla L.

The symptoms developed within 7«3 days on younr
developins leaves after inoculation, The leaves produced
wale green spsts which enlarged in size and developed into
yellowish creen patches, The leaves vere reduced in sigze,
digtorted and in advanced stages there was uoward curlin-
of the edrmes 9f the lamina. The nlants were s*unted and

internodes were shortened I'i~, 17°),



Fig, 10, Lageparisg siceraria infected with
snake gZou mosaic virus
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¢) ¥omordiga charagtia L.

The symptoms appeared within 5«7 days as yellowish
green chlorotic patches which later coalesced to ether to
form larger patches of infected tissue., ™he yellowin,
gradually spread wver the entire leaf in the interveinal
area and produced vein banding. deduction in size of leaves,
erinkling and distortion of lamina were also> obaerve!. The
infected plants were stunted TI'ie, 13),

4, olanaceane:
a) vatura straponiup L.

The symptoms appeared 7-3 days after inoculation as
irregular yellow ovatches on the leaf lamina which later an
enlarged in size. The newly emerred leaves were 1irhly
reduced in size and were curled., The plants shoved severe
stunting and the internodes were shortened (Fig. 14),

b) Nicotiepa glutinosa L.

The inoculated plants showed mottlin: within Heb
days, A large number 3f dark green raised blisters were
produced on the lamina. Ihe newly emerged leaves were
reduced in size and plants showed severe stuntinz, The
internodes were shortened (Fi-, 15),



Momordica cherantia infected
snake gourd mosalc virus

Datura gstramoniug infected
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) Hicotiana babacum L

f.!:héfinaéuﬂaﬁad plants shovwed veln clearing synptoms
mingled with large number of dark green vaised blisters on
the lamina,. In edvanced stages the yeliowing spread to
other parts of the Zeaves (Fige 16},

1+ Mloroprecipitin test on glides

Thirty wierslitres of entlserunm prepared ag described

wunder materdials and mothods wao misxed with equal volume of

gatigen Lrom different virus infected orup plants, The
antigens of smake gourd mozale virug Isdlate I, isslate II,
suounber mosaic virus ond pusphin mosdic virus praduced
dense precipitote with the entinetum spesific to snalke gourd
mosaic virus, Antigens of bitter gourd mosaic VATUB, COWe
pea mosaic virus and &vord bean mosaic virus did not produce
any precipitate (Table 14). -

Whoen the snale éaura- mogatce virus sntigen was tested
against the antisera of cucumber mostie virus Avkensan
1solnte, cucumber mapaic virus-ciwpea isclote {(Arkansas)
and cucumber mosalé virus ICRIBAT isolabe no preddpitate
wag £ormed.
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Table 14, Mioroprecipitin test on glides

51 e ‘Reagtion  Reaction with
No, Antigen with antl~ normal serum

gerun

12 Snake gourd moatic virug s -
(Izolnte 1) ,

2., Sngke gourd mosaic virus * -
(Izolate I1) | - ,

3¢ Cucugber mosale virus # -
4, Pompkin mosaie virus . * -
5« Bitler gourd mosaic virmg % -
B¢ Cowpea mosaie virus - -
;?; Sword been woszale virus - -

+ Popifive precipitin feaction
-~ N5 precipitate Lormed

2+ Microprecipitin tegt in petrldishes

serdes of dilution piwtures of virus and antiserun
were spobted in petridishes ab yegular intervals. The prew
cipitate was observed afier 4 h under a stereomitroscope
uith top light and black backgrounds The intensity of the
precipitate was greded, It wag observed that the sntiserum
titre vas betveen 1:2048 end 134096 and the virus end point
was betveen 1:1024 and 122048 (Table 19)« The abdve axpow
rigent with healthy snake gourd plent sap did nob produce
any precipitates



Tabla 15. Hicroprecipitin test of snake gourd mosaic virus and its antiserum

ﬁﬁiﬁm Dilutions of sap mtaimg snake goun! mosatce, v:r.ms
ationg s _
: /7 2 A4 4fs 116 1/32 1/6h if1eB /256 1/512 11 024 1 /2048 1/4096
1! ¥ Afb kb | +obbk A e 4’-~§-++ Hokep Pt | 4 ot 4 4 - . am
1/2 R R R SR W IS SN RN PN Aopde +4 Fe S 1 - -
1/ FEEE AR e TR e R b ++ - i
1/8 N T FE ek s e # 4 - -
1716 Addd B 5 4 g = R + - -
1/32 P ¥ b 4 +4+ + + + - -
1/64 i+ $+ EwE F + & " + - -
1/128 e + + + + + * 1 - -
1/256 4 + + + 1 1 1 1 - -
1/512 + 1 1 1 - - .
The curved line encloses the area of preclpitates vislible under nmicroscope
++4++ Very heavy reaction ++ Moderate reaction 1 Barely visible reaction

+++ Heavy reaction + Slight reaction - No reaction

g8
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34 OQuchterlony's agar double diffuaion tdst

This test wag performed in sgaroge taken in petri-
dishes. The precipitates formed due to entiserum-antigen
interaction were ptained using amidoblack and the types of
precipitete formed were recorded,

Firet plate did not show any band Between the wellss
In this plate, well 2 eontained clavified healthy plant sap
- and wells 3 end 5 received distilled water and 4 and 6 cone
tained buffer, The central well (1) comtained antiserum of
gnake gourd mosalc vimg., _.

In the second plate there were dark thick line bet-
ween the wells 1 and 2, and 1 end 5 (Fig, 17)« Here the
vell 2 received snake gourd mosaic virus and the well 4 wag
#111ed with sap from healthy smake gourd plant, well 3 with
avord bean mosalc virug, well 5 with cucusber mosaic virug
and well 6 wilth cowpea moszic virus.

In the third plate,well 1 contained entiserum of
snake gourd mosaic virus end wells 5 and 5 were f£1lled with
aap from haalthy snake gourd plant. Vell &4 recelved sap
from bitier gourd mosaic virus affected plents and wells 2
and 6 recéived snake gourd mosale virus obtained from plants
grown on the field and glass houge respectivaly, Precipltin
band was formed in between wellas 1 and 2, and 1 and 6, The



Figs 17« - Well 1 received antiserum of sreke gourd mosalc
virus, well 2 reoeived snzke gourd mogaic virusg,
3 svord bean mosalc virus, 4 sep from healthy
snglke gourd plent, 5 cucumber mosalc virus and
6 cowpea mosalc virus,

Fig, 18, VYell 1 combeained antiserum of gnake gourd mosaic
virus, vells 3 and 5 £4lled with sap frsa healthy
snake gourd plant, well & received bitter gourd
.mosaic virus and;wells 2 and 6 received snake
gourd mosaic virng obtained from plants grown
on the £ield and glass house respectively.
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fusion o0 the two nricipitin line indicates that the virus
isdlate ' fraom field and ‘hat sbtained fron inde 1l te Hlants

in the r~lass house are one and the game  ir, 1),

In the cage of »late 4+, well 1 contained antiserum
of snake gourd mosaic virus, wells 2 and > received snake
rourd noascic vims, T contained bl ter  ourd mosaic viruas,
&4 —umpkin masaic sirus and 6 healihy sa, >f snane gourd
plant (Tir. 17). The srecipitin lines formed betvee~ 1 and
4 and 1 and > fused tovether shawing that the are relatec,
ie. punpkin nmosaic viru, 48 serslogically related to snake
gourd nosaic virus, he preeipitin line forwed betwecen
well 1 and ¢ 18 uue to Lhe antigen and antiserus reaction

of snalYe gourd mosaic virus,

“{z. 20 ghows the tyne of orecipitin line in -late 5,
I'nis experiment was done by using purified virus prenarae
tions diluted to } concentmatiom, ells 3 and 5 contained
snace ourd mosaic virus antisen, 4 contained cucumber masaic
virus antigen and 2 pumpkin mosaic virus anti en, el1 6
comtained sa» from healthy snake gourd plants diluted to a
eoncentration of . hin dark blue distinct bands were
forme. oetween wells 1 and 2, 1 and 3, 1 and 4 and 1 and 5.
All tae bands formed are fused tomether showing that cucumber
mosaic virus and pumphin mosaic virus are serslogically

related to snake gsourd mosaic virua,



1.1,

i”. 2 L]

ell 1 contained antiserum 3f sna e counl
nysailc virus, wells ° and recelved ann ¢
Jurg 1Psa ¢ virus, * contained bitter oun
mosale virus, & pumpkin mosale virue and

heal.hy 8a 9of snake gourd >lamt.

he exmeriment as 'one bv u in »airtified
vi-us »reoaration Jiluted to  concen*ra-
tiar. el? ! ¢o*ained antiserun of
snake ourd mosuaic virus dilutodi' y tell-
an’? contalinec sna ¢ ocurd mosalc virus
anti~en dilated to containe cucu b-r
mosaic vi~us anc 2 wndkin mosvic virus,

both dilutel ta> ., ell A containe <o

from health snase our lamt dilute to> .



snake gourd
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ViI. Veristel sereentng

Soven varigtlias vers inoculated acchenically using
snake gsnrﬁ;mnsaidféiﬂuss Gbﬁprvatiana.indicateﬂ‘hhat noneg
of the varieties wag found msimn‘k 5 gnake gourd md'salic |
wirus,s Appearsnce of aymptam&-ﬁp the newly emerged leaves
varied frop 5=-8 deayn dagan&iﬁ@-nn the vaprletys Sdne varies
ties were more sugeapbible aﬁd produced Severe symphoms '
compared to other varietiess Bxtra-long (Pocha) prodused
symptons S days after insculation end was very severe. It
got 100 per obnt infection, Cowl was least susceptible
which produced symplions 8 days after inoculation and showed
85 per cent infection, The susceptibility of other varit-
ties vwere botween 80«95 per cent (Table 18),

Table 16, Incldence of snake gourd mosgic digease in
differﬁﬁﬁJVarietiﬁﬂ uf snake gourd

'%umbeﬂ»af plantg iﬁn Fen cent Time taken

Varietles ot P e -
'fiimbe?* % plBnts Lnosu- - Anssgtion ?a;.cgpgga”
lated gyoptom -
uxpvﬁiw‘ EXpeyio - (days)
- _ ment I mant iz - ,
14 Co~l 7/16 810 65 8
2¢ TheS 8/10 810 80 (]
3, Thel0 gf10 770 80 7
4y Thw19 8/10 o1 35 6
5, PR=1 . 9/10 10/10 55 6
6. Rutra-lons 10/10 10/10 160 5
6

7s Jellayanl  g/10 10/10 93
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VIII, Estimation of loss

1. Bffact of snake gourd mosale virug infectisn on
number of leaves.

The observationg of the experiment to £ind ocut the
effect of virus infection of 15 and 45 day 91d plants on
the nugber of leaves formed aye given in Table 17, The
data showed that the virus inoculation of 15 day o1d plants
refuced the nunber-of leaves slgnificantly as compired to
catrol and sther trostment. Treatoent V,T, showed reduc~
tion in rmumber of leaves from 30th day onwards whereas
treatment V,T, shoved reduction on mumber of leaves from
45th day omvards. It was obsorved that the number of leavas
wWere not reduced significently over control when 45 day old
plants were indculated,

2. Effect of snake gourd mosaic virus infection on leaf area

The effect of virus infection on anake gourd plants
at different growth stages on leaf area wan recorded and
pregented in Table 18, The results showed that the leaf
area wag reduced significantly when 15 day old plonts were
inoculgted. There was significant reduction on the lcaf
-area vhen 45 day old plents were algso inoculated.

3, Effect of snake gourd mosalc virus infection on inter-
nodal length

Tho regults on the internodal length are given in
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Table 17. Effect of infection on snake gourd by smake gourd
mosale virus at diffevent growth stages on number

of leaves

{(Mean number of leaves)

Trestmens Time of abservation {days)
30 45 8 75 N
v,T 15;2& 45 .02 10?.,8’7 157.90  167.82
11 (5.90) (6.71) (10.39) (11,78) (12.95)
V4To | vs ’e 128,08 170,22 210,60
(11,32} (13.,053) (14.51)
v 17440 47471 129,66 173.08 206,78
1 (Z.m (7.60)  (19.39) (13:46) (34.38)
(4.04) (6492) (10,98) (12:9%) (14.60)
VT " 137,67 19741 260,07
22 " ' (133 (hios) (16.19)
v 17.43 61,16 142,97 205,67 268422
2 (5217) (7.82) (11,96) (14.34) (16.38)
CD(0.05) 022 0,67 0f50 0,68 103

Figures in parenthesis are transformed values



.‘8' IB

Table 18, Effect of infection on snake gaurd by snake gourd
posaic virus abt dififerent growth stoges on leaf

(Mean leaf ares in cn®)

2

‘fmatmer;'bé | o .'_.i‘j--!'ma of q}ﬁséﬁatiﬁn_ (ﬂ-éygj N .'-
e 45 &0 s %0

v 1381 166i67 21391 195,56 161.6h
V4T, e v 249,08 219,80 161,11

v, 18558 361460 311470 306,95 23560
VT, 81,09 186,40  207.5h 201,19 119,35
VT, . 250,32 210,25 128,98

Vs 19726 259,02 322,22 514,93 223,85
g5y EST 6256 2036 248 27.42

i
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Table 19. It was observed that the internodal length reduced
gigniticantly over control and other treatment when 15 day
pld plants were inoculated, Insculation of 45 day old p]l.mﬁa
glso reduced the internodal longth sigaificantly over con-
ol

Table 19. Effect of infection on snake gourd by suake gourd
mosale virus ab different grovth stages on inter<
nodal length

{Hean length in om)

a—— — ‘ b

Treatment Time of observation (days) e
30 b5 . 6 . 75 . 9

¥,y 9,98 15,31 1541 - A8k - 14,15
?1‘32 ‘e ae - 17408 . 16,03 . 15,03
v, 15,02 17.86 18,97 18,05  17.05
7,2, BuO7 4,78 154k W55 13,61
VT, v P S A Y-
v, 1248 1844 18439 17,90 17.48
€D(0,05) 2451 0,95  1.18 0467 0485

4 Effoct of snake gourd wmosale virus infection on
thlckness of vine

The results are given in Teble 20, The vesults
showed that inoculatlon of the plants ab different growth
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stages did not exert any significant effect on the thicke

ness of ving as compared to control.

Table 20, Bffect of infection on snake gourd by snake gourd
mosalc virus at different growth stages on thicke
ness of vine

{Hean thickness in cm)

Treatument Tims 9f shservation (days)

30 45 &0 75 o0
V T, 1279 2,02 1.91 181 1.70
V1T2 LR . 1 igo 1 681 1 l?2
V.] 1“.7.? 2;0'[3 1.96 1 0855 1.74
‘!2’5.‘1 ) 1.77 . 2-03 . 1 igo' . 1 .81 . 1 073
Voly Cae e 1 1.83 . 1.79
V, 177 L 2,08 . 1,92 . 1.79 . 1472
CDo.05) . 1S NS00 WS . ®m . NS

NS Not significamt
5. Effect of snake gowrd mosaic virus infection on total
length of vine
‘ The résults are presented in Table 21. Inoculation
of 15 day o1ld plants reduced the length of vine signifi-
cantly as eompared to control., Treataent V,, 'i‘1 showed signie

ficant reductlion on the length of vine from 45th day omwards
whereas treatment VaT’i produced raductian on length of vine



92

from €0th day onwards. Inoculation of 45 doy 0ld plents
did not show any significant effedt on length of vine as

compared to control. !

Table 21, Effect of infectlon on snake gourd by snake gourd
mosalec virus at different growth stages on total
langth of vine

(Mean length in motre)

Treatment Time of observation (days)
30 45 60 75 90
V4T, T2 397 531 579 6405
VT, I ’ 6400 6.55 6.82
v, 1,63 b8 6,65 722 7456
V1, 1.08 3,79 5.8 5,98 6445
VT, ‘e ve 6.73 Ta11 7435
v, 1407 4.28 725 7474 T+Sh

6. Effect of snake gourd mosaic virus infoction on number
of branches

The results on the effept of vipus inoculation at
different growth stages of the plants on the number of
branches produced are givén in Table 22, The results showed
© that inoculation of the plents with the virus at different
gtages of grovwth digd not affect the production of bhranches
signiZicantly as compared with wntrested plants,
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Table 22, Effect of infectlon on mnake gourd by snake gourd
mosalc virus at different growth stages on number
of branches

(Mean number of branches)

!

-

Treatment  Time of observation (days)

36 45 60 75 %
V1T “e s (3235‘3?) <3‘£3§) (3‘.‘?‘5)
¥iTy 3 2 &%
v, o &Eh @nhy dsh G
Voly AL e ~<‘§§-@?§> G0d) G
iy e e gl em em
Y2 e &35 e5 G L
CD(G.OS) - NS T oS . - HS

NS HNHobt significant
Pigures in parenthesis are transformed values
7+ Bffect of snake gourd mosale virus infectlon on number
of £loders
The resulis are presented in Table 23, It was

ohserved that the number of flowers (male and female)
praduced was gignificantly reduced over control and other
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treatment by those plants insculated on the 15th day, Inow
culation of 45 day old plants did not show any significant
effect on the nunber of Llovers produced over control,

Table 23, Effect of infection on smake gourd by sneke gourd
mogeic virus at different growth dtages on number
of flovers produced

{Mean number of flovers)

| Treaﬁmén‘h " ¥Male -fiéweﬁs l‘Female- flowers -
W TRE B
M TERS RS
i B ¢ XS )
AR - c SO
e Ry 8
'2 ") ©:3
CD(Q@gQB) 2492 0455

Figures in parenthesis are tronsformed values

8« Effect of smake gourd mosalc virus infeetion on number
of frults

The results are presented in Table 24, Yhen 15 day
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02d plants were insenlated the mumber of fruits produced
wore reduced pignificantly over control and other treatpent.
There vag no significant redustion over econtrol on thé nunher
of frudte produced on planty inooulstbed on 45Ch days So
early infection resulted in significant reduction on fruit
sot whereas late infaction did not exert significant effect
on fnilt sots |

~ Teble 24, Effect of infoction on shoke gourd by snake gourd
mesale virug at different growth stages on muber
of fruits produced . '

{(Mean munber of frulita)

ﬁ%#%mané o : .::ld | ﬁu@ﬁ;er of fmi‘ts |
KN | B
1%z | A
K | NN
Yéh | figesd
Yo 3%
] 5.5
C®(6,05) 0.45

Filgurss in parenthesis are transformed values
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9, Effect of snake gourd mdsaic virus infection on length

of frults

The results are prasented in Table 25,

The msulta

shoved that incéulation of the plants with the virus at
different stages of growbth did not affect the length of
fruits slgnificantly a5 compared with untreated plants,

Teble 25. Effect of infection on snake gourd by snale gourd
mosalc virus at different growth stages on the

length of fruits produced

Treatosnt; Length of fruits
vy Ty 7.7
V4%, 7043
vy 71423
V Ty 59+2h
VP 64,03
v, 62,76
€D(5,05) N3

N3 Not sisnificant

10. E2fect of anake gourd mossic virus :Lnfaction on girth

of frults

The results are presented in Teble 28, ‘
observed that inoculation of the plants at different stages

It vas
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of growth did not effect the girth of the fruits signifi~
cantly wver contrals

Table 26, Effect of infection on snake gourd by
snake gourd masaic virus at different
growth ghages on girth of frulis

{Mean girth in en)

Treatoent Girth of fruits
Va‘rz - 20.18
Va 195
CD(QQO:"’) NS

N5 Rot significant

11. Effect of snaké gourd mosalc wvirus infection on mean
welght of fruit

The results presented in Table 27 showed that the
moan welght of fruit was not significantly affected by the
Inoculation of plants with virus at different stages of :
growth. So the vipus infection has no effect on the average
frult veight compared to untreated plants, |
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Table 27. Effect of infectlon on snake gourd by
snake gourd mosale virus at different
growth stages on weight of fruit

(Mean welght in kg)

Treatment Mean weilght of
fruit

“'1@% 074
V‘lTa 074
V,' 0.75
VE?Q D62
Vg 0.61
®(0.05) N

NS Not slenificent

12: Effoct of gnake gaurd mosalc virus infection on
fruit yield

It t%aa obsexved from the data presented in Table 28
that when blants vere inoculaeted on 15th day of growth,
the quanti‘f;y of fruits produced were significantly reduced
over cantr?:»l and other treatment, There was no significant
raducticon :im the yleld of frulls when the plants vers ino-
culated at 45th day of growth. Hence emrly infection resulted
in significant reduction on yield of frulls vwhereas late
infection did not exert significant reduction.



Table 28, Effect of infection on snake gourd by
snake gourd mogaic virus et different
growth gtages on frult vield

(Yield of fruits in kz)

Troatment Yield of fruits

v, | 9:02
V4T, 17.07
v, 20417
VT 11409
VT, 15445
Vg 17,57

-

CD(5,05) 525




DISCUSSION



DISCUS3TION

The vims causing mosaic disease of gnake gourd
(?richasanthes gggg;gg_L.)'was~inveatigated. The éiaaase
wag found to be vide spread in Kerala causing severe damage
to the crop. The main synptoms of the disease were mosaic
pattern of irregular dark grezen and yellow chlorotic patches
on the lamina simllar €0 those described by Shankar gt al.
{(1969)« It also resembled the symptoms produced on smeke
gourd by & strain of cucumber mosale virus (CMV) reported
by Pillal (1971). Dubey et ale (1974) reported that sneke
gourd mosale virug infection produced mosaic mottliing accome
panied by chlorosis, vein banding and blistering of leaf
lamina. Diseased plénts produced only a few wealk runners
and plants affected in an early stage blossom sparingly
and set fow frults, Joseph and Fenon (1978) also reported
similar symptoms while studying the mosalc digease of
snake gourd, A comparizon of the symptoms of the snake gourd
mosalc disease reported by the sarlisr workers with those
of the smake gourd mogaic digemge found in Kerale ahoved
that the symptoms depcribed from different places fie more

or legs similar,

The virus wag found t6 he transmiszible through sap
inoculation, It could be transmitted casily using distilled
water as the extraction medium {standard sap). Sap trand-

mlasion of snake gouwd mosalc virus has been reported earlier



by many workers (P1llai, 19713 Dubey gt als, 19743 Jomeph
and Menon, 1978}, Use of phosphate buffer and tris buffer
did not show any significant increase in the infectivity

of the virus, This is not in agreement with the observa-
timse of the earlier workers (Foster, 1972; Sharma et al.,

vity of CHV with the use of phosphate buffor.

In the experiment €0 study the geed transmission of
the virug, out of 180 geeds sown 134 seeds have germinated
and none of these plants shoved the symptona »f snake gourd
mogaic digease, This shows that snake gourd mosalo virug
ia not trangnissidle through peed, Nagarajan end Ramelrisimon
{1971a) found that mosaic disease of swake gound caumed by
vatermelon mosele virus was transmitted through seed, Seéed
transmission of CUV through the sceds of their respective
hoats was reported by many workers (Hani and Pelet, 1970;
Tomlinson end Certery 19703 Sharma ot ple, 1984). But
Kaiger and Danesh (1971) found that CWV igolated from
Cleer ariotinug could not be transmitted through seed,
Sharma and Chohan (1973) while investlgating the secd trange
uisaion of cucurbit viruses reported that Cucumisg virus 1
was gead borne in vegetable marrow, ash gourd, and pumpkin,
But Dubey gt gl. (1974) foumd that mosale diseasc of snake
gourd caused by Cucunls virvs 1 was not sged transulssible.
It is therefore, Aifficult to aome at a conclusion regarding
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the seed transmission, aa a genheral character of Cucunis
virus 1. Hawever in the present investigation, duo 4o the
failure of geed transnission, the virus csusing mozalc .'
diseage of gnake gourd resembles Cucumis virus 1 as reported
by Dubey et al. (1974).

‘The virusg could be tronsmitted through graft inocu-
lation, eventhough there wa,%a no proper graft wnisn in the
horticultural senses FProper graft wnlon was not obiained
probably becauge of the hollow nature of stém. Due to this
ﬁifﬂ.culiky the reports on atbtempis of graft transmission in
tha case of cucurbit viruges are scanty. The pregent gtudies
revealed thot wedge grafting con be done successfully in
snake gourd plants for virus transmission, if the gratting
is done at the nodal region. Such type of successful graft
transmigslon hag not been reported so far in snake gourd
although Bagillious et al. (1969) reported graft tranani-

ssion of watermelon mosalic virus,

Studles on the ingect transmission of gnake gourd
mosale virus was conducted using A. gosgypid, A. graceivora,
A+ malvee, Pentajonis nigponervssa and Epmisia tgbact,

A, gosgypid vas found o transmit snake gourd mosalc virus
in o very afficient manner giving 95 per cent followed hy
As malvae giving 85 per cent and A. graceivora glving only
45 per cent transmission. The aphid Pentalonia nigronervosa
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and the whitefly Benisic iaebaei falled to transmit the virus,

 In the £1eld condltions generally A. gossypli end
A. palvee were infesting sneke gourd plants and this must
be responsible for the Spre,gad of the disegse in field, '
Verma gt gl. (1970) 'xfé-parted that a severe mosalc of snake
gourd wag transmitted by the aphid A, gossypii. Transmi-
sgion of Cucumis virus 1 cauaing snake gourd mosaic, by the
vector A, posgypli vias reported by Dubey gt al. (1974) ang
by the vectors A. gogssypil and A. crpeclvara was reported
by Jogeph and Menon {1978). Kalser and Danesh (1971) also
could obtain transmizssion of CMV infecting Clcer amrietinvg
by A, graceivora in a stylet borne manney, However, failure
to trenamit viruses infecting snake gourd by A. gracoivora
has been paported by Verma et al. (1970‘). PLllai (1971),
and Duvey et al. {1974). In the present investigation
A, pg@ccﬂ_va_@ was not found infesting snake gourd plantg
but 1t could transpit snake gourd mosald virus. ZFentalonin
nizeonervosa and Bemisia tabaci vere not reported to be
vectors of snake gourd mosale virus,

The physical properties of the virus, viz., dilution
erd point (DEP), thermal inactivation point (TIP) and lon-
gevity in vitrs (LIV) vere studied, It was found that tﬁa
virus remained infective at a dilution of 1:;10000. With
regard to .DEP the virug reseabled a strain of CMV heving
a DEP of 1310000 (Pillei, 1971).
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The TIP of the wvirus was 70-75°C. Pillai (1971)
reported the TIP of a sivein of OV as 60°C, Howvever,
Dubey et als (1974) found 1t ta be 6570°C for Sucunis

virus 1 and Joseph and Menon {1978) found 4t o be 70-75°C,
The virus resembled Cucumis virus 1 (Dubey et al., 1974

Joseph and Menon, 1978) with wogard to TIP, .

The LIV of the virus wag tested in two temperatures,
viz.) room tewperature (28+30°C) and also wnder refrigera-
tion (10°C). It wag ﬂoundd%ha*b the virus vag infective for
96 h at room temperature and 144 h under réfrigevation. Yith
vegard to LIV the virus resembled Cycupis virus 1 (Joseph
and Menon, 1978) having a LIV of 72-96 h and 144-168 h at
room tenporature and undey refrigeration yespectively.

The vector<tirys relationship wasg studied using the
nost efficient vector, viz.y A gossypii. Acquisition
threshold, inoculatlion threshold, effect of pre-acquisition
and post=acquisition fasting of the vechor on transmission
of the virus, vetentisn of infecilvity by the vector and
pinirum nupber of aphids requirsd for transatssion tere
investigated.

rsﬁﬁimtm acquizition feading period required by |
A, gossypii for transmission of sneke gourd mosaie virus .
wag found 40 be 30 9. As thd acquisition feedinz period
was increased the per cent transmission was aleo inoreased
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and the maximum transmission of 20 per cent was obtained
when an acquisition feeding period of 20 min was given,

As the acthiisition feeding perdiod was further incieased,
the efficiency of tranamission of the virus was reduced

and it was only 35 per cent when the agquisition feoding
period wag 2 h (Table 8): The minimum inoculation threshold
of snake gourd mosaic virus in the present studies wag found
o b2 1 min (Tablo 9)., The par cent bLransmission was found
o inecrease with the increase in inoculefion feeding period
and reached the maximum of 700 per cent when 1 h inoculas
tion feeding period was givens As the inoculation feeding
peprlod was further increasedy the per cent transmission
declined and reached 65 per cent .with 8 h inoculation feedw
ing. Non~persistent manney of transmission of gnake gourd
mosaic virus (Cucumis virus 1) by A. gossypii end A. ecraccivora
was reported by Dubey et al. (1974}, and Joseph and Mensn
{1978) réspectively. Jaganathan and Ramakrisbnan (1971)
obgerved that the virulifersus aphid A. gogsynii can pick up
the melon mosalic virus with a4 short scquisition feeding
period of $ s and tronsmit it with a short inoculation feed
ing period of 5 s. Acodrding to the serologleal studies
conducted by Dubey and Warieni (1975), melon mosaic virus,
snake gourd wosalc virus, cucumber moscic virus end bitter
goard mosaic virug are In the group of Cucumis virus 1.

But in the present studies A, gosgyuii falled to acquire
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and inoculate the virus at less than 30 s and 1 min reg-
pectively, This difference in ¢he minimum acquisition
foeding period and minimum inoculetion feeding period of
A» gogsypll to transmit snake gourd mosaic virus may be
dus to environmental and other factors.

Investigations on the influence of pre-acquisition

. fagting showed that stapvetion of aphidn before acguisition
rosulted In an increase in the per cent transmission, With
the pre-acquisition fasting the increase in per cent trange
mission wag found only t111 1 h fasting end therdafter the
per cont transmission declined. The efficlency of the
vector to transmit the virms wasg completely lost when starved
for 6 h, Therefore it is found that pre-acquisition fasting
upto & period of 1 h increased the tramsmission efficlency
of A. gossypll., The increase in efficiency of A. gossyotd
and other aphlds in the transmission of many viruses include
ing sneke gourd mosasice virus due to pre~acquisition fasting
hes been reported by wany workers (Nagarajan and Rapakrighnan,
197%a, 1971b; Jagenathon and Romakrisknan; 1971; Singh, 1972,
19812, 19823 Joseph and Menon, 1978). Jagenathan and
Remakrishnan (1971) observed that maximunm transmission of
melon mosale virus was obtained when A. gogsypil vas glven

a pm—acaﬁiaiﬁicn fagting of 1 hs The yesults of the present
investigation also agree with this observation,



107:

Pogt-acquisition fasting of the vecbor cauged a
steady decrease in the per cent transmission of snake gourd
mosaic virus. The efficlency of the vector to tranamit the
virus was completely lost at 4 h stapvation. Maximim infec-
$ion wag obtaoined whan no posteactuisitlion fasting was
given. Jaganathan and Remekristmen (1971} reported that
vhen aphids were stoapved posteacguisitionally for more than
5 min there was decrease in the infectivity of welen mosaic
virus but after a period of 1 h the viruliferous aphids
ceaged +o transmit the virus. Singh (1972) found that the
infectivity of Myzug persicae to tranemit melon mosaic
virus vag completely logt after 2 h post-acquisition fast-
ing, Similarly the efficlency of the vector A. graceivora
to transmit sneke gourd mosdaic virus was completely lost
when starved for & h (Joseph and Menon, 1578). The results
of the present study also showed a similar trend,

Experiments on petentitn of infectivity by A. gossvell
rovealed that the vector lost its infoctivity after 14 h
in a1l the 6 series of experiments carried out. Non~pers
sistent nature of reténtion of infectivity of mosaic viruses
of cucurblis by the vector A. fossypili end other aphlds
were reported by many workers (Hagarajen and Remakrishnan,
1971a, 1971b; Jaganathan and Ramekrisiman, 1971; Singh,
1972, 1981a, 1932; Chosh and Hukhopadhyay, 1972), Jaganathan
and Remakrishnan (1971) reported that the ephld vector
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rotalned the infectivity of welon mosale virus for 1 he .

The vector Myzug psysicae could retain the infectivity of
waternelon mosalc virus for 2 h (Singh, 1972)s Singh (1981a)
found that A. gossypid could retain the infectivity of .
pumpkin mogelc virus for 2 hy In the pregent investigation
gince the infectivity is lost after 1% h, the transmission
of sneke gourd mosale vimws by 4. gossypil con alsoy be

Termed as non~pergistent mammer suggesisd by Jaganathan

egnd Rameltrishnan (1971) and Singh (1981a), ,

!
l
;

The minimun number of aphids required for successful
transnigsion of sneke gourd mosaic virus was also worked
out end it was found that a single virullferous aphid could
cauge ‘sugc»saéaﬁul transmiesion of the virus (Table 13),
Kaiger and Danesh (1971) found that a single aphid wes |
able to trensmlt CHV but greater transmissions were obtainad
only by using comparatively larser numbep of .aphid:a;a Sialﬁ.lar
results vere alsy obtpined in the transmission of watermelon
mosale virus to vegetmble marrsy (Raychaudhurl and varma,'
1977) s waternelon mogaic virus 4o waternelon, cucumber,
punplin and squash by Nyzus popsicee (Alpeida and Borges,
1983) and pumpkin moseic virus by A. gossypii (Singh, 1981a),

Naximmn infechbion of 95 por cent vas obtained 4in the
pregent study when 10 gphids were used. Hogorajen and
Rawakrishnan (19710) obgerved masimim infection when 20
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aphids (Myzus pergicae) were uzed in tho case of pumpkin
wasalc virus, Raychaudhuri and Varma (1977) obtained cént
per cent transmisslon of watermelon mogate virus with more
then 5 aphide (A. gossypil). Singh (1981a) found meximun
infection of pumpkin mosaic virus whon 10 aphids (A, zossypil)
were used,

Studies on hogt range and local lesion hosts cone
ducted with 70 plant species belonging to 18 families showad
thet the virus wnder study was ¢mfined to the mewbers of
the families chenopodiaceas, compositae, cucurbitucese and

solanaceaes, It produced systemic symptoms on Aggratum

eonizoidesn, Cucurbita moschaba, Cucurbits neva, Cucumis
pativus, Lazenaria slceraria, Luffae scutanpgula, Helothris
perpugiils, Momordioca charantia, Datura stramonium, Nicotiasna
glutinogs and Nicotiana tabacum., The virus produced dige
tinct necrotic local lesions on Chenopodium pmavanticolox
and Chenopodium guinoa. Awmong these the weeds, Azepratun

copizoides and Helothria porpusilis are firet reports es
hosts of sneke gourd mosalc virus. Verme gt al. (1970) |

vhile working with Cucumig virus 2B causing mosaic disease
of snake gourd observed that the virus couwld produce syste-
pic symptoms on nembers of the familly cucurbitacese, end
local lesions on Chenopodium amavanticolor. Nagarajan and

Ramakrishnan (1971a) reported the occurrence of waternslon
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uogaic virag on snake gouxd but its host range wag found
regtricted to cucurbitaceae alone, Shankter et al, (1972)
obgerved puspkin moseic virug on sneke gourd, but its host
ronge also was restricted to mewbers of the family
pucurbitaceaes Dubey gt sls (1974) reported a mogalc digease
of gnake giurd from Delhi caused by Cucumis virug 1, the
host renge of which was restricted to members of the famie
iies cucurbitacenc, oompositady solanacsne end chenopodiacess.
among thede distinet leal lesions were produced in

antlesior beldnging to chenopodisceae and

Loviging to the other three familles gyse

temic symptoms were produceds ZIgnagh {1977) reported that

cucumber mosale virug sivain 1 produced local lssions on
Chenopodiun gulnoas A compardson of the host renge end
local lesion hosts of different viruses infecting snske gourd
revegaled that the virus wnder ghudy shown a close sinllapity
to Cucumls virus 1 described by Duboy st al. (1974). It
differg in host range and locsl lesion hosts from Cucumis
virus 2B, watermelon mosaic virus and pumpkin mosaic virus
infecting snake gourd,

Serologloal studies were conducted with a view to
identify the virnss The resulbs of the alcropregipitin
test on slides showed thalt antigens of snake gourd mosaic

irus isolate T (obtained from inoculated plamts in the

glass house), spake gourd mosele virus fsolate IT {obtained
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from diseaged plants in the £ield),; cucumber mossic virus
and pumpkin mosaic virus produced dense precipitate with

the antiserum spacific to snake gourd mosaio virug, This
indicates the serological relationship of snake gourd momaic
virus 4o the viruges davsing cuctmber mosale and pumpkin
nosalec found in Kerala, No serologioal rolationghip wos
obtained between anale gourd mosaic vinig and, bibier gourd
mosaié virus, cowpea mosalc vimis or sword bean momalc virus.
The snake gowd mogaic virus antigen did not show any serj-
logical relationship with eny of the antisera of three other
viruses, viz., cucunber mosaic virus Arkangses isolate,
cucumber mogsaic virvug (cowpea isolate) Arkansas and cucumber
mopalc virus ICRIBAT igolate indicating thet snake gourd
mosaic virus found in Xerala is wnot serslogically related

to any of these viruzeg.

Hicroprecipitin test in petridishes were conducted
to £ind out the anbiserum titre, the virus end point, the
titre of the antiszerinm with the healthy sap amd the end
point of healthy sap with the antiserums In the prosent
studies the titre of the antiscrum was found 4o lie between
182048 and 134096 and wirus end point between 1:1024 and
1:2048, Dﬁbey et al, (1974) got an antiserun titye of
112048 and wvirus end point of 134066 with purified vivus
preparations of snake gourd unosalc ocourring in Delhi caused
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by Cucumis viruz 1 and no positive mactiaﬁ was obtalned
with heelthy plant sap and an‘t:is_ert_.im, The virus end point
of 14096 obtained By them indicates that the 'i'rirué\ QONGEN=
tration was more in thelr preparation dus to the uge of

purdfied virus preparation for the tests In the present
invegtigation supernatent of diseasged sap strained through
cotton woHol, sub;jected. to centrifugation at 5000 g was used
for the test and thug the virug concentpration vwas Low in
the preparation. The results of the present investigation
on antiserum titre and failure of healthy soap to react with
mtiserun ave in agraeement with the findings of Dubey et al.
{1974). B

According to The serologleal studies conducted by
Dubey and Nariani (1975), snake gourd mosalc virus, cucumber
mosalc virus, welon mosaic virus and bitter gourd mosalc
are in the group of Cucumig virus 1, In the present studies,
bitter gourd modaic virus failed to react positively with
snake gourd mosaic virus antiseyum. This indicates thet
bitter gourd mosale found in Herale may not be coused by
Cucumis virus 1. The serological relationship of the present
virus with melon mogsaic virus has not been itried, since the
antigen to melon mosaic virus could not ba obtained.

The results of the Ouchterlony's 2gar dsuble diffue
sion test have eonfirmed the f£indings of the mleroprecipitin
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test on glides« The oppearance of dark blue precipitin
bands betwesn the wells containing antiscrum and snake gourd
mosalc virug entigen and cugumber mosaic virus entigen in
the second plate clearly indicates the presence of antle
hodies specific to snake gourd mosalc virus and cucumber
mosaic virus in the entisermum (Fig. 17). The absence of
any band between the antiserum well and the wells contedn-
ing sword bean mosalc virus end cowpes mosalc virus antlgens
indicated that the antiserum did not contain antibodies
against any of these two virusess In the third plate there
was fusion of two preclipitin lines formed belween wells
containing antiserum and sneke gourd mosoic virus entigens
obtained fyon infected plants in the glada house and field
(Fig, 18), This chows that the snake gourd mosalc virus
antigen obtained from glass house and field grown plenta
ere of the same virus, It is a well egteblished fact that
fusion of precipitin lines shows the identical nature of
antigens (Noordam, 1973)

The fourth plate contained antiserum for snake gourd
mosaic virus in the central vell end the surrounding vwells
contained snake gourd nosalc virus anﬁigén, punpkin oosale
virus anbigen, bitter gourd mossic virus entigen and healthy
plant saps The fusion of the precipitin lines formed bet-
ween the antiserum well and the wells contalning antigens
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of sneke gourd mosaic virus and pumpkin mosalc virus indie
sates that these two viruses are serclogically very much
related (Flg, 19).

The £ifth plate shows the sepologleal reastions
‘batween ant.igerﬁm of dnake gourd wosale virus with the dilubed
antigons nomely snake gourd mosaic vima, cacunber mogaic |
virus and mpkin mosalc virugs The fugion of the dark bluas
precipitin lines formed between the antiserum well and ail
the antigen wells except the well containing healthy sap
ghovs that the virus entigens ove very much related (Fig, 20).

In the varietal screening trial corried out with
seven varieties it wos found fhat all the varieties were
sugceptible to snake gourd mopale virus, Symptoms aeppearad
within 5 ¢to B days depending on the varlety. Even though
all the geven varieties vere susceptible to the virus, there
was some varlstion in the severity of amymptons produced,
time haken for appeadance of symptoms and percentage of
infection in the inaculated plants.: Extra~long (Pocha) was
found highly susceptible which produced 100 per cent infecw
tion 5 days after inpoulation followed by Vellayanl local
and FEMeT which produced sywmptoms on 95 per cent of test
plants 6 days after inoculatism. CO0-1 wag found lesast susw
geptible with 65 por cent infectlon 8 days after inoculation.
Sowell and Demski (1969) while workine with watermelon mosalc
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virus 2 found thot none of the watermelon varicetlea tested
was iomme $0 the viruss raaakwété and Feglae (1972) also
arrived af sinilar conclusion and roporded that gll the
waternelon and pumpkin varieties tested were susceptible
5o watermalon mosalc virus. Orgber (1978) from Quesnslend
2160 found that all the comepcially available watermelon,
vegetable marrow end pumpkin ¢ulitivers Were cusceptible to
waternelon pesaic vimg 1 and 24

Inoculation of snake gourd plante with virus at
different gtapes of growth shoved thet the vegetative |
growth and yield were affected severely when maculmeé at
an early stage whils the effoet of virus dnoculation vas
not sigoificint at laber stages of inocculation.

It was ohgerved that the incoulation of 15 day 014
plants with virmig gsignificantly reduced tha nunber of leaves
of both the ¢ultivars tested vhile the effect was not signie
ficart with 45 day old plantss Hence the reduction in
musber of lsaves depanded on the time of Inosculation; e,
if the plants were inoculated at early steges of growth
the number of leaves were reduced significantly. Varieby Vy
ghovwed veduction in mumber of leaves from 30th day cnvards
whare ag variety V, shoved reduction in number of leaves
from 45th day onwardas. This variotion may be due $0 varie-
tal differcncod. |
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There was severe reduction of lenf area and inter-
nodal length due o virus infection at all steges of growth,
But the virus infection had no effect on the number of
branches produced and thicimess of vine, The total length
of the vine was reduced s!.:gnificantly when 15 day o1ld plants
were inotulated and regulted in sgtunting of +the planta, _
Thié effect was not pronounced when infeoted at later stages
of grovwth,

The number of flowers (male and female) produced
was significantly reduced when 15 day old plants were inocus
lated with virus; vwhereas the inbeulation of 45 day old
plants did not show any significant reduction on flower
production, Similarly there was significant reduction on
the number of fruits produced when 15 day 61d planbs vere
inoculated with virug, But the number of frulis produced
was nat aeffected with the inoeculation of 45 day 0ld plants.
S50 early infection regulted in sigrificent reductisn on |
flover and frult production wheresds later infectlon did not
exert glgnificant effect on flower production and frult set.
It wag also obaerved that the virus infection had no effect
on the length, girth and weight of fruits produced,

It was observed that when planis were inoculated on
15th day of grovwth, the yleld of frul% was significently

reduced over control and other treatment:. There was no
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gignificant reduction on frult vield when the plants were
inoculated st 45th day of growth, Hence early iunfection
rasulted in significant reduction mn fruil yield while late
intection did not exert sny offect on fmi;i‘. vield.,

Pillei (1971) vhile investigating mosalc disease
of snake gourd reported that the disease affected plants
weore stunted and produced fewer flosers and frults, Sinilar
result was also noticed by Dubey et als {(1974) in snake gourd
plants affected wlth mosaic disease, Thomas (1971) from
New Zealand reported that early infection of watoermelom
mosaic vimis 2 reducod yield in Bubttercup sauash, Golden
Hubbard squash and pumpltin bubk no yleld reduction was ohserved
with later infeotion. Demski and Chalkley (1974) while
gtudying the effect of watermelon mosale virus on watermelon
obzerved that infecied plants hed shorter runners, saaller
leaves and reduction in number of fruits produced, Alverez
and Campbell (1976) while studying the effact of aguash
mosalc virus on cantalsupe recorded significant reduction
in numbey of frult por plant but had no influence on size,
weight or edible quality of the frults, Jayasres (1984)
found that yellow vein mosajc disease of pumpkin produced
significant reduction in number of leaves, slze of the leaveo,
size of the leaveg, interncdal length, totel length of vinea,
and nunber of f£lowers, The results of the present investi-
gation also agree with these £indings. '
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Mosaic diseage of snake gourd (Trichosantbes spmuing L)
prevalent in Kerala was investipgated. ' '

The aymptons appeared within 5-8 days after wecha-
nical inoculation, 85 small chlorotic aress which later
coalesced together to form larger patches. Typleal posale
mottling with dark green and light green patches vad pro=-
duced in all the subgseguent leoves. In some c¢ascs, the
ileaves had prominent vein banding and occasiomally with
dorit green dDMsters, The leaves were very much reduced in
gize and Geformed. Disensed plants remained stunted and
produced only a few flmwers and frults,

Transolesion studles showed that the virus ¢suld bo
transmitted through mechanical teans, grafiing end by ephids,
There was 60 pef cent graft transmission. The virus was
transpitted by the aphids Avhis gosgypll Glov., Aphkis palvae
Koch., and Aphie graccivora Koche Among the three specles
of aphids A. gossvpii vas found to Ye the most efficient
vector. The percentage of transmission obtained by
A. zossynil, A. malvee and A. graccivora were 95, 85 and 45
respectively., It was found that sneke gourd mosele virus
is not transmitted through seedsy by the sphid Fentalonie
nigronervosa Coq. or by the whitefly Bemisis tabaei Gemn.
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| Studles ot the physical propertdes of the virus
ravealed that the thermal inesctivation psint of the virus
was between 70 and 75°C and diiutim end point bebween
1310000 end 13150000, Longevity in yitrs of the virus was
petween 96 and 120 h ab room 'bempamt.um (28-30°C) and
betveen 144 and 168 h at 10°C,

The yvesults of the studies on veotorevirus relation-
ships showed that the mintmum ecquigition feeding pertod
required for the vector (A. ggsaypii) to acquire the virus
uas 30 8, and that the virus eould be transmitted with a
rinfeun inooulation feeding perdiod of 1 min. But the per-
centege of trancmission wag maximum when an ecquisit tion
feeding of 20 min and frcculation Pfeading of 1 h were glven,
Tt wag found that pre-acquisition fasting of the vector
for a period of 1 h resulied in noxisun infection, whereas
post-acquisition starvation decrsased the per cent infecw
tion. The rotension of infecilvity by the vector was found
o be 1% hs A single aphid wag found capable of trans-
witting the virus o heelthy plonts but weximum pﬁrmntage
of infection was obtained with 10 aphida.

The virus vas found o have its host range in the
members of the familics chenopodilacesey oompositae,
cucurbitaceas; and solanaceass It produted systemlc synuboms
on Ageratun eonizoldes L., Cucurbita moschata Dunh,,
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Cucurbita peps L., Cucumis gat:!.vﬁs Lay Larmenapia plcerapia

(Mol) & Standl., Luffa goutonsule Roxbs, Melothreia persusilig L.,
Momordics gharantla L., Datura grawonium L., Nigotiena '
glukinose L., end Nicotiena tabacum Le Distinct necrotic

1ocal lesions were produced by 'the virus on Chenopodiun
gmaranticolor Coste & Reyn. and Chenopodium quinoe Willd,

Among these the vweeds Asaretum conizsides and Melothria
persugilia wers first reports as hosts of anake gourd mosaic

virus,

Studles on gerological properties indicated that
snake gourd mosaic virus is related to cucumnber mosaic virus
and pumpkin mosaic virus. The virus ghoved no serological
relationsidp with other cucurbit viruses, viz., Bitter gourd
mosaic virug, cucumber mosaic virus Arkansas igolate,
cucumber mogsaic virns~cowpea isolate (Arkansas) and cucumber
mogaic virug ICRISAT isolate, The antiserum titre and virus
end point In the pregent study were found to be between
1:20h8 and 1314005, and 131024 and 1:2048, respectively.

Based on the results on symptomatology, transmissions,
physical properties, host range and serological properties,
the mosaic virus of snake gourd wnder study was ldentifled

as Cucumiag virus 1.

The varietal acreening studies carried oul with seven
varieties of snake gourd revealed that all the vardeties
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were susceptible to aﬁake'gourd mosalc virus, But, Extra=
long (pocha) with 100 per cent infection and FKHM-1 and

Vellayani local with 95 per cent infection were found to be
very highly susceptible whereas CO-1 was least susceptible

with 65 per cent infection,

The resulis of the f£ield experiment to estimate the
logs due to virug infection at different growth steges
revealed that sarly infection reduced significantly the
1engthlof vines, number of leaves, number of {lowers, number
of fruits and yleld, whereas late infection did not produce
conaidersble effect on both the varleties tested. There
vas significant reduction on leaf erea and intermodal length
on plants insculated at all stages of growth.
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Appendix-1

Amidoblachk gtoin for precipitin linos

Amidoblack 10B -

Sodium acetate acetic acid tuffer 0.2 ¥, gl 3.6 ~

Degolorizer - No=1

Methyl alcohol
Glacial zeetic. apid
Diatilled water

Beéolorizer_' = 1o, 2

Bthyl alcohol (Absolute)
Glacial acetic acid
Distilled water

1g

45 parts
10 parts
50 paris

40 parts

10 parts
50 parts

1000 .



ADRSTRACT

Snake pourd moessic virus disease commonly occurring

in Kerals was investigoted.,

The symptoms appeared as typical mosaic mottling
with dark zreen and lipht green paichss. The leaves were
much reduced ia size, variously crinkled and deformed.
Diseased plants were gevercly stunted and produced only a

few flowers and 2rulis.

Transnission studies ghowed that the virug could be
transmitied through mechanical means, grafting and by aphid
vectors. The virus wags found t9 be transpitted by the

aphids, Aphis eossvplil Glov,, Aphis malvae Koch. and Aphis

craccivora Koch, Among the thres specleg of aphids,

A, mogsypll was found to be the most efficlent vector:

Invesitigationg on the phyaical properties of the
virug revealed that tﬁa virus had e thermal inactivation
point between 70-75°C, Dilution end point between 1:10000~
1:50000, longevity in vitro between 96-120 h at rosm tempe-
rature (28-30°C), and between 144-168 h at 10°C,

The minimum acquisition feeding and inoculation
feeding perisd vere found to be 30 s and 1 min respectively,

1t the percentoge 5f transaigsion was maxirum when an



acqulsition feeding of 20 nin and inoculation feeding of

"l h were given.

. Influence of starvation before aecquisition and inocu-
lation feeding proved that pre-acquisgition starvation for
1-h produced maxirmn infection butb uost-ac*iuiaition starva=
tion decreased the per cent Infection, Trevector vas found
to retain the virus for 15 h. & single aphid could transalt
the virus to healthy test plants, but meximum percenta ge of
transnission was obtained with 10 aphids.

Host ranze studies ghovied that the virus was vestricted
£o the members of the family chenopodiaceae, compasitae,

cucurbitaceae and solanaceac,

Serological studies showed that anake gourd mosalc
virus is relzted to cucumber mosaic virus and pumpkin.nosalc

virug,

Varietal screening trial with seven varieties of
snake gourd revealed that all the varieties were susceptible

to snake gourd mosalc virus infection.,

Studiea on estimation of 1oss revealed that early
infection reduced mignificantly the longth of vine, number
of leaves, number of flowers, number of fruits and yleld,
whepeas late infection did not praduce significant effect,
on both the varieties tested. There vasg significant reductlion
on leaf ersa and internodel length on plants inoculgted at

all stages of growth.
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