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USE OF ILBjaglUTICMS

le a f of snake gourd showing the 
flymptcms o f tho mosaic disease*

Cucurbita mrydflfr showing symptoms 
of ihiedtiori oy the snake gourd 
mosaic v iru s.

Symptoms developed on tobacco 
G lieotlaim  tabaeum) by inoculating  

aiake gourd mosaic virus*

symptans o f snake gourd mosaic v iru s  
on Nicotiana glu tinosa.



INTRODUCTION



Slake gourd ( Triohoaantfaes anmiina L .) i s  one 

of tho major Cucurbitaceous vegetable ;■ crops o f  Kerala
i

State and i s  exten sively  cu ltivated  in  summer months. I t  

i s  a lso  an Important vegetable crop cu ltiva ted  throughout 

India.

A severe disease on snake gourd characterised by 

mosaic l ik e  syaptams was observed in  the Instructional 

Farm, Vellayani and adjoining lo c a l i t ie s .  PUrthsr survey 

revealed that the disease i s  prevelant throughout Kerala 

State. The in fected  plants blossom sparingly and set only  

very few fr u it s ,  thus causing severe reduction in  y ield .,

A perusal of the litera tu re  revealed that mosaic 

disease o f  snake gourd has been reported from Kerala 

(K Lllai, 1971) caused by a stra in  of CM? and a t Delhi 

(Dubey e t  a l . , 197*0 caused by Cucumis Virus 1*

Other v iru ses in fec tin g  snake gourd include 

Cucumis Virus 2D (Verma e t  a l . t 1970), Melon mosaic v iru s  

(laganathan and Ramakrlshnan, 1971) Watermelon mosaic 

v iru s (Nagorajan and Romakrishnan, 1971 b ) and Pumpkin 

mosaic v iru s (Shankar e t  ,^1*., 1972).* Since d ifferen t  

viru ses in fec tin g  snake gourd have been reported by various



workers from d ifferen t parts of India, an attempt was 

made to id e n tify  and characterise the v iru s causing 

mosaic d isease o f snake gourd prevalent In Kerala* The 

information w il l  a lso  ho u se fu l in  formulating measures 

o f ccn tro l o f  th e virus* She nature and extent of lo s s  due 

to  the d isease i s  not d e fin ite ly  known* In view o f  the 

serious nature and widespread occurrence o f the d isease  

the follow ing aspects were investigated*

1 * symptomatology*

2 . Transmission studies*

3* Physical properties o f  the v iru s,

*j> Host range of the virus*.
5 , Estimation of loss*



REVIEW OF LITERATURE



Cucurbit plant was observed to be a ffected  by 

mosaic d isease in  CMo, Massachusetts and Connecticut 
during the f i r s t  decade o f th is  century, hut d elineation  

o f a d is t in c t  in fectio u s d isease was not recorded u n t il  
1916, The f i r s t  thorough comprehensive study o f  cucumber 

mosaic was carried cut by D o o little  ( 1920) .  &inae then a 

number o f  d ifferen t v iru s d iseases of Cueurbitaceous crops 

have been reported from various part3 o f  the world*

Bewley ( 1923) reported the incidence o f  oueianber 

mosaic in  B rita in , Be demonstrated two typos* oik , chara­

c ter ised  by yellow patches and the other marked by m ottling  

and b lis te r in g  o f leaves and stunting o f the p lants.

Walker ( 1933) was the f i r s t  to  record the sponta­
neous occurrence of a mosaic d isease on water melon in  

Florida, The a ffected  p lants were stunted and the leaves  

were mottled accompanied with severe malformations o f  f lo r a l  

parts and m ottling and d isto r tio n  o f f r u i t s .  The a ffected  

plants produced a »Estonia* Uko appearance,

Ainsworth (193^5 1935) nsmed the cucumber mosaic 

v iru ses  as common cucumber mosaic v iru s , cucumber yellow  

mosaic v iru s  and cucumbor yellow m ottle mosaic v iru s.



The occurrence o f CS-iV wa3 f i r s t  suspected in  

Ind ia  by Uppal (193^). Vasudeva and Lai ( 19^-3) re p o rte d  

th a t  b o t t le  gourd ( Lagenaria v u lg a r is ) was a ffe c te d  by a  

system ic mosaic d isea se . The symptoms were c lilo ro tic  

s trea k s  and dark green b l i s t e r s  appearing as  s a a l l  convex 

a reas  on th e  upper le a f  surface and navy w ith  i r r e g u la r  

ou tlines*  P lan ts  a ffec ted  in  th e  e a r ly  s ta g e s  remain s tu n ted , 

sp arse ly  flow er and s e t  few f ru i ts *  The v iru s  was id e n t i f ie d  

asCueamis Virus 3*

Vasudeva and PaVgJL (19ty?) f i r s t  reported a Water 

melon mosaic v iru s from contaminated melon seeds. la te r ,  

Capoor end Varma (19*H3) studied b o ttle  gourd mosaic v iru s  

and id e n tif ie d  as Cucun&s Virus 2 C,

Vasudeva e t  al* ( 1911-9 ) reported the v irus disease  

o f b o ttle  gourd which caused general stunting end reduction  

in  flower and fr u it  production. Young leaves exhibited  

dark green b lis te r s  on a crinkled pale green surface and 

id e n tif ie d  as Gucumio Virus 2 C.

Bhargava (19S>1) iso la ted  four s tra in s  o f  cucumber 

mosaic v ir u s , a spinach stra in  which caused severe ch lorosis  

and iso la te d  from lo c a l le s io n  in  tobacco lo a f5 a primula 

stra in  obtained from Primula obconica and two stra in s derived 

from a n aturally  in fected  turnip, one o f which was a deriva­
tiv e  o f  Price*0 yellow strain*



Bbargava and Josh! ( i 960) detected  Viator melon 

mosaic v iru s from yoge tab le  marrow in  XT,P., t«tt3a mosaic 

symptaas which d iffered  from other previously described  

V iruses,

Josbi ( 1962) id e n tif ie d  a stra in  of Hater melon 

mosaic v iru s in fectin g  vegetable ©arrow and a number o f  

other Cucurbitaceous crops,

Reddy and Harlani ( 1963) reported tho occurrence 

of Q4V on vegetable marrow f Cucurbit a nano) and id e n t if ie d  

' that there are 3 types o f v iru ses , a mosaic type, filifo isn  

type and witches * broom type. Vegetable marrow in fected  

with mosaic type v iru s showed ty p ica l mosaic pattern o f  

lig h t  and deep green areas on le a f  and s lig h t  reduction in  

le a f  s i s e .  In filifo rm  type, the symptoms were d isto rtio n  

of lamina, filifo rm y  o f  the leaves, ve in ,c lear in g  in  younger 

leaves, end development o f  dark green b lis t e r s  on older 

lea v es . Flowering was delayed,, s is e  o f  flow ers was reduced 

and In severe cases there w ill  not be any normal se tt in g  o f  

f r u it s ,  Witches' broom type was seen in  the la ter  stages  

and characterised by a dense tu f t  of irreg u la r ly  bent, stun­

ted  branches producing severely  reduced and malformed leaves, 
The p e tio le s  and intem odea were very severely  reduced 

resu ltin g  in  a witches* brocm lik e  appearance, The mosaic



type was id e n tif ie d  ao Cueumis Virus i  and filifo ira  typo 

as Helen Mosaic Virus.

Eariharasubramaniazi and Badssi ( 196*0 re per ted  

the widespread occurrence o f  a mosaic v iru s disease cai 

pumpkin, causing sever© b lis te r in g , d isto rtio n  and reduction 

in  stse  o f leaves. He concluded that the causal v iru s re­

sembled the b o ttle  gourd mosaic v irus and filiform  type of 

vegetable marrow mosaic,

Mltra and Nariani ( 1965) reported a mosaic disease  

in  Tori ( lu ffa  acutananla) which i s  characterised by l ig h t
t

and dark green mosaic m ottling, downward curling o f  le a f  

margins and general stunting ;i» tho p lant growth*. The causal 

v iru s was id e n tif ie d  as Cucrails Virus 3 ,

Janardhan e t  al*. ( 1969) steadied a mosaic d isease  

o f b o tt le  gourd from Mysore state and reported that the  

causal v iru s though resembled Caeaais Virus 2 B in  sympto­

matology and certain  other ch a ra cter istics , i t  was assumed 

to be a  new v iru s or a new stra in  o f haKenarla vu lgaris  

virus*

Shahkar e t  a l .  ( 1969) id e n tif ie d  a mosaic disease  
o f snake gourd which i s  characterised by a mosaic pattern  

o f Irregular dark green and yellow ch laro tie  patches on the 

lamina,. The a ffected  p lants were stunted, produced fewer



flowers and stowed le a f  crink ling, The causal v iru s was 

id e n tif ie d  as Cucuals Virus 1 ,

Verma e t  a l ,  (1970) in vestigated  the v iru s d isease  

o f snake gourd, b o ttle  gourd and pumpkin in  U,P, The le a ­

ves of the in fected  snake gourd were variou sly  malformed, 

reduced in  s is e  end s lic e d  dark green mosaic m ottling symp­

toms. In  b o tt le  gourd, leaves stowed mosaic m ottling and 

b lis ter in g  symptoms, leaves were smaller and deformed and 

plants stunted, Haaplin showed mosaic m ottling, b lis te r in g  

and deformity in  leaves. The v iruses o f  snake gourd and 

b o ttle  gourd were id e n tif ie d  aa Cucumis Virus 2 B, and that 

o f pumpkin as Cucumig Virus 1,

Jaganathan and Ramakrfshnan ( 1971) iso la te d  v iru ses  

from musk melon and pumpkin and id e n tified  as stra in s o f 

Melon Mosaic v iru s,

Magara^an end Ramakrlsbnen (1971 b) reported the 

occurrence o f  water melon mosaic v iru s on snake gourd. Tbs 

plants wore stunted and leaves were a ffected  by prominent 
mosaic m ottling with considerable reduction in  le a f  s is e ,

3h advanced stages, the leaves were crowded together to give 

a bushy appearance, When young plants were in fec ted , con­
siderable malformation were seen in  loaves,; The outer edge 

of lamina became serrated. In severely  in fected  p lants, the



leaves showed b lis ter in g  and Inward cupping o f le a f  

margins, Tho symptoms appeared w ithin 7 to 9 days, The 

causal v ir u s  was id e n tif ie d  as water Melon Mosaic v iru s .

F i l ia l  ( 1971) was the f i r s t  to record a mosaic 

disease o f  snake gourd in  Kerala, symptoms were a d is t in c t  

mosaic of leaves with d a rk lin g  and reduction in  le a f  sise*  

Affected p lants were stunted and produced fewer flowers and 

fr u it  s , The causal'v irus was reported to be due to  a stra in  

o f CMV, probably by the spinach stra in  (Bhargava, 1951).

Gael and Varma (1973) iso la ted  a mosaic disease o f 

ridge gourd ( lu ffa  acatangula) from Haryana, The causal 
V im s was id en tified , as a new stra in  of ©IV designated as 

lu ffa  stra in ,

Babev e t  _al, ( 197^) id e n tif ie d  the snake, gourd 

mosaic v iru s In New D elhi, tho symptoms included mosaic
" v

m ottling accompanied by ch lorosis , v e in  banding and b l i s ­

tering  o f le a f  lamina* Diseased, plants produced very few 

branches and p lants a ffected  in  tfce early  stages blossom 

sparingly and se t few fru its*  The causal v iru s was id en ti­
f ie d  as Gucumis Virus 1 •

Blfff OFATHOh OGY

Glgante (193*0 reported the occurrence o f a mosaic 

disease on vegetable marrow in  Rome.*, The ch lorotic areas



s

of tbs in fected  leave a were th im er and almost a l l  the 
palisade c e l lo  were isodim etric with feu or no eh lorop last.

The n esorh yll c e l l s  were c lo se ly  packed w ith much reduced 

in tra ce llu la r  spaces*

In the h is to lo g ic a l stud ies o f in fected  leaves of 

cucumber with CMV, Cook ( 1930) found th a t the mosaic 

afibeted  parts of leaves were thinner than normal parts o f  

leaves* The palisade c e l l s  in  the mosaic areas were invari­

ably shorter than normal and occasionally  they remained un­

developed and cuboidal, The ehloroplast 3 were more numerous 

and larger in  the normal areas than in  the mosaic areas*
There was l i t t l e  d ifference in  the s is e  of palisade c e l l s  in  

the a ffected  and healthy portion o f fr u it  s* but fewer chloro- 

p la sts  were noted in  the ch loro tie  c e l l s ,

Porter (19*&0 conducted h is to lo g ic a l and cy to io g ica l  

studios and the changes induced by CMV, He studied the leaves  

o f  natu ra lly  and a r t i f ic ia l ly  In fected  cucumber and showed tbs  

i n i t i a l  changes originated in  the mesophyli o f  the a ffected  

leaves in  mottled portions but necrosis in  other species even­

tu a lly  involved other t is s u e s . The yellow  areas appear hyper­

p la s t ic  in  young leaves and hypoplastic in  mature ones. The 

palisade in  both are reduced in  s ise  and aggregated to  form 

granular masses* The dark green ra ised  areas o f mottled 

leaves resu lted  frcra hyperplasia in'm esophyli c e lls*



Josh! sad Bobey ( 1975) studied the hiatopathology  

o f  v iru s in fected  c h i l l i  leaves caused by CMV* A clear  

change in  th e length and breadth o f palisade c e l l s  was noted,
i

A c lear  d istin c tio n  between palisade end spongy parenchyma 

was noted,

TBMMSSIOHi

sb) Mechanical transmissions

D oo little  (1920) had shown th a t the transm ission o f  

CMV in  the f ie ld  was e ffec ted  by mechanical means during the 

train ing and thinning o f p lants and plucking o f f r u it s ,  t He 
a lso  demonstrated the sap transtainsion o f the v iru s.

b) Insect transmission*

The aphid tra n sn is s io n  o f cucumber mosaic v iru s  was 

f i r s t  dem onstrated by D o o lit t le  ( 1920) by  Anhls crosavpii Glov. 

in  the  f i e l d  conditions*

I t  was reported that cucumber aphids ( AuMs 

^ o ss v t ii) a fte r  feeding m  a mosaic a ffected  plant can 

transmit the d isease w ithin 5 minutes to a healthy plant 

(Anon*, 1926),

-Bbggan (1930) proved on the b a s is  o f green house 

t r ia l s  that Hygns pseudo so lan i, Maaua circumf leans and 

Hacrosibbum g o ln n lfo li i  were able to  trangnit CMV from 
tobacco and tasato .



Iloggan (1933$ showed that s in g le  Individuals 

o f green peach aphid (Mvaus nsrsfcgq) were able to trans­

s i t  <MV to  tobacco* hut the per cent in fec t io n  increased  

with the number o f  aphids* The en tire  process o f  picX&ag 

up th e v iru s  and transm itting i t  to  healthy p lants required  

only 30 m inutes. Ho incubation period was noticed  and the 

v iru llfero u s aphids found to  loose th eir  in fe c t iv ity  a fte r  

feeding for 2 hours on healthy plants or a fte r  starvation  

for 18 to  27 hours*

Doncaster and Kassanls (19^-6) found t in t  the Shallot 

aphid5 Mvsus ascalonicus (onion aphid) was able to  t r a n s i t  

Cucumis Virus 1 *

ssverin  (19^7) found tXiat CUV was transmitted by 

Anhis gQssyniit the bean (docb) apMdj Aphjp ra a lc is  aid  
Mvaua perslcae,

ainons (1995) studied,the hostvvector~vIrus~reln* 

tionshLps o f  southern cucumber mosaic v ir u s . I t  was trans­

m itted by Aiqhiff goaasrrili* Mysu$ peraicas and AtM? fabae 

in  t ie  order o f e ff ic ie n c y . The acq u isition  threshold of the 

f i r s t  two vectors ranged from ? -  10 seconds*

Joshi ( 1962) reported a stra in  o f Hater melon 

mosaic v iru s in fec tin g  vegetable marrow which was trans­

m itted by end Stasus ^ rsjq a fi.



C oudriet ( 1962) rep o rted  th a t  r u s ty  p lu s  aphid* 

Hysteroneura se ta r la e  i s  a  v e c to r  o f CX1V,

Reddy and liariani ( 1963) found that the mosaic 

disease o f vegetable marrow caused by CUV was transm itted  

by Aphis cracclvora which 1 s the f i r s t  report o f  that in ­

se c t  to  bo a vector o f  CM?, In addition, Aphis kossvpH . 

Aohls evonyml and Hvsuo porsicae were id e n t if ie d  as v ectors, 

Tho per cent - ’ transmission increased when inoculation  feed­

ing was given on cotyledons o f healthy seed lin gs,

H ariharasubrananian and Badami ( 196**) rep o rted  a 

v iru s  d isease  of pumpkin which was found to  be tran sm itte d  

to  Cueurbitaceae only by Aphi3 lab u rn i,

M itra  and S arian l ( 196^) id e n t i f ie d  a  mosaic in  

t o r i  which was n o t tra n sm itte d  by any o f  th e  in s e c ts  te s te d .

Forgfcant e t  a l .  ( 1966) i s o la te d  a  CM? s t r a in  from 

o i l  pumpkin ( C ucurbita pqpo) tran sm itted  by Aphis floesvnil. 

Adhl^ fab ae . Pvsaulacurth lua pseudosolani and l^npOfrTphaim 

s o la n i f o l i i .

Singh ( 1970) s tu d ied  the  mosaic o f Benincaaa and 

i t s  transm ission  by  Mvaua p e rs ic a e . I t  i s  a  s ty le t-b o m e  

v iru s  and pre lim inary  fa s t in g  upto  k- hours follow ed by 

1 - 2  m inutes a c q u is itio n  feeding in c re a sed  v ec to r e f f i ­
ciency whereas prolonged s ta rv a tio n  reduced i t *  In  s e r i a l  

t r a n s f e r s ? aphids soon ceased to  be in fe c tiv e .



Vbrma e t  ( 1970) studied a snake gourd mosaic 

d isease , a  v iru s disease on b o ttle  gourd and a mosaic v iru s  

on pumpkin* She d iseases were transmitted by Mvzus nersicae 

and A M s gosareAI.

Jaganathan and Raaakrishnan ( 19 71) iso la te d  a
mosaic d isease on muskmelon and another from pumpkin, In

aphid transmission tests*  1-1 vano osrsicae alone transm itted
■ • * 

the  inuskmeloa i s o la te  w hile Mvnua nersicae  and Abhis gosavail

transmitted the pumpkin iso la te  * Ihey found that a minimum

number o f  5 aphids are required to  tran sa it the v iru ses , She

vectoiwvirus re la tion sh ip s were studied in  d e ta il ,

Kaiser end Danesh (1971) studied the b io logy  of 

CMV on chickpea ( Clcer arietisiam) and reported the trans­
m ission o f  CMV by At>Ma craccivora to  be stylet-borne* The. 

vector acquired the v±ru3 with b r ie f  probes in  Hess than 
two m inutes,

Ifegara^an and Ramakrisfcnan (1971 a) studied th© 

vector-v iras reiationahips o f b itte r  gourd mosaic v iru s  

using l4ygup--nergieBQ,» Abhis gossvr ii and Abhia malvae.

Hagara^an and Ramakrlahnan (1971 b ) reported a 

Wator mo Ion mosaic v iru s on snake gourd and found to  he 

transmitted by Mysus norsicae and AtM s nossyutit out o f 

8 species o f  aphids tested* including Atfcls craccivora.



D etailed studios o f th e vector-Td.ru s re la tio n  ship 3 were 

Bade using Mvsas nersjcae.

F iH o i (1971) attempted to transmit tbs mosaic 

disease of siake gourd (CM?) by Anhis eraceivoga and Mvzus 

rcerslcae but was not su ccessfu l,

Goel and V&rma (1973) iso la te d  a new strain  of 

CM? (In ffa  stra in ) and the v iru s was found to  bo trans­

mitted by Mvsus nersicao T Abhia- goasvoii and Brevicorrae 

brassicae^

Dubey e& ^L, (1971**) id en tified  a snabe gourd mosaic 
■virus and designated a3 Cucunals Virus 1 which was found to 
be transmitted by Abhis to ssyp li. Hvaus norsicae and not" by 
Anhis cracclvora and 3 other aphid species,

e )  33ed Transmissions

Bewioy (1923) reported t o t  an acuta type of CM? i s  
transmitted through seeds o f cucurbits, Bewlsy (192S?) reported 
that out of 2000 seeds of cucumber taken from infected plants,
9 were found to  be infected  at the pot stage and further 
studies indicated strong circumstantial evidence of seed 
transmission,

Doo2itt3e and Walker (192?) showed that OfV i s  not 
transmitted through seeds of cucumber  ̂ But seeds of certain



wild plants were reported to  be an Important agency In  

tbs oyer-wintering o f  the disease* Tbs w ild  cucumber 

(HacrcpTjQlla lobata ) transmit the v iru s through seeds#

Bewlsy and Corbett (1930) observed that CMV i s  
seed tr  an s u it  ted in  cucumber and showed that 17 out o f  

100 cucumber plants carried the in fection ,

chamberlain ( 1939) reported CMV i s  seed trans­
m itted in  vegetable morrow*

Hainio ( 19^3 ) studied the causal v im s  of crinkle  

disease o f cucumber which was found to  be seed transmitted,

Vasu&eva and Favgi (19^*5) reported the seed trans­
m ission o f  Melon mosaic v iru s which i s  reported to  be a 

stra in  o f  CMV,

Radar e t  al* (19**7) reported a seed-borne mosaic 

viru s on muakmelon which d iffered  from CMV by i t s  r e s tr ic ­

ted  host range and much higher per cent seed transm ission,

Joshi (I962) iso la ted  a strain of Water melon 
mosaic virus in fecting vegetable marrow which i s  reported 
to be seed transmitted in that host,

Reddy and Harianl ( 1963) iso la te d  a mosaic type 

o f v iru s from vegetable marrow and d ifferen tia ted  3 types 

of viruses'.They reported th at out of 130a seeds germinated, 
only one seedling showed mosaic symptoms,'



Mukhopadhyay and Saba ( 1968) reported that cucumber 
mosaic virus is  transmitted through seeds of Cucurbita marina.

Tqnllnson and. Carter (1970) showed that CS4V 13 seod 

transmitted in  chick weed ( S te lla r ia  media) , the per cent in ­

fection  varied  from 3 -  20 in  naturally  in fec ted  p3ants and 

20 -  *K) in  p lants raised  from seeds obtained from a r t i f ic ia l ly  

in fected  p lants, ©IV was also seed transmitted in  I.Lamjura 

-nurpurcua <*f$), Oerastiua holosteoides ( 2#) and srercula  

arvonsis ( 2$) but not through seed3 o f other weeds,

Hagara^an and Eamakrishnen (1971b) reported a Hater 
melon mosaic virus on snake gourd and was shown to  be trans­
mitted through seeds to  a l i t t l e  ortent.

Goel and V&nnn (1973) iso lated  a new strain of CMV 
from lu ffa  which was tested  for seed transmission but none 
was found to be seed' transmitted*

Sharma and Chohan (1973) reported the transmission 
of CucuaAa Virus 1 and 3 through seeds of cucurbits. These 
viruses have been found seetUborae in vegetable marrow, ash 
gourd and pumpkin (Cucurbita moscbata) and id en tified  as 
gucumis Virus 1 . CucigjiB Virus 3 was found to be seed-bomo 
in  bottle gourd and ridge gourd.



Dubey idi (197**) te sted  the seed transaissian
o f snake gourd co sa le  v iru s. Out of *t-32 seedlings raised,

from seeds from in fected  snake gourd p lants, none was found 

In fected ,

Kean e t  a l .  (197*0 reported tbs occurrence of

squash mosaic v iru s In musk melon seeds, The v iru s was

detected in  seeds o f  3 out of 29 naisk melon, The per cent 

seed transmission wa3 6 ,3 .

PHYSICAL HtOg&ffilES

D o o little  (1920) showed that CMV was never I n fe c t i­

ous a fte r  3 ^ 5  days and lo s t  I t s  virulence within 2*f to  **8 

hours,

Johnson (1926) showed that the in fe c t iv ity  of CMV 

was lo s t  in  2 days in  liq u id  tobacco ex tract and in  2 -  3 

weeks in  slowly drying leave s*

W alk e r ( 1926) compared the properties o f cucumber 

mosaic, tomato mosaic and physoils mosaic*. The expressed  

ju ice of CMV i s  incapable o f withstanding aging, drying and 

heating,

Mcktmey (1927) reported th a t th e thermal death 
point depends on the concentration o f the v iru s in  the sap 
and on the nature o f  p lant extract^



Fajardo (1930) compared the properties o f CMV 
and he an mosaic v iru s and showed that the thermal death 

point, d ilu tio n  end point and resistance to  aging o f CMV 

are, ?5°C, 1 j 10000 and 2*f -  28 hours resp ectiv e ly . I t  

remains in fe c t iv e  in  dried leaves for le s s  than 10 days.

Chamberlain ( 1939) described the physical pro­

p ertie s  o f CMV, v i s . ,  thermal in activation  point -  (62-66°c), 

d ila tio n  end point -  ( 1 : 1000) and su rvival i& v itro  (if days).

Vasudeva and Ia l (19U-3) observed th at 2 . 1 .P .,

D.E.P. and resistance to  aging o'f; cucumber mosaic v iru s 3 

on b o ttle  gourd as 6o°C, 1s50G, and 6 hours a t  room tempe­
rature resp ectively .

Vasudeva e t  a l . (19^9) showed the T .I .P .,  D.E.P. 

and longevity  in  v itro  o f Cucumis Virus 2 C frcm b o tt le  

gourd as 86 to  88°C, 1t 1000 in  standard sap and 1s 10000 in  

pure sap, more than 90 days resp ectively ,

Bhargava ( 1951) studied the physical properties 

o f v iru ses occuring on cucurbits. This S .I .P . was ?5 -  

6o°c fo r  yellow stra in  and 6? -  7o°C for others*

Reddy and Harlanl ( 1963) iso la te d  three types o f  

viru ses from vegetable marrow. The mosaic typo had a T .I .P .

o f 52 -  55°C, D.E.P. o f 1s 200 to 1s 300 and longevity  in  v itro  
o f 12 -  16 hours at room temperature (32 -  35°C) and 8 days 

a t 7  .  9 °c . Tbs filifo rm  type had a T .I .P . o f 55 -  6o°C,



D*E*P, o f 1*500 -  1:1000 and longevity 4a v itro  o f  2b 
hours a t 32 to  35°C and 9 days a t  7 -  9°G*

Verna o t  &1, (1970) Iso la ted  v iru ses from snake 

gourd, b o ttle  gourd and pumpkin, The snake gourd mosaic 

and b o tt le  gourd mosaic had a T. I . p* o f 97*5°G, D.E.P. q f
-  6 n

10;  ̂ to  10 1 and longevity  431 v itro  for 9 to  10 days a t  

30°C. The v iru s Iso la ted  from pumpkin had a T .2,P , o f 60 -  

70°C, D*E*P, o f  10“3 to and longevity  v itro  o f

7 9 days*

yaganathon and RamakriSbnan ( 19 71) iso la te d  a v irus  

from musk melon and another free pumpkin* The music melon 

iso la te  had a I*I.P§ o f  60 -  63°C, D.E.P, o f 1*5000 to  

1s7500 and longevity in  v itr o  o f Q -  10 day3 a t  5°G* The 

pumpkin is o la te  had a T*I*P* of 50 * J?3°C, D.E.P* cf 1*2500 

to  1 s 5000 and longevity i s  v itr o  o f  b to  6 days a t 32°C and 

8 - 1 0  days a t  5°C* Both the I so la te s  c*ere id e n tif ie d  as 

stra in s o f Helen mosaic Virus*

Hagarajan and Ramakrisfcngn (1971 b) iso lated  a Water 
melon mosaic vizus form snake gourd* It had a T.l*p* of 
52 -  5̂ °C, D,B,F# of 1s200 -  1*500 and longevity pn v itro  
at 32°C was if -  6 days and at 5°C i/as if to 8 days*



F il ia l  (1971) Id en tified  a mosaic d isease o f  

snalse gourd, which hod a D.E.P. of 1*10000, T .I*P, 6o°G 

and longevity  Hi v itr o  was up to  72 hours a t room tempe­

rature*

Shankar e t  aj., (1972) Id en tified  a pncspkLn mosaic 

viru s which was in activated  a t  50°C, a t a d ilu tio n  of 

1:500 and in  8 hours a t room temperature and 26 hours a t  

B°C*

Dubey o t al> (197**) iso la ted  Cucunls Virus 1 from 

mosaic in ib cted  snalse gourd* I t s  D.E*p* was between 

1:1000 -  1*J>QOO* T.I.P* between 65 to  70°G and longevity  

v itro  in  1-1/30 phosphate buffer (pH 716) was 16 -  18 hours 

a t 3̂ *6°  -  39°c and Q days a t  8°C*

Shankar and Iferiani (1971*) reported a Water melon 

vein-banding mosaic which was id en tified  as Cnmmfp virus 2.  

I t  had a T*I,P . o f 99 -  93°C9 D,E*P, o f 1:1000000 -  1s5000000 

and a lon gevity  in  v itr o  o f more than one year a t room tempe­
rature*

EQgg RMGE

D o o little  (19 2 1) mentioned the role o f host p lants  

such as ASPlenias svriacaf j&^jbsnja Louisiana as over win­
tering hosts o f  CMV* After th a t, large number of plant



sp ecies In d ifferen t fam ilies -were recorded as hoot3 or 

carriers o f CMV, D o o litt le  and Walker (1923) showed in  

cross»lnoculatica stud ies w ith (25 V that a large number o f  

plants are su seep table to  In fection  by the v irus and son© 

serve as host o f the virus*, I t  was a lso  found that CMV i s  

transm issible to  tobacco through pepper as an interm ediate 

host,

Johnson ( 1926) reported that CMV i s  transferable  

to tobacco j M cotiana alutinosa and a number o f  o tte r  plants*

Samuel (1931) showed that (21V produces loca l 
le s io n s  on tobacco, Hoggan (1933 b ) reported th e formation 

of lo ca l le s io n s  on sugar b eets due to  CMV,

Ainsworth ( 193k) found 3?©How cucumber mosaic 
in fecting vegetable marrow* gherkin* tomato and Datura 
stramonium»

Brice ( 1935) reported the occurrence of CMV in  
zjnrtia ©lagans* aaith ( 1936) reported the occurrence of 
_Qucumls Virus 1 on a number of wild and cultivated plants*

Vasudeva and . la l  (19*1-3) reported a mosaic disease  
o f  b o ttle  gourd which was transmitted to  b it te r  gourd, melcn, 

water melon, and vegetable marrow and Id en tified  as Cucumber 

B ess  3*



Vasudeva and Pavgi (19l*5) showed a melon mosaic 

viru s # Id en tified  as CMV* In fecting  cucumber and to  be 

transm itted to a number o f  solanacocus p lan ts,

Vasudeva o£ a^, ( 19^9 > reported a v iru s d isease  

In  b o ttle  gourd caused by Cucumls Virus 2 e which g i f .  
fored from the early  mentioned stra in  o f  cucumber green 

m ottle mosaic virus by i t s  a b il i ty  to  produce symptoms on 

water melon and Datura stramonium,. The v iru s was c err le d  

symptamlessly on b it te r  gourd and Iuffa acutanrmla.

ir e ita g  ( 19?2 ) iso la ted  seven v iru s d iseases o f  

cucurbits* v ia , CMV, squash mosaic* musk melon mosaic, w ild  

cucumber mosaic, cantaloup mosaic, water molon mosaic end 

musk melon v e in  n ecrosis. The host rang© o f  a l l  the viruses  

except CMV i s  very much re str ic te d ,

Vasudeva and Marian! (19J?2) studied the host range 

o f  b o ttle  gourd mosaic v iru s and found that i t  caused loca­
liz e d  in fection  on inoculated leaves o f tobacco, apIatĥ  

nlftrum and solanum nodiflorum.

Anderson (195**0 Iso la ted  Water melon mosaic v iru s  
stra in s from Florida (tbs type and tbs yellow stra in s)  

inducing systemic symptoms in  12 Cucurbitaceous species  

including cannon b a ll ,  Water melon, squash, vegetable marrow,



cantaloup, c itron , Helothrl& pcndula, b o ttle  gourd Xmffa 

cy lin d rica  and lixii'a aegynfciaca.

Van Velson <1960) id en tif ied  a stra in  o f melon 

mosaic v iru s on Cucurbita raoschata which bad a lim ited  

host range causing systemic in fectlcn  in  Cucurbltaeoous 

plants and lo c a l  les io n s on Cbenonodium araaranticolor.

Prasad and Raycbsudhari ( 1961) id e n tif ie d  a mosaic 

disease ■ o f Zinnia o le  sans caused by CuclbdI q Viru s 1 -with 

an extensive host range*

Joshi ( 1962) detected a stra in  o f Hater melon 

mosaic v iru s in fec tin g  vegetable marrow, Cvclanthera 

T)Sdatar squash and cucumber*

Reddy end Uariani ( 1963) iso la te d  3 types o f  v iru ses  

from vegetable marrow, Tbs mosaic tyncfCucunls Virus 1 ) bad 

an extensive host range, I t  caused systemic in fec tio n  in
i

snato gourd. The f i l l fo n a  type (Cucomls Virus 3 ) a lso  

Caused mosaic on sna&s gourd but the boat range was r e s tr ic ­
ted to  Cucurbitaceao,

Eariharasubramaniea and Badsai <196^) recorded a 

mosaic on pumpkin which was transm issible only to  members 
of Cucurbitaceao end id e n tif ie d  as a new v iru s though re­
sembled b o tt le  gourd mosaic virus*



A31am ( 196^) iso la ted  a mosaic from vegetable  

marrow, the host range being restr ic ted  to  CucurbltaceaG 

and the v iru s was id e n tif ie d  as squash mosaic v iru s .

U ltra  and Harisni (1965) 1 collated a mosaic from 

to r i fCucumis Virus 3 )* The host range was re s tr ic te d  to  

CucurhJLtacoae and i t  in vo lves Xa^enaria siceraria .
Cucurbita raoschata. Cucurbita neooT Momordlca charafttiaT 

Trlchosanthos anrtuina and Citrul3us v u lg a r is .

Anjaneyulu and Apparao ( 1967) re p o rted  the natu­

r a l  occurrence o f  CS-1V on c h il l i  in  3iid±a*

Incuque a l ,  <1967) studied a mosaic d isease in  

Japan on cucumber end id e n tif ie d  as a cucumber greorwnottlo 

mosaic v iru s  end found th at many cucurbit hosts are sy ste -  

raically affected; while tobacco was in fected  lo c a lly  w ith, 

out le s io n s  and lo c a l lo sion s were fonned on Datura stra ­
monium and Petunia hvbrlda.

Shaiihar e t  ^ 3̂ (1969) reported a mosaic disease  

in  snake gourd (Q4V) having an extensive host range which 

included Hicotiana g!utinosaf chenopodflnm eraarantlcolor 

and Cucurbita oeoo.

Verma e £ s£ *  ( 1970) recorded a severe mosaic 
disease on snake gourd and the host range was re str ic te d



to  members o f Cucurbitaceae , But I t  produced lo c a l  

le s io n s  on Chenopodium amaranticolor.

Jaganathan and Hamakrishnan (1970  showed that 

the host range o f v iru ses iso la ted  from must: bo Ion and 

pumpkin are confined to  Cucurbitaeeae# jteong d ifferen t  

species o f  cucurbits tooted , snake gourds and b it te r  gourds 

were a lso  found to  be the h osts , The v iru ses were id e n t i­

f ie d  as stra in s  of Melon Mosaic virus#

Kagaralan and Hamakrishnan ( 19711Jreported the 

occurrence of Water melon mosaic v iru s on snake gourd, the 

host range being restr ic ted  to  Cucurbitaeeae*

KLHai (1971) id en tified  a mosaic disease of 
snake gourd in  Kerala# Out of 31 species o f plants in  7 

fam ilies tested  species in  6 fam ilies were found to  be 
hosts of the virus# The causal virus was id en tified  as a 
strain  of QMf,

Shankar e t  a | # ( 1972) reported the natural occur­

rence o f  pumpkin mosaic in  India, the host range being res­

tr ic te d  to  Cucurbitaeeae v is*  snake gourd, h it te r  gourd, 

b o ttle  gourd, Water melon, Iafffo acutangula. cucurbita repo 
and Cucuais gelo#



Bubey e t  a *̂ ( 1971*) id en tified  a mosaic disease 
of snake - gourd in  India caused by Cfocurafje Virus 1 * She 
host range includes numerous plants In d ifferent fam ilies.

Shanfcar and Nariani <197*0 Id en tified  a melon 
vein banding mosaic In India. Host range was lim ited to  
Gucurbitacoae .which included melon, cucumber, Cucutois molo. 
GucueiI s anpuria. b ottle gourd, snalte gourd, Cucurbita net>o 
and b itter  gourd.

Nagarajan and Ramokrishnan (1975) reported a strain  
o f melon mosaic virus on Cucurbita lundellisna. The virus 
was transmitted to snake gourd*

Chung et a l. (1975) recorded ity? plants belonging 
to *j>3 fam ilies which act as hosts o f CMV in  Korea, o f which 
2̂  are previously unreporfced*

estimation of losss

D oolittle ( 192V) studied the lo ss  due to  cucumber 
mosaic virus in.U.S.A. and estimated a lo ss of $ 75,000 

in  a single locality* There are several reports regarding 
the lo ss  of d ifferent Cucurbitaceous crops infected  by CMV 
from different parts of the world* Bat a systematic study 
to understand the extent and tbs meaner in  which lo ss  occur 
due to in fection  by VGMV has been conducted only in  a few 
cases*



Middleton and Whitaker (19^-2) reported a le th a l  

v iru s d isease o f  cantaloup occurring in  Imperial Valley  

which i s  caused hy a stra in  o f CMV and recorded a lo s s  o f  

about 7? per cent o f the crop,

Vasudeva and Lai (19*K3) observed that b o ttle  

gourd a ffected  by a mosaic when attacked in  early  seasons, 
remained stunted, spar s ly  flowered, and s e t  only few 

fr u its .

H ills  e t  al., (1961) studied the e f f e c t  o f  CMV 

on cantaloup and recorded that inocu lation  o f  melon p lants  

a t the 6th  le a f  stage caused Uo per cent reduction in  y ie ld ,

Fletcher e t  a l ,  ( 1969) found that cucumber p lants  

affected  by cucunbor green-mottle mosaic v iru s caused 15 

per cent lo s s  in  y ie ld  follow ing early  in fe c t io n , la ter  

in fec tio n  had l i t t l e  e f f e c t  on y ie ld ,

beaskL and Chalkley (1972) showed that then summer 

squash p lants a t  d ifferen t developmental stages 'wore ino­

culated w ith Water melon mosaic v iru s , y ie ld  lo ss  averaged 

**3 P®r cent, 33 per cen t, and 9 per cent from ea r ly , mid­
term and la te  inocu lations resp ectively ,

Kazda e t  a l .  (1975) showed th a t  y ie ld  o f green­

house cucumber p la n ts , in o cu la ted  w ith  CMV, at the



cotyle&onary stage, was reduced by 89 per cent in  sunnier 

and by 96 per cent in  winter and 80 per cent and 9^ per 

cent, resp ectiv e ly , when inoculated at the £ end 7 le a f  

stages.

Alvaros and Campbell ( 1976) analysed the  y ie ld  

fa c to rs  o f cantaloup in fe c te d  by squash mosaic v iru s  and 

recorded s ig n if ic a n t  reduction  in  the  number o f  f r u i t s  per 

p la n t but had no in flu en ce  on s i s e ,  w eight, o r ed ib le  

q u a li ty  ( t o t a l  so luble s o lid s )  of th e  f ru i ts *  However, 

re ta rd a tio n  in  f r u i t  m a tu rity  was observed.



MATERIALS AND METHODS



1 , SEED MATERIALS

Seeds o f snake gourd, obtained from the In stru ctio ­

n a l Farm, Vellayani, were used for the study. The seeds 

were sown in  pots containing the standard potting mixture 

(Sand, S o il, Cowdung in  the ra tio  o f 1:1:2)*

2 , CUITURE OF THE VIHUSi

The culture o f tho v iru s causing snake gourd mosaic 

was obtained from naturally  in fected  snake gourd p lants of 

the lo c a lity . The v iru s was maintained on young snake gourd 

plants by sap inocu lation . Two to  three seeds were sown in  

each pot (s iz e  20 cms s  20 cms) but only one vigorously grow­

in g  plant per pot was retained, and used for the stu d ies.

The p lants were inoculated in  a l l  cases, except otherwise 

stated , at 3 -  b  le a f  stage,

3, S131 IT CHAT OLCGYt

a) External Symptom ss

The symptcms produced by the p lants a r t i f ic ia l ly  

inoculated with t i e  v iru s, were studied. The changes obser­

ved on the vegetative parts and f lo r a l  parts were recorded.



b) HLotomtfrolOCT:

The transverse section s of th e in fected  and healthy  

leaves were taken using a sharp blade and exemIned a fte r  

s t  Dining w ith safranin under the microscope to study the 

changes and damages on the d ifferen t t is s u e s  caused by the 

in fection* The observations on the h is to lo g ic a l changes 

were recorded*

TRAM9IIS3I0H OF TIES VIRUS;

a)

Inoculation o f  snake gourd p lants were conducted 

using concentrated sap, standard sap and sap extracted with  

phosphate buffer* Inoculations were a lso  made with and with­

out carborundum powder as ‘an abrasive.

Young leaves o f In fected  p lants showing c lear  symp­

toms o f  mosaic were co llec ted  and ground in  a mortar and 

pestle to  a fin e  pulp, Then i t  was f i l t e r e d  through f in e  

muslin^ c lo th  and the f i l t e r a te  was used fo r  inoculation  

(concentrated sap).

The standard sap was prepared by adding 1 ml, o f  

s te r i l is e d  d is t i l le d  water to  every gram o f in fected  t is su e  
used for extraction of sap,

Phosphate buffer was prepared ( Sorensen’s buffer) 

and the pH was adjusted, to  7 , 0, The buffbr was used as an



extraction  medium o f tho sap, (1 ml of b u ffer /g . o f  In fected  

t is s u e ) .

The e ffec tiv en ess  o f inoculation  by using carbo­

rundum as an abrasive was tested , A pinch of f in e ly  powdered 

carborundum (£00 mesh) was added, to tbs sap and the plants 

were inoculated .

In ocu la tions were c a r r ie d  ou t by gen tly  rubbing the

upper surface o f the fu l ly  formed young leaves of the to s t  
*

plants' with a swab o f absorbent cotton moistened with th e  

sap* Inoculations were also made by rubbing the loaves  

with the forefinger dipped in  the sap. Care was taken not 

to  in jure the le a f  t is su e s  during in ocu lation . After inocu­

la tio n s , the excess sap on the leaves*was wasted o ff  using  

s te r i l is e d  d is t i l l e d  water. Ten plants each were inoculated  

for each experiment and they were kept under in sect-p roof  

cond itions. Observations were recorded on the number o f 

plants infected*

b) 33use.ctJgjBP^i5glon«

Insect transoissicQ  studies were carried  out, using

two species o f  aphids: (a ) Aphis Kossvnii G3ov., (b ) Aphis 
cracclvora Koch#

Healthy co lon ies o f Aphis cracclvora were maintained 

on cowpea and Aphis gossypil on bhindi under in se c t  proof con­
ditions*



HCalthy in se c ts  were co llec ted  and transferred  

to  p a tr ic ia te s . They wore starved for a period o f  2 hours 

(pre-acq uisition  fa stin g  period) and then wore a llcued  to  

feed  oa detached young leaves o f  in fected  snake gourd p lants, 
so as to  give than an acquisition  feeding period of 2h hours* 

After the acquisition  feeding period, the in se c ts  were starved 

fo r  an hour (p re-in fection  starvation)* The v iru liforou s  

aphids were then released  on young healthy t e s t  p lan ts, a t 

the 3 -  *}• le a f  stage, fo r  an in fectio n  feeding period o f 2*>
* t

hours using g lass chimneys. In every case 30 adult in se c ts  

wore used fo r  in ocu lation . After the in fec tio n  feeding  

period, they were k i l le d  hy spraying 0, 1$ Ekalux so lu tion .

The inoculated p lants were kept for Observation under In sect- 

proof conditions.

To study the vector -  v iru s re la tion sh ip s, the 

follow ing experiments were conducted using the aphid. Aphis 

craccivora. a s  the vector,

i )  A cquisition  feedinn n e rjo d i

In order to determine the minismm acq u isition  feed­
ing  period o f  th e vector , the aphids were allowed to  acquire 

v iru s for d ifferen t periods o f  times 5 , 10 , 1? and 30 minu­

t e s ,  1, 2j V, 8j 16 and 21* hours,' The pre-acqjaisitiai and 

p re-in fection  starvation periods were 2 hours and 1 hour



resp ectiv e ly , The aphids (twenty each) were allowed to  

feed on healthy te s t  p lants for 2V hours, After the in ­

fec tio n  feeding the plants were sprayed w ith tho in s e c t i­

cide and leapt under observation3br the development of 

symptoms,

i i )  Minimum number of aphids required for trananiasion  
of tne virus* ' '

Aphids in  groups o f  3 , 5, 10, 15, 20, 25 and 30' 
were released  on each t e s t  plant a fte r  allowing a pre­

acqu isition  starvation period of two hours, an acq u isition  

feeding period of 30 m inutes, p re-in fection  starvation  

period of 1 hour and an in fection  feeding time of 2b  hours 

to  determine the minimum number o f  aphids required for the 

tranaaission  of the v iru s. After in fectio n  feed ing, in se c ts  

were k ille d  hy spraying Q#1$ Elsalnz so lution  and the plants 

kept under observation.

H i )  a tfeeti9 fl-feoa in e  resiefls

The minimum in fectio n  feeding period of the in se c t  

to  transmit the virus was determined* U cn-viruliferous 

aphids were given 2 hours rre-acquisition  starvation, an 

acq u isition  feeding period o f 30 minutes and a p re-in fection  

starvation o f 1 hour,. D ifferent batches o f 20 aphids each 

were given d ifferen t in fection  feeding periods -  5 , 10,  15 

and 30 minutes j 1 , 2,  k, 8 , 1.6, 22 and 2*f hours, Observa- 

tlon s were recorded on the number of p lants in fec ted .



In order to estim ate the e f f e c t  o f pre-acquisition  

starvation on the e ff ic ie n c y  o f the vector to acquire the 

virus* the in se c ts  us re starved for d ifferen t periods o f  

time and allowed an aeq u isition  feeding period o f 30 minutes* 

After the acquisition  feeding* the in se c ts  were again starved  

fo r  1 hour and released on t e s t  plants and allowed to  feed  for  

2^ hours* After the in fection  feeding period* the in se c ts  

were IdLHed by sparying Skalux 0*1$ so lu tion  and the plants  

were kept under observation* The pre-acquisition  starvation  

period tr ied  wore 30 minutes* 1 * 2 , 3S k  and £ hours.

v )  E ffe c t  o f n rc-in fection  starvation on the e ff ic ie n c y  o f  
t f c ' vector to transmit the vlru s'*

Aphids, starved for  2 hours, were allowed an acqui­

s it io n  feeding period of 30 minutes and starved for d ifferen t  

periods o f time* They were afterwards transferred to  healthy  

t e s t  plants and allowed to  feed  for 21* hours. Plants inocula- 

ted  with v iru llferou s aphids without p re-in fection  starvation  

tjere maintained as con trol. In every case 20 in se c ts  were 

used* The p re-in fection  starvation time were 30 minutes*



1 j 2> 3 ,  h  and 5  hour 3 .  O b ser v a tio n s  w ere r e c o r d e d  on 

t h e  number o f  p la n t s  i n f e c t e d ,

v i }  'P e r s is te n c e  o f  t h e  v l r n s  i n  t b s  i n s e c t  v ec to r*

E xp erim en ts w ere co n d u cted  t o  d e term in e  hou lo n g  

th e  I n s e c t  co u ld  r e t a in  t h e  v ir u s  w ith o u t fu r th e r  a c c e s s  

t o  a  f r e s h  v i r u s  s o u r c e , The i n s e c t s ,  s ta r v e d  f o r  2  h o u r s ,  

w ere a l l w e d  t o  f e e d  on  I n f e c t e d  l e a f  t o  a c q u ir e  th e  v i r u s  

f o r  30 m in u te s . A f te r  g iv in g  a  p r e « in f e c t lo n  s ta r v a t io n  o f  

1 h o u r , th e  v t r u l i f e r o u s  a p h id s wore f e d  on t e s t  p la n t s  b y  

t r a n s f e r r in g  them i n  s u c c e s s io n  t o  a  s e r i e s  o f  t e s t  p la n t s ,  

a l l w i n g  an i n f e c t i o n  f e e d in g  tim e  o f  1 hour on e a ch  t o s t

p la n t ,  The in o c u ia te d  p la n t s  t’jere sp rayed  w ith  0 ,1 ^  E k a la x

s o lu t io n ,  ( ^ s e r r a t io n s  w ere reco rd ed  an  th e  number o f  p la n t s  

i n f e c t e d ,

c )  ^ed__tran3B^aslona

Seed s c o l l e c t e d  f r c o  m e c h a n ic a lly  in o c u la t e d  p la n t s  

show ing c l e a r  sjm ptcm s o f  th e  d is e a s e  x*ero gown i n  s t e r i l i ­

s e d  s o i l  i n  p o t s  and Kept u n der i n s e c t - p r o o f  c o n d i t io n s ,

The. s e e d l in g s  were k e p t  u n der o b s e r v a t io n s  f o r  a  p e r io d  o f  

30 days t o  s e e  to o th e r  t h e y  d e v e lo p  th e  symptoms*

d) Scdltransgd s s im :

SUahe gourd p la n t s  w ere r a i s e d  i n  p o ts  and in o c u la ­

t e d  m e c h a n ic a lly ,. Hhen th e  p la n t s  w ere 30 d ays o ld ,  th e



In fected  p lants were pulled out from the pots and the roots  

were cut Into 33a l l  'b its, and incorporated in to  the s o i l  in  

the same pots* Seeds o f snake gourd were sewn in  those pots 

(5  seeds per pot) at in te r v a ls  of J? days each* The p lants 

were maintained under in sect-p roof conditions and kept under 

observations*

PHYSICAL mO&R23ES OF TEE TOP Si

a) Thermal in activation  nolnti

The sap was extracted tom  in fec ted  leaves o f  snake 

gourd plants using a mortar and pestle* r iv e  ml* each o f  

the extracted (concentrated) sap was p ipetted in to  th in  

w alled g la ss t e s t  tube. Care was taken not to  pour the sap 

on the sid es o f the tubes* The tube was then kept in  ther­

m osta tica lly  controlled  water bath fo r  10 minutes at the 

required temperature in  such a way that the le v e l  o f  the 

water in  th e water bath m s  ju st above the le v e l  o f sap in  

the tube. After the heat treatment the tube was suddenly 

cooled by dipping in  cold  water* The sap was treated  a t  

d ifferen t temperatures ranging frcsn l*o°c to  90°C at ranges of 

J?°C« The treated  sap was inoculated on young vigorously
i

growing t e s t  plants o f  the seme age. The inocu lation  o f  

plants was f i r s t  done with sap treated  a t the highest tempe­

rature and then the other plants were inoculated  w ith  sap 

treated  a t low temperatures* Ten p lants were inoculated in



each se t  of treatment. Observations were recorded on the 

number o f p lants in fected .

b) D ilution end point*

The sap was prepared as in  tb s  previous case, and 

was d ilu ted  with s te r i l is e d  d is t i l le d  water in  the r a t io  o f  

1t100, 1*500, 1s1000f 1s5G00, 1f 10000, 1}50000 end 1*100000.

The d ilu ted  sap was inoculated separately on t e s t  

plants (10 for  each treatment) starting  from tba h ighest 

d ilu tio n . The inoculated p lants were kept under in sect-proof 

conditions and observed fo r  the development of symptoms,

e )  longevity 3BJ&fem

The inoculum was prepared as In the previous t e s t s  

and kept in  tubes a t roan temperature (32°C -  35°G) and a lso  

a t 10°C ( stored in  a re fr igera tor). Che tube containing the  

sap from each treatment was tak<m a fte r  every 2k hours and 

inoculated on the t e s t  p lan ts. The inoculated  plants wore 

kept under in  sect* proof conditions and observed for the deve- 
lopemonfc o f  symptoms,

6 , HOST RANGEa

Thirtythre© d ifferen t plant sp ecies belonging to  

10 fam ilies were tested  to study the host range of th e v iru s  

by mechanical inocu lation  using concent rated sap extracted



froa the leaves o f  the in fected  p ian ts.

i&aarantftaceae

.Qg p i t e aa nlobogg I .
Baisamina.ee ae

lonatiens balsamim L«

Caricaeeaeg

Corisa m i a  U  
Cbonopgdiaceao

CtenoT>ocl4.t3m anorantieolor Cost© and Rejn 
Caanogltaa

l&lianfehua anmms L.

Zinnia elagans Jacq.
CucurbitacQse

Beninc.aca MaiMa. cogn.

C itru llus vu lgaris Scjbrad.

ggg&aa L.

Xaicurbita papo var eendensa
Cucunis sa tivas L*

lagenarfa sfeeraria  (M ol,) standi.

Xuffa acutannula Roxb.
Monordica c liar anti a L, 

launhorMeceae'

Hanihot esculenta Grants,



Icguainosae
Crotalaria iuncea L.

Cvaaoosis tetraaonoloba ( L ,) Tsub* 

Glvclno max ( L*) Herr.

Phaseolaa lnnatus L»

Blase olus rrmngo I*

Ebaseolag vulgaris. L*

Btsum sativum L,
ViHia sinensis Tomer*

Malvaceaes

Abelmoscbus eaculentus ( L .) Moench.

Solam ceae*

Cansicum annuum I*.
Datura stroBeniuin L.

Lveonerslccm e sen Ion turn Mill*

L,
Ulcotiana lcn ggd oriii L.

M oot! ana tabacum L>, 

fgfcunia hvbrida V±3m,

Solanum melongena L* 
solanum nLarmi L,



7 # EgglMJffllOH OF LOSS

Experiments were conducted to estim ate the e f fe c t  

of in fectio n  at d ifferen t stages o f growth of the plants? 

on the vegetative growth and lo s s  in  the yields,

She experiment was la id  out in  Completely Random­

ised  Design, Snake gourd plants were goown In div idually  

in  p o ts . She follow ing treatments were fixed  to estim ate 

the e f fe c ts  of in fection  a t d ifferen t growth stage s o f the 

plants, F ive plants each were inoculated in  each trea t-

Inoculation of 1J day old plants*

Inoculation of 30 day old p lants.

Inoculation of day old p lants,

inoculation of 6o day old plants*

Inoculation of 7? day old  plants*

Control plants were maintained without 
inocu lation .

meat.

Treatment « 1 <v
Treatment -  2 <v
Treatment -  3 <*3 >
Treatment * b ( \ )
Treatment -  5

Treatment -  6 <v
A ll the p lants were p eriod ica lly  sprayed with

0 .1$  Ekalnx so lu tion  to  keep the plants free  o f in se c t  

in festa tion *

Observations were recorded an th e follow ing aspects 

at an in terv a l of 10 days t i l l  the p lants wore 110 days old.



(a ) IJumber of loaves formed,

(t>) length o f lea v es .
(c )  Width of leaves.

(d) Ihternodal length,
(e )  Humber o f  branches developed,

( f ) T ota l length of the v in e ,

(g ) Uanbor o f flowers formed^

(h ) Per cent o f fr u its  so t,

( i )  ITumber o f fr u its  formed,

8 , STATISTICAL ANALYSIS:

The data were analysed s t a t i s t ic a l ly  by applying 

the technique of analysis of variance for Completely 

Random, ised  Design with more rep lica tion s for control and 

the sign ificance m s tested  by »F* t e s t  (Cochran and Cox 

196^). The data on the number of leaves, number of bran­

ches, number o f flowers and number of fr u it s  formed were 

analysed a fte r  square root transformations for counts 

(Snedecor and Cochran,.1967),



RESULTS



a) External Svantcraet

The symptoms f i r s t  manifested as a transitory  

vein  clearing on the young leaves followed by tbs appea­

rance o f small greenish-yellow areas, which are trans­

parent than the healthy areas o f  the leaf*  la te r , c lea r  

mosaic symptoms con sisting  of irregular dark greon and 

yellow ch loro tic  patches developed. The small ch lorotic  

areas coalesced to form bigger patches. In advanced stages  

of in fec t io n , dark green raised b lis te r s  of varying s ise  

and shape developed on the lamina, The leaves were markedly . 

reduced In s iz e  and variously  crin, Idled end deformed. In 

older leaves , the symptoms of mosaic m ottling was le s s  pro­

nounced and only ch lorotic  areas were seen. The growth o f  

in fected  plants was severely  retarded and the internodes were 

shortened. The plants in fec ted  a t  very ea r ly  stages, blossom 

sparingly and se t  only very few or no f r u it s ,  Tb2 develop­

ment o f auxiliary  branches were a lso  induced, Ho v is ib le  

symptoms were observed on flowers and fr u it s ,  but excessive  

shedding o f  flowers was noticed , (Plabe-1)





b) Internal Swantomsi

EL stopatho lo g ica l studios showed a reduction in  

thickness o f tins in fected  portions ( lig h te r  areas) of the 

le a f  i#e* thinner than healthy green areas- The palisade 

c e l l s  in  the a ffected  portions were shortened and lo o se ly  

packed, In the mesophyH c e l l s  ch loroplasts were fewer in  

number end showed setae kind o f  degeneration# Since those 

c e l l s  contained only very few chlorop lasts, t o y  wore more 

transparent than healthy t is s u e s .

II* TRANSfllSSION OF THE VIRUSa 

&) San Transmissions

The snake gourd plants wore in o c u la te d  with con­

centrated sap extracted from leaves o f  severely  in fected  

plants and observed for the development o f syaptons. The 

symptoms o f in fectio n  appeared on tho newly formed leaves,

6 - 8  days a fte r  inoculation*

J-fhen plants were inoculated using standard sap, 

the symptom expression was delayed, symptoms appeared in

7 - 1 0  days. Use o f phosphate huff or did not show any 

s ig n ifica n t increase in  the in fe c t iv ity  o f the virus* When 

carborundum (£00 mesh) was used a3 an abrasive during Ino­

culation o no s ig n ifica n t increase o f in fe c t iv ity  was noticed .



b) III sect Transmissions

The r e su lts  o f  the stud ies o f in se c t  transm ission  

are given in  Table 1.  Transmission o f the v iru s with atM s 

possyT&i Glov* and AiMs cracclvora Koch, were tr ied .

Though both the species o f  aphid a transmitted the v iru s , 

Aphis gQ3svt>ii was more e f f ic ie n t  in  transm itting t o  v iru s  

and the symptoms appeared e a r lie r .

Ve cfcor-virua re la tion  shi t>sa

Tho vector-v irus relationsh ips were studied using  

Auhls cracclvora Koch, as the vector,

i .  Determination o f the minimum aeqaibltjqri feeding  
times

Tho re su lts  are given in  Table s* I t  was observed 

th at the aphid can acquire the virus with a minimum, feeding
s

time of £ minutes on the in fected  leaves# The In fe c t iv ity  

o f  the v iru s was found to  be increased when the acquisition  

feeding time was increased upto a period o f 30 minutes; but 

further increase in  the aeqjaisition feeding time only redu­

ced the per cent o f in fected  p lants and no in fection  couM 

be obtained a fte r  8 hours o f acqu isition  feeding tim e, A 

period o f 6 to  9 days was taken a fter  in fec tio n  feeding for  

the m anifestation o f  symptoms*



He su its  o f  the .experiment; to  determine transmission of snake recur d 
mosaic v iru s by aphid vectors.

l e s t  in se c t . ITuciber
of

aphids

ire-acq u i-  
s it io n  fa ­
stin g  time 
(hours)

Acquisi­
tion  fe ­
eding 
time* 
(hours)

Pre-in­
fec tio n  
fa stin g  
time* 
(hoursO

Infection
feeding
tine*

(hours)

Ilunber
of
p lants
in fe c t­
ed.

I'Tumher/ 
per cent 
o f plan­
t s  in fe ­
cted

Tine ta­
ken for  
appeara­
nce o f  
symptosss 

(days)

AiplaLa £&sa3&l. 30 2 2^ 2 2U- 15 5/ 33*3 03 1 \0

Ankle craccivora '30 2 2*f 2 2^ 20 6/ 30.0 10 -  12

cn



of
apfc

20
20
20
20
20
20
20
20
20
20

TABUS 2

R esu lts o f  the experiment to  determine tha minimum
acq u isition  feeding tim e.

Prc-acqui- Acqulsi- Pee-infec* In fection  Humber IJumber/pfep
s it io n  fa* tio n  tlon  star- feeding o f plants cent o f
stin g  time feeding vation  time* inocola- plants

(hours) tim e. tim e. (hours) ted . in fected .

2 5 minutes 1 2k 15 k /26 .6
2 10 R 1 2k 15 k /26 .6
2 » 1 2k 15 5/ 33.3
2 30 ° 1 2k 15 9/ 60.0
2 1 hour 1 2k 15 6/k0.0
2 2 « 1 2k 15 3/20 .0
2 If n 1 2k 15 3/20.0
2 8 « 1 2k 15 0
2 16 « 1 2k 15 0
2 2k « 1 2k 1? 0



H . Minimum noinber o f ^pM(1b repaired for in fe c t io n }

The re su lts  of the studios are pros on ted in  Table 3. 

Ho In fection  could bo obtained when a minimum number o f 3 

aphids were usod for the t r ia l .  Infection  wag noticed  when 

£ In fective  in se c ts  or more were allowed to  feed  on the te s t  

plants. Maximum in fection  was obtaired when 20 in se c ts  were 

used per p lant. The symptoms were m anifested within 7 to  9 

days. I t  was found that when the number o f aphids wore in ­

creased per plant, the per cent of transmission was a lso  in ­

creased.

i i i .  Determination o f  ths minimum in fection  feeding  
poriodi

I t  was found that the aphids can transnit the v irus  

with a minimum in fec tio n  feeding period o f 5? minutes on the 

t e s t  p lants (Table **), The per cent o f in fected  plants was 

increased by Increasing the in fectio n  feeding period upto 

2 hours. The per cent o f  in fected  plants was found to  be 

reduced when the in fectio n  foe ding time was further, increased. 
The plants exhib ited  the symptoms w ithin £ to  9 days. Vfhen 

a maximum in fec tio n  feeding time o f  2^ hours was given, the 

development o f symptoms was found to be delayed.

lv .  E ffec t o f  ore-acqu isition  starvation o f  
&lMdg on the e ff ic ie n c y  to  acnuire^ltnd tzm m tiL  the, vjgusi

The data are presented in  Table Pre-acquisition  

fa stin g  o f aphids increased the e ff ic ie n c y  o f the vector to



T A B L E  3

R esu lts o f the experiment an the minimum number o f aphids

HUmber
o f

aphids

RSD—ec qili— 
s it io n  fa­
stin g  time, 

(hours)

Acquisition
feeding
tim e.
(minutes)

Ere-infec- 
tio n  fa s­
tin g  time, 

(hours)

Infsctiaxi
feeding
tim e.
(hours)

Humber 
of pla­
n ts  ino­
culated*

Uushar/per 
cent o f“ 
plants in­
fected*

Time taten  
for appea- 
rence o f  
^mptams. 

(days)

3 2 30 1 2k 10 0 !Jot in fe c t ­
ed.

5 2 30 1 10 k/ko.0 8

to 2 30 1 2k 10 8/ 80*0 6

2 30 1 2k 10 8/ 80*0 8
20 2 30 1 2k 10 10/100*0 9
25 2 30 1 2k to 8/ 80.0 8

30 2 30 t 2k 10 3/ 30.0 7

oo



TABLE k

R esults o f th e exneilrocnt t o  detoraine the minimum
in fec tio n  feeding porlod.

Huraber
o f

aphids

Pre-acqui­
s it io n  fa­
stin g  time 

(hours)

Acquisi­
tion  feed­
ing time

(minutes)

Pre-Infec­
tio n  f a s t ­
ing  time* 

(hours)

Infection
feeding
time*

Humber 
o f p la­
n ts  ino­
culated*

liumbor/per 
cent o f  
p lants in ­
fected .

Time taken for appea-
rence o f  
symptoms* 

(days)

20 2 30 1 5 minutes 10 2/20*0 7
20 2 30 1 10 n 1Q 6/60,0 7
20 2 30 1 15 " 10 6 /60 .0 6
20 2 30 1 30 » 10 8/ 80.0 5
20 2 30 1 1 hour 10 8/ 80.0 5
20 2 30 1 2 t» 10 10/100.0 5
20 2 30 1 If « 10 B/80.0 6
2:0 2 30 1 8 n 10 6/ 60.0 7
20 2 30 1 16 » 10 8/ 80.0 6
20 2 30 1 22 n 10 kA o.o 6
20 2 30 1 2k » 10 k/ko.o 9

Cfl



Humber of 
aplxldsr

B?e-aequi- 
s i t  ion s ta ­
rvation  
time.

Acquisi­
tion  fe ­
eding 
time*
(minutes

rre-ln fec-  
tian. star­
vation  
time*.

(hours)

.Infection
feeding
time*

(hours)

Humher 
of pla-. 
l its  ino­
cu lated .

T Ju sb er/p er  
cent o f  pla­
n ts  in fected

2?iin e taken 
fcx? appea­
rance o f  
3% iapfcans

(days)

20 30 minutes 30 i 2*3* .10 h / U o mQ 9
20 t  Hour 30 1 10 8/ 60.0 8

20 2 « 30 1 2*f ,10 8/ 80.0 7

20 3 " 30 1 2*3- 10 6 /60 .0 8

20 l}. n 30 1 2*f 10 2 /20 .0 8

20 5  * 30 1 2^ 10 6 Hot in fe c te d

cn
CD



acquire and transmit the v iru s. Maximum e ffic ie n c y  was noted  

when in se c ts  were starved fo r  a period o f 2 hours# Farther 

increase o f fa stin g  time did not appreciably Increase the per 

cent o f  Infected  plants and so a lso  the e ff ic ie n c y  aF tho 

vector to  transmit the virus* Tho p lants developed the symp* 

terns within 7 to  9 days#

v* E ffect of n re-in fectlon  starvation on the e f f i ­
ciency of the vector to  transmit tbs vira1£

The e ff ic ie n c y  of transmission was maximum whon the 

viruH ferouo vectors were starved for 30 minutes before in ­

fection  feeding* The data a lso  revealed that fa stin g  o f  

aphids before in fection  feeding upto a period of 1 hour did 

not severely  a ffe c t the e ff ic ien cy  o f the vector to transmit 

the virus,:. (Table 6)* But further increase o f p re-in f ecticn  

fa stin g  showed th at tho e ff ic ie n c y  was declined and a fter  ** 

hours fa s tin g  the in se c ts  were unable to  transmit the v iru s  

to  healthy plants* The symptoms manifested within a period  

o f 9 to  10 days*

v i .  Persistence o f the v irus in  the in sec t-v ec to rt

The re su lts  are tabulated in  Table 7* Tho in se c ts
wore transferred from plant to  plant a fter  an in fec tio n
feeding o f  1 hour* It was observed th at the v irus could bo
transmitted to  the f i r s t  t e s t  plant only5 where as the sub- 
sequent p lants remained healthy when the sane in se c ts  were



tabie 6

E ffe c t  of n re-ln fectlon  starvation on the a b i l i ty  of the 
vector to transmit the v iru s .

Number
of

aphids

Pre-acqui­
s it io n  star­
vation tim©.

(hours)

A cquisi­
tion. feed­
ing tim e,
(minutes)

Pre-infec­
tion  star­
vation  
tin e..

Infection  
feeding  

' time...
(hours)

Number 
of plan­
t s  inocu­
la te d .

Knobs r/per­
cent o f  
plants in ­
fec ted .

^ino taken 
for appea- 
rence* o f  
symptoms, 

(days)

20 2 30 0 2b 10 8/ 80.00 8

20 2 30 30 minutes 2b 10 8 /00 .0 9
20 2 30 1 Hour 2b 10 7/ 70.0 9
20 2 30 2 " 2b 10 *i-A0.0 10

20 2 30 3 n 2b 10 M*O.0 10

20 2 30 Lj. « 2b 10 0 Not in fec ted

20 2 30 5 n 2b 10 0 n

cniv



dumber ■ 
of 

aphids
Bre-acqui­
s it io n  fa ­
stin g  tlBG 

(noui^

Acquisition  
feeding tin e  
(minutes)

Pre-infec­
tio n  fa s t­
ing tim e, 

(hours)

In fection
feeding
tim e,

(hours)

Number o f  
plants in ­
oculated.

number o f  p la it s  in­
fected .

1 2 3 ^ 5

20 . 2 30 0 1 5 + —  —  —

20 2 30 1 1 5 + - — —  —

20 2 30 1 1 5 + n» — — —

20 2 30 1 1 5 + - " — -

20 . 2 30 1 1 5 +

+ Infected,
-  Hot Infected ,



transferred s e r ia lly  from plant to  plant* The in se c ts  

could not reta in  the v iru s and lo s t  i t s  virulence imme­

d ia te ly  a fter  feeding on a te s t  p lant.

c )  seed /TransmiflaLgi;

Seeds from severely  in fected  p lants were co llec ted  

and grown in  pots to assess whether the v iru s i s  seed-hom e. 

Out of the 67 seeds sown, 52 wore gem inated, The p lants  

did not 3hou aiiy symptoms o f the disease upto 30 days o f  

growth, ind icating  that the v iru s i s  not transm itted through 

seeds.

d ) S o i l  Transmissions

An experinent was conducted to determine whether 

the v iru s i s  soil-barne„ The in fected  plant m aterials were 

incorporated with the s o i l  in  pots and a fte r  one \jeek, healthy  

seeds of snake gourd were sown. Observations made for a  

period of 30 day3 revealed that the v iru s i s  not soil-borne  

as the plants remained healthy.;

i n .  PHYSICAL HlOrSRTHs OF THE V3BU&

a ) Thermal Inactivation points

The r e su lts  are given in  Table 0 * The virus was 

in activated  between temperatures of 70° to  7S>°C. The t e s t  

plants, Inoculated with sap treated a t 75°C remained healthy  

without exhib iting any symptoms, whereas 20 per .cent



Re sa lt  3 o f the oyperinont to determine tho thermal inacttf.- 
vatlon  p o ln l or the v im s .

Treatment 
(Temperature )

Number of 
plants ino­
cu lated .

Number o f V&v cent 
plants in -  in fe c t io n ,  
fe e ted .

Time taken 
fo r  appearance 
of symptoms, 

(days)

?o 10 10 100 9
10 8 80 10

60 10 9 $0 12
65 10 6 6o 12
70 10 2 20 11
7? 10 0 0 Hot in fe c te d .
80 10 0 0 it
85 10 0 0 n

cn
cn



t e s t  p lants developed symptoms when inoculated  with sap 

treated  at 70°C.

She p lants inoculated w ith  sap treated  a t lower 

temperature developed symptoms within 8 to  9 days while 

there was a delay in  the symptom expression when sap was 

treated  a t 65°C and 70 °c .

h ) D ilution end points

The data are given in  Table 9 , I t  was found that
ft

the v iru s was in activated  a t a d ilu tion  o f  isloooo , But 

60 per cent o f t in  p lants inoculated with the sap a t a d ilu ­

tion  o f  1:^000 developed the symptoms, so i t  was concluded 

that the d ilu tion  end point of tho v iru s I s  between Is 5000 -  

1s 10000.  I t  was also  observed that a t d ilu tio n s  above 1| 500, 

the in fe c t iv ity  was reduced and the expression o f  symptoms 

was delayed*

c )  longevity  in  v ltr o a

The re su lts  are given i n  Table 10 and 11*, When 

the sap extracted from in fected  plants was stored a t room 

temperature for a period o f  96 hours, i t s  in fe c t iv ity  was 

completely lost*? About **o per cent o f the plants a inocu­
la ted  with sap kept for 72 hours a t roc© temperature deve­
loped symptoms, so the longevity in  v itr o  o f the v irus  

stored a t room temperature i s  be t e e n  72 and 96 hours. The



R esults o f  the experiment to  determine the d l3u tion  end-point
o f  th e  v iru s

Concentration - Number o f  Number o f
o f  gap. p lants ino-. p lants in -

cu Hated*. footed*

1s 100 10 10
1:500 10 10
1:1000 10 8
1:5000 10 6
1s10000 10 0
1:50000 10 0
1s100000 10 0

Per cent Time taken for  
in fe c t io n  appearance o f

symptoms.
(days)

100 S
100 9
80 11
60 11
0 Hot in fec ted
0 V
0 n

cn
•vl



Time in te r v a l Humber o f  
p lan ts ino­
cu lated .

Humber of 
plants in ­
fected*

Percent
In fec tio n .

Time tahen for  
appearance o f  
symptcsQs 

(days)

Freshly extrac­
ted sap. 5 ? 100 9
After 2®f hours 5 5 100 12
A fter **8 hours 5 80 11
After 72 hours 5 2 *K) 11*-

Aj^sr 96 hours ? 0 0 Uofe in fec ted
After 120 hours 5 0 0 n
After 1*&- hours 5 0 0 n



Time in terv a l Number of
plants
inoculated

Humber of
p lants
in fected*

Fereent
In fection

Time taken for  
appearance o f  
symptoms, (days)'.

Freshly extracted  
sap. $ £ 100 9
After 2k hours % 100 9
A fter kS hours 5 k 80 12
A fter 72 hours 9 3 60 11
A fter  96 hours ? 2 ko 15
After 120 hears 5 1 20 19
After lUk hours $ 1 20 ik
After 16S tours 5 0 0 Not in fe c te d .



par cent o f in fected  p lants was decreased as tho storage 

time o f sap was prolonged and a t the 72 hours i t  was only  

ko per cent* The plants exh ib ited  the symptoms of the 

disease within 9 to 11 days when inoculated with sap stored  

for 2l> hours j but the symptom expression was delayed for  

days in  those Inoculated with sap stored for 72 hours*

. VJhen the inoculum was stored in  a refrigerator*  

the in fe c t iv ity  was retained upto hours, but the per
r

cent o f  in fected  plants was considerably decreased. After  

168 hours o f storage o f  the inoculum the in fe c t iv i ty  was 

completely lo st*  so the longevity in  v itr o  o f tho v iru s i s  

be t e e n  1M1* to 168 hours, when the sap was stored under 

refrigerated  conditions, When the Inoculum was stored for  

72 hours t e  symptoms manifested within 9^12 days but when 

i t  was stored for iMt hours the expression o f symptoms was 

delayed upto 1W1? days*

IV, BQgg RMGBi

Ctet of 33 plant species belonging to  10-d ifferen t  

fa m ilies  te sted , 8 species o f plants belonging to  3 fem ilio s  

were found to  be susceptib le to  in fectio n  by the v iru s and 

produced d is t in c t  symptoms.



a ) Cu curb! fcace ae»
i .  Cucurais sativus L,

The symptoms were f i r s t  noticed  on the developing 

young leaves as aaaH grddoisli-yelloi/ areas which was more 

lig h ter  than healthy areas* Later, ch a ra cter istic  yellow  

m ottle appeared* The leaves were reduced in  s i s e ,  d istorted , 

c r i n k l e d  o. and in  advanced stages there wn3 downward curling  

o f the edges of the lamina* The plants were stunted and the 

intexnodes were shortened*

i i ,  Cucurbita maxima 1*

Ye Howl eh- green ch lorotic patches were developed on 

the lamina* The greenish darker portions of the le a f  produced 

ra ised  b lis te r s*  The ch lorotic  patches coalesced together to  

form larger patches o f in fected  t is s u e s . The s is e  o f leaves  

were reduced considerably, into modes were shortened and 

plant 3 were stunted* (Piabe-2 ).

i l l .  Cucurbita nencr-v^  cmdensa. I»*

The in fected  p lants shot-jed the syapbems w ithin 5 to  

7 doys* The leaves exhib ited  pale green spots which enlarged  

In s is e  and developed in to  yellowish*green patches. Reduction 

in  s is e  of leaves, crin'kling; end distortteai o f lamina, were 

also observed. The in fected  plants were stunted*





b} Solanaceae*

i .  Hicotiana tabacum L.

The plants Inoculated with concentrated sap did  

not show any symptoms o f  the d iesease, But when the sap, 

extracted with phosphate buffer, was inoculated on the 

plants, the vein  clearing symptoms developed within 8 - 1 0  

days. The symptoms were mild and only pals green areas 

wore developed on the le a f  lamina, (Plabe-3.)

l i ,  I&cotiana nlutinosa L,

The a ffected  plants showed m ottling within 3 to  

6 days. A large number o f  dark green ra ised  b lis te r s  were 

produced on the lamina. The newly emerged loaves were 

highly reduced in  s i 20 and plants showed severe stunting.

The Internodes wore shortened. As the plant matured the 

severity  of the symptoms was reduced, (Plabe-40

i l l ,  Capsicum annuum L.

Tho plants showed the symptoms w ithin 6 to  7 days. 

The main symptoms were the development o f  l ig h t  green mot­

t l in g  and curling of the lamina. The s is e  of leaves were 

severely reduced and stunting o f the p lants was a lso  evident







Av. Petunia hvbrida V ila,

The inoculated plants exh ib ited  symptoms within 8 

days* Yeung leaves showed pale ‘green areas and la te r  devo- 

loped dark green raised  b l is t e r s .  The s izo  of leaves were 

reduced and in  severe cases intem odes wore shortened. Ho 

symptoms could be observed on flowers*

o) cotanositaet

Zinnia eleaans Jacq.

Clearing o f  ve in s u sually  developed within 8 t o  10 

days a fter  inoculation  and the plants showed systemic mot­

t l in g ,  . The symptoms produced were sim ilar to  those produced 

cn Petunia hybrids. Ho v is ib le  syaptens were bbservod on 

flowers*

V. EgTlHAflOH OF LOSSa

a) E ffec t o f in fec tio n  on number o f leaves*

Tie observations of the experiment to  find out the  

e f fe c t  of inoculation  o f  15, 30, h$9 60 and 75 day old seed­

lings*  on the number o f  leaves formed are given in  Table 12. 

The r e su lts  showed that inoculation  o f the plants w ith  the 

v iru s a t the d ifferen t stages o f growth, did not a ffe c t  the 

production o f leaves s ig n ific a n tly  as compared with untreated  
plants.



E ffe c t o f Infection, a t d ifferen t stages o f growth o f  tfoo plant
on the number o f  leaves

(Means a fte r  \ /  X transformation)

Treatments Time o f observation (days)

20 30 ifO 5o 60 70 00 90 100 '

s t 5.006 6.050 6.910 7.720  8.516 9.286 9.852 10.330

h - a * 5. 67*1- 6.^20 7.230 8 .116 8.808 9.**02 9.950

h A f t - A ft 6.680 7.520  8.156 8.736  9.260 9.718

\ “ - - - 8.228 8.912  9*?06 9.930

*5 * • f t
- - -A ft ^ 9 .0 3  9 . 5*58 9.900

*0 *f.170 U-.969 6.020 6.920 7.760 8 .602 9A 72 10.02*1- 10.522
C.D ., for comparison 
u lth  control. • W  A ft

C.D, for comparison 
between treatm ents. -

-
• - - A f t  ■ »

* ■
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b) E ffec t of In fection  on the Ion nth o f leaves;

The r e su lts  are given in  Table 13, Tho data showed 

that th e inoculation  o f day old  p lants reduced the length  

o f leaves s ig n if ic a n tly  as compared to  control and other .. 

treatments* It was observed that the length  o f leaves was 

reduced s ig n if ic a n tly  over control* when 30 and 60 day old  

plants were inoculated. When the plants wore inoculated on 

the 75th day tho reduction in  the length o f leaves was not 

s ig n if ic a n t, The reduction in  the length of leaves depend 

on tho time o f inoculation i ,e *  i f  the plants were inoculated  

at ear ly  stages o f growth, the length o f loaves reduced sign i­

ficantly*

c )  E ffec t o f  in fec tio n  on the width o f leavesa

The e f fe c t  o f inocu lation  o f p lants a t d ifferen t  

growth stages on the width o f leaves was recorded and pre­
sented in  Table 1>k Tho re su lts  showed that tho width o f  

loaves was reduced s ig n if ic a n t ly  when VJ day old p lants were 

inoculated* There was s ig n if ic a n t reduction in  the width 

of loaves when 30 and day old  p lants wore inoculated ,

There, was no sig n ifica n t reduction in  the width of leavos 

when inoculated on th e  60th day end th erea fter .

As in  the case o f length, the reduction in  the width 

o f leaves a lso  depends on the time of in ocu lation . la te  

inocu lations did not appreciably reduce the width of the 
leaves*



TAB IE 13

E ffect of In fection  a t  d iffe re n t stages of growth of the -plant on tbc
length  of leaves

(Mean length in  Centimetres^

Treatment
Time of observation (days)

20 30 • **0 50 60 70 80 90 100

Tt **■*680 ■ 3.920 3.580 3.1*H) 3.000 2.880 2.*+60 2.520• 2.200

T2 - - *+.820 ***.200 **-.1**0 3.920 3.*K>0 3.200 - 3.-220

*3 - * • **-.320 3.900 3.*K)0 3.300 3.0*f0 2.920

,5V Aft «» -  - -  ‘ fft 5.000 **•.780 **•.5+0 **-.***K)

% - - - - - - *+.9*K) *+.7*+0 *+.5*+0

S0 7.516 6.2**1** 6.235 5.987 5.8**-0 5.670 5.*K)0 5.160* *+.760

C.D. fo r  caspari- 
san u i th  control. 0.905 1.131 0.72*+ 0.521 0.**97 0.395 0.*+02 0.*t69 0.511
C.D. fo r  eaapart- 
son between t r e a t­
ments. — 0.915 0.638 0.608 o.*+56 i 0.**02 0.H69 : 0.511

OD
oe



E ffe c t  of In fe ctio n  a t d iffe re n t sownith stages o f tbs p lan t 
cn the u id th  o f leaves.
(Mean width In centim etres)

Treataent
Tim© o f otaervatian (days;

20 30 1*0 50 60 70 80 90 100

Ti 5.860 **-.720 If *180 Wooo 3.860 3.560 3.160 2.900 2.800

T2 - - 5 . 120’ 5.100 if *800 if. 580 lf.3?f0 3.61*0 3.7*f0

t 3 - If. 180 If. 66b if, 200 If *100 3.780 3.560

- - - - - 5.800 5.i*ao 5.1*80 5.160

%
- - - «* - - 5.260 5.ooo lf.980

T 7.8C& 6,1*92 6.350' 6.993' 6.,1*60 5.870 5.8UO 5.5oo 5.220

C.D . fo r compari­
son w ith control,, 1.056 1.215 0.968 0.662 0.563 0.571 0.501 0.1*61 0.1*89

C.D . fo r e coper i -  
oon between trea t­
ments-

- - 1.221* 0.811 0.669 0.659 0.501 0.1f6l 0.1*89

05
-vJ



d) E ffec t o f  in fec tio n  on the Internodal lengths

The data on the internodal length are given in  

Table 15. Xfc m s  observed th at the internodal length I s  

reduced s ig n if ic a n tly  over a l l  other treatments when the 

15 day old  p lants were inocu lated , The r e su lts  a lso  revea­

led  that the inoculation  at d ifferen t stages o f plant growth 

reduced the in tem od al length s ig n if ic a n tly  over control*

The degree of reduction in  the in tem od al length depends on 

the time o f in ocu lation .

q) E ffect of In fection  on the t o t a l  length o f vines

The data are presented in  Table 16, Xt m s  obser­

ved that inocu lation  o f 15 day old p lants affected  the length  

o f vine s ig n if ic a n tly  as compared to  the other treatments* 

Subsequent inoculation  o f p lants did not exert any s ig a i f i -  

cant e f f e c t  in  the length  o f the vine a s. compared to  the 

control*

f )  E ffect of in fection  on the number of branoheas

The data on the e f f e c t  of inocu lation  at d ifferen t  

growth stages o f the p lants on the number o f branches are 

given in  Table 17*, The r e su lts  showed that the number o f  

branches was increased s ig n if ic a n tly  when 15 day old  plants 

wore Inoculated* The d ifferen ces in  the number of branches



TABLE 15
E ffec t o f In fection  a t d ifferen t stages of growth o f the p lant on

In to  m o d a l lenrcth
(HQan leng th  in  C entim etres)

ETse o f observation (days)
Treatments

20 30 *4-0 5o 60 70 SO 90 100

TAt 8.780 7.9*K> 7.3^0 7.100 6,000 5.^60 5.120 1k.760 ^.560

T2 10 .7^ 10.500 10.360 9 . 0k-o 7 .060 6.330 5.720

Ta - 10. **20 7.960 7.620 7.020 6.^00 5.860

- - - «=» 1p.0**G 8.760 7.760 7.300

- «» - - „ - 8.180 7.8*K3 7 .M:-0

Txo 13.C20 13. &Q 12.573 11.087 9.530 9.800 9.280 8.500

C.B. fo r  c a sp a ri-  
son w ith  con tro l* 3.33^ / 2.581 .1.918 1.^38 1.301 ,0.937 1.325 0.993 ,0.868

C.D. fo r  ccopari- 
son between t r e a t ­
m ents.

- - 2.^26 1.762 1.593 1.082 1.325 0.993 0.868



E ffec t o f infection . a t d ifferen t stages o f growth o f the p lant 
' 1 on the t o t a l  le n g th o f  the v in e ,

(Mean length  in  oentlm etges)

Time of observation (aaye)
xpeumi gu o

20 30 ko 50 60 70 80 90 100

*1 1^ .20 182.20 202.20 218.00 23^.00 2**8.20 258,20 265.60 273.*K>
267.80 302.20 330.bo 3 9̂ .00 363.20 37^.80 383.20

*3 — . — — 330.00 350.60 367.60 385.00 399* ^ U-11.20
— *- — — 329 .**0 351.00 358.20

V rm  m — « # • * — — 386.80 399*80 1*03.20
T0 179*00 238.72 292.30 327.53 . 355.60 399*20 l ĤD.20 ^52.80 1*62.20

C.D* for  compari­
son with con tro l. — 68.511 68,  311* 6Q.U00 6s . 6bo 76. 390. 7^.800 73.^20

C.D. for compari­
son between treat­
ments.

* » « • — 79*110 83.662 83.250 79*270 76.390 7^.800 73.^20

o



E ffe c t  o f  in fe c t io n  a t  d ifferen t stages o f  growth. o f the 
plant cn. the  namber o f branches procfaced.

Clean s a f t e r  n/ T T I  . Jteensgomat&ai)

Treatm ent Time of o b se rv a tio n ^  ay s ;

20 30 **0 5b 00 70 80 90 100

*1 1 .V60 1.820 2.313 2*to0 2.561 2.603 2.820 2.890 2.960
— * - 1 .9 to 1 .99k 2.36k 2 .to 5 2.520 2 .6 to 2.680

T3 mrnm — — 2*088 2.359 2*359 2 .to o 2 .  to o 2.530-
— <mm *rn*m 2 .to 5 2.530 2.600 2.720

T5 — — m m ~ 2.360 2.520 2*600

T0 0*710 1 .3 to 1*788 2.082 2.372 2.358 2*to0 2.630 2.720

G.D. for coapari- 
son u lth  contro l. 0.C&3 0 . 6*1-3 0.362 wh» 0.220 0.2>ik 0.2^2

C.D* for compari­
son between t r e a t ­
ment C.

o .to a — - - 0.220 Q»2Nk 0*2k2



was not s ig n ifica n t over control in  the case o f o tter  trea t­

ments#

g) E ffec t of in fectio n  cn the number of flow erss

2 be re su lts  are given In Table 18* I t  was observed 

that the number of flowers produced was s ig n if ic a n tly  reduced 

over control by those p lants inoculated cm the 1J?th day* Ino­

cu lation  o f  301 **5 and 6o day old plants a lso  reduced the 

number o f  flow ers s ig n if ic a n tly  over control* It i s  observed 

that the reduction in  the number of flow ers depend on the time 

of in ocu lation . E arlier inocu lations severely  a ffected  flower 

formation.

h) E ffect of In fection  on the nor cent : fr u it  
pet!

I t  was observed from the data presented in  Sable t9‘ 
th at there was no fr u it  s e t  when 15 day old plants were ino­

culated# When plants were inoculated on' 30th day o f  growth, 

the par cent of fr u it  s e t  was s ig n if ic a n tly  reduced over 

control.' There was no s ig n ific a n t reduction in  the fr u it  

s e t  on other treated  p lcnts when compared w ith control. $o 

ear ly  in fec tio n  resu lted  in  sign ificant- reduction o f fr u it  

se t  whereas la te r  in fec tio n s  did not e se r t  s ig n if ica n t e f fe c t  
on fr u it  set#



TABUS 18

Sfflar*. o f  in fec tio n  a t  d lfS p e n t  stages. o f  ,.
number of r io te r s  formed.

(Means after v /jr ^ t tran sformatf on)

Treatments* Time of observation (days)

20 30 kO 50 60 70 80 90 100

Tt 1*219 2*kgk 2.138 2. 3M 2.U-79 2*679 2.083 2. 0^) 1.890

*a ~ 2.839 2.303 2.231 2 . 36k 2.169 1.890 1.720

*3
«**p — 2.839 2 .k85 2.550 2.173 1.830 1*710
— — wa — — — ■ 2.738 2.927 2.630 2 .k80

t 5
«»«a* — — ■ — — 2 . 96k 2.570 2 . 6k0

* o 1.885 2.737 2 * 9 1 2 3 .0 5 2 3.126 3.  13k 2.925 2*950 2.820
C .D * fop  ccta-pai±-. 
son \jitb. control* 1.051 — 0.353 0 .3 ^ 9 0. 35k O.292 0 .^ 3 1 0.359 0.312

C.D* fo p  e o m p a r i .  
son between trea t­
ments.

— «»«* 0 . ^ 1 o .k s s o .k 3k 0.337 0.k 31 0.359 0.312

-a
co



TABLE . *19,

Efifect of In fe c tio n  a t  d if f e re n t  star.oe o f  
groutli of the r ia n t  on the r e r  cen t 

of f r u i t  s e t .

fMeans a f te r  enffuXar transfozraatlonrO

Treatment Mean
   ...

3?̂ G

T2 9-950

*3 11*256

11.362

% 11*250

TA0 13.192

C.D, **.G3k



i ,  E ffect a t In fection  on the number of fruits*

She data are given In  Table' £0 ., i t  was observed 

that when VS day old  p lants vere inoculated  no fr u its  were 

formed. When plants wero inoculated a t subsequent stage s 

of growth, there was s ig n if ic a n t reduction o f f r u it  foame* 

tion  over control. The e f fe c t  o f the t in e  o f infection, o f  

the p lants was evident on the fru it production.



E ffe c t of in fe c tio n  a t  d i f f e re n t  s tages of 
r-rowth of th e  p la n t as th e  number o f f r u i t s  

fdmQd.
(Moans a f te r  \ /s  + 1 tra n s fo ra a tio n )

Treatment Mean

Ti 1.000

T2 1.512

tp
"3 1.605

\ 1,829

t 5 1-Q39

T0 2. 1B**

C.D. 0,287



DISCUSSION



d x  s e n s  s  I  o s

Tli© v iru s causing mosaic d isease o f  snal© gourd 

fTriohosanfchss nnguina L .) was in v estig a ted , The d isea se  

was found to  be vide spread in  K erala, synpfcomatologlcal 

stu d ios showed th at the symptoms produced on snake gourd 

wore sim ilar to  aiV reported by anlth (1937)* I t  a lso  

resembled the symptoms produced on snake gourd by a stra in  

of CMV reported by f i l i a l  (1971) sad c& cm ls mrns. 1 reported  

by Dubey e t  ^  ( 197k ),

The M stopathological studies revealed that the 

palisade c e l l s  ware shortened in  tbs a ffected  portions and 

lo o se ly  packed* The ch lorop lasts were fewer in  number.

The a ffected  portions were found t o  be thinner than the 

normal areas* Such an e f f e c t  have been reported by Ciganto 

(193k) on vegetable marrow duo to  a mosaic virus* Cook 

( 1938) had a lso  reported sim ilar h is to lo g ic a l changes due 

to  Q£V on cucumber*

The v iru s was found to  be transmitted by sap 

in ocu lation . Attempts to  transmit the v iru s by the aphid, 

vectors* toM a gossypH Clov, and ftphis craccivora Koch, 

were su ccessfu l. But the v iru s  was not transmitted through 
seed or soil*.



Sap Inoculation -with carborundum as an abrasive 

did not increase the in fe c t iv ity  o f the v iru s . But when 

carboacnmdum m s  used as abrasive, for in ocu lating , w ith  

standard sap, the in fe c t iv ity  was increased as compared 

to  the inoculation  without abrasive. Inoculation w ith sap 

extracted with phosphate buffer did not increase the in fe e t i-  

v ity  o f  the v iru s. This I s  not in  agreement w ith the obser­

vations o f  the ea r lier  workars (Thomberry, 1935; Costa, 19M+), 
•They reported several fo ld  increase of in fe c t iv ity  o f CMV 

w ith the use o f  phosphate buffer.

Transmission of snake, gourd mosaic by the aphid,

Aphis sossypli was reported by earlier worker's (Dubey et a l . , 
197*0. Reddy and Horlani (19^3) reported that cucumber 
mosaic virus infecting vegetable marrow was transmitted by 
■Arhis fTOssvnli and ApM b craccivora. Kaiser and Danesh < 1971) 
also could obtain transmission of CMV infecting d oer  
arietlnum (chickpea) by Aphis oraccivora in  a stylet-bome 
mamer. However, failure to  transmit viruses infecting  
cucurbit s by A phi s cracc ivora has been reported by Vena a et a l.
(1970), F ilia l (1971) and Bubey e t  d .  (197*0,

Studies on the vector-virua re la tion sh ip s showed 

that the vector, APhis craccivora could acquire the v iru s  

w ith a minimum acquisition  feeding period o f £ minutes,

I t  has been reported that the vector can pick up tlB  Melon



mosaic v iru s x?ith on acqu isition  feeding o f  le s s  than 30 

sec aide < Jngmatban end Ranakiishaanf 1971). As the acqui­

s it io n  feeding period was increased, the e ff ic ie n c y  o f  trans­

m ission of the v iru s \*as reduced and a fte r  long acquisition 

feeding period, the Vector completely l o s t  I t s  a b ility  to  

t r a n s i t  th e v iru s (Sable 2 ) .  Tho reason fo r  tho reduction  

in  the e f f ic ie n c y  o f trananlssinn a fte r  longer acqt^ition  

feeding periods had been explained by Watson and Roberts 

(1939)* Eay and lrsyid.exd.es (195*0 supported the in h ib itor  

hypo tho sis#  Bradley (195*0 reported the formation of s a l i ­

vary sheath during longer feeding in terv a ls  vMoh prevented 

the aphids from becoming In fective*

The optimum number o f  aphids which produced masdhaim 

In fection  was twenty* t e t h e r  Increase o f the number of 

aphids did not increase the per cent ' In f a ctiv ity*  The 

data a lso  revealed that a minimum number o f fiv e  aphids were 

required fo r  successfu l transmission* The fa ilu r e  to  get 

In fection s w ith  sin g le  aphids or w ith groups o f  3 i s  not in  

agreement w ith  the observations of e a r l ie r  workers* Hoggan 

( 1933a) mentioned that s in g le  aphid (Mysus -persicac) could 

tra n ssit  05V in  a non-persistent manner* Kaiser and Danesh
• 'E

(1971) found th at s in g le  aphid was able to  transmit OlV but 

greater transm issions were obtained only by using compara­
t iv e ly  larger niaaber o f aphids* Tho fa ilu re  to  transmit



the v iru s  by a group of three aphids m y  bo due to  the fa c t  

that snake gourd i s  not the natural host o f  .the vector  or 

the v iru s concentration, i s  low to  be in fectiv e*

The aphids 'were found to  tranaait the v iru s w ith  

a minimis in fec tio n  feeding period of £ minutes* Jagsnathon 

and Ramakrichzian ( 1971) observed that the v in ilifo r a u s  

aphids eon t r a n s i t  the v iru s o f  Melon mosaic with a  short 

in fec tio n  feeding o f le s s  than SO seconds* She per cent 

transmission increased w ith increase in  In fection  feeding  

period upto 2 hoars* But as the time o f  in fec tio n  feeding  

m s  increased a reduction in  the per cent transmission  

m s noticed  (Tabic !*■)• «he possib le explanation for  th is  

i s  that most of the aphids th at can cause in fec tio n s do 30 

within the f i r s t  hour and the increase in  the duration o f  

in fec tio n  feeding reduced the a b i l i ty  o f the vector  

(Kariani and sastry* 1962) .

The e ff ic ie n c y  of the vector to  acquire and trans*  

n i t  the v irus was increased when they were starved prior to  

acq u isition  feed in gs I t  m s  found th at starving the aphids 

for  a period o f 2 hours increased the e f f ic ie n c y  o f trans­

m ission (Table 9 )* Fasting fo r  longer periods did not 

increase tho e ff ic ie n c y  o f  transmission*, Similar r e su lts  

were reported by Reddy and Sfor&ani ( 1963) in  the case of 

mosaic d isease o f vegetable narrow*?



Pre-infection fa stin g  of the vec to r  for  a period 

o f  30 minutes increased the e ff ic ie n c y  of trananlssion than 

other periods tr ie d , but prolonged starvation for a period  

o f 3 hours a ffected  the e ff ic ie n c y  o f  transmission end the 

per c m t o f  in fected  p lants was reduced considerably, She 

e ff ic ie n c y  o f  the vector to  transmit the v iru s  m s  lo s t  when 

starved fo r  b  hours. I t  was reported th at p re-in fection  

fa stin g  o f aphids decreased the t  lensmi s s i t i l i t y  o f non- 

p ersisten t v irus o f c h i l l i  mosaic and longer fa stin g  resujU 

ted  in  considerable reduction in  the a b ility  of the vector  

to  transmit the v iru s (iJariani and Sastry, 190a)* Jaganatfcan 

and Rasakri3hnon (1971) reported that when aphids wore 

starved p ost-acq u lsition a lly  fo r  sore than f iv e  minutes, there 

was decrease, in  t t e  In iec tiv H y  of Melon mosaic v iru s but 

a fter  a period o f  one hour the v iru llfero u s aphids ceased to  

transmit the v iru s

I t  was found th at the aphids could not retain  the 

v iru s for  longer periods and lo s t  i t s  v iru lence immediately 

a fte r  feeding on a t e s t  p lant (Table 7 ) , Marian! and Sastry  

( 1962) observed that s in g le  v iru llfero u s aphid lo s t  I t s  

in fe c t iv ity  a fte r  feeding on a t e s t  plant fo r  10 minute a and 

cculd not tronaH t Hie v iru s to  the subsequent t e s t  p lants  

when a er ia l transfers were made, so the v iru s i s  non-per­
s is te n t  and s ty le  t-bom e typ%



I t  was observed th at tho v iru s  was not good trons- 

c&ttad* Keddy and ficrlonl ( 1963) iso la te d  a strata of ©I? 

from vegetable marrow and showed a very lot; per cent of 

seed tran&ai psion of tho virus# I t  was ro ported that CUV 

was transmitted through seeds o f Cacnrhita maxim 

(Kuldiopadbyay and aaha# 1963 )* Bagarajon cad Hamakridhnan 

( 1971b) ro per tod a  Watermelon mosaic v iru s in fec tin g  saalio 

gourd which was sea l transmitted to  a l i t t l e  Qjstont# However j 

Verna a&. (1970)# F i l ia l  (1971) sad Puboy j&* <197*0 
couM not obtain sood transmission o f tho viruses# gucumig 

Virus 2Bj a stra in  o f  aiV and Snonala Virus 1 respectively#  

in  gaofco gourd*

She virus was n ot transmitted through so il*  There 

are no reports o f  s o i l  transm ission o f  the v iru ses a ffe c t­
in g  cucurbits.

Study o f  tho physical properties flowed that the 

v iru s hag a thermal in activation  point bstuoon 7o° * 79°C*

I t  was observed that as the sap was treated  a t  hLcher tem­

peratures# the por cent in fee  tlcn  m 3 decreased and the 

development o f  ogiaptama was dolsycd (Table 8)« This nay. 

bo due to  tho p a rtia l in activaticn  o f tho v iru s by :iaeat 
treatment* The delay In tho deyolojBonb o f  synptcsas m y



"be due to  tbs time toBen by the v iru s to  m ultip ly in  the 

host and m anifest the symptoms#

P i l la i  (1971) reported the T*I*P, of a strain  of 

CMV as 6o°C* However, Dubey e t  a^. (197*0 found i t  to  be 

6# -  70°C for  Cacraala Virus 1 and the T, I .  p. of Melon 

mosaic v iru s was reported as 60 -  63°C by Jaganathan and 

Ramafcrishnan (1971)*

2he d ilu tion  end point o f the v irus was between 

1t 5000 and 1i 10000.  With regard to  the H*£#P. th e ,v iru s  

resembled the Melon mosaic v iru s (Jaganathan and Ramajcrislnan

1971) having a D.E.P, o f  1*5000 to  1j750GG*
\

The IcfiKovitv in  v itro  o f  the v iru s  was 70 -  96 

hours at room temperature (32 -  35°C) and -  168 hours 

a t refrigerated  conditions (10°C). The v irus resembled CMV 

described by ELllai(1971) in  having a lon gevity  in  v itr o  

o f  72 hours at room temperature, Subey e t  a l.'(197U-) reported  

th at the longevity  In v itro  o f Cucumis Virus 1 at 5°C was 

8 days* However, Japhafchaii: and Rsmateishnon (1971) found 

that the Melon mosaic v iru s retained in fe c t iv ity  for 8 - 1 0  

days a t  5°C*

(Xit o f 33 p lant species belonging to  10 fam ilies*

8 species o f plants in  3 fam ilies, were found to  be suscep­
t ib le  to  the v irus under study. The Virus produced syste­
mic in fec tio n  o f Hlcotiana tabucumf Hicotlana glutinosa>

Canal cum annuua, Petunia hybrids and Zinnia e le g a n t  Thus,



%M host range o f  the v im s  i s  re str ic te d  to  the p lants  

■belonging to  solanaceae and compos!tae, in  addition to  

plants o f Cucurbitaceac• ChenoaoditiEi amarantjcolor and 

Vi pa a s in en sis  have been reported as lo c a l le s io n  hosts 

Oucomis Virus -1 and i t s  stra in s. The fa ilu re  o f  the 

v iru s under study to  produce lo ca l le s io n s  on such hosts  

may be due to  the 3train variation  o f the v iru s infecting, 

snake gourd.

I t  i s  reported that cucumber mosaic Virus can 

cause mosaic lik e  symptoms on snake gourd (Reddy and 

Marisni, 19635 ELllal, 1971 and Dubey e t  197*0* Other 

v iru ses lik e  Watermelon mosaic v irus (Hagarajan and 

Ramakrisbnan, 1971b)j Cucumis Virus 3 (H itra and H aiiani, 

196?)? Cucml£ Virus 2B (Verna o t a ].,, 1970)5 Melon mosaic 

v iru s (Jaganatkan and Ramakri^inan, 1971); BampkLn mosaic 

virus (b an ker e t  al« s 1972)5 Melon Vein-banding mosaic 

v iru s (Shankar and Nariani, 197*0 and Melon mosaic v iru s  

(Magarajaa and Hamokrisbnan 1975) have been reported an 

snake gourd.

Inoculation of snake gourd p lants u lth  v iru s a t  

d ifferen t developmental stages showed th at tho vegetative - 

growth and y ie ld  are a ffected  severely when in fected  a t  an 

early  stage while the e f fe c t  o f  v im s  inoculation  was not 

S ign ifican t at la te r  stages o f  in fe c t io n .



There m s  no sig n ifica n t e f fe c t  on t in  product!on 

o f  leaves when the plants wore Inoculated a t d ifferen t  

stages o f growth. But there was severe reduction o f  lo a f  

s ls e  with regard to length  and width when the p lants were 

inoculated at a n , early  stage, She offfect m s not pronounced 

# ien  the p lants get In fected  a t la te r  stages o f  growth, The 

in tern  od d  -Length m s a lso  considerably reduced follow ing  

e a r lier  in fe c t io n , The to ta l length o f  the T&ne m s  a lso  

reduced when 15 day Old p lants were inoculated  and resu lted  

in  stunting o f the plant* The plants showed a tendency 

to  produce more branches when Inoculated at an ear ly  stage 

0 5  day old p lan ts). However, there was no s ig n if ic a n t d if­

ference In  the number o f branches formed In  other cases.

I t  was observed that early  inocu lation  o f p lants

resu lted  in  e tc  pie to fa ilu re  o f fr u it  s e t  due to  the exces- 
■

sive shedding of flowers and resulted la  complete los3  in  

y ie ld , aibsequent inoculations reduced s ig n if ic a n tly  the 

number o f fr u its  formed* Vasudeva and Lai (19^3) reported  

that b o ttle  gourd p lants in fected  by Cucuais I n i s  3 a t  

an ea r ly  stage, remained stunted, spares2y  flowered and 

s e t  only few fr u it s ,  sim ilar re su lts  have a lso  been re­

ported by Kasda e t al* < 1975) in  the case o f green house 

cucuobers when Inoculated with CMV a t the eotylsdcsmry 

stage. I t  has been reported th a t the per cent crop lo ss



varied  depending on tho growth stage o f  p lants (H ills  ej> a l tJ 

1961} Fletcher o t  a l ft 1969 and Den old. and ChaUcley, 1972)*

The v iru s resembled those reported by RLHol 

( 1971) and Dubey e t  gl* ( 197^) with regard to  tho symptoms 

produced on snake gourd*

2 he v irus was transmitted by Aiohia rtossvnii and 

Aphis cracoivora* The la t te r  vector has been reported to  

transmit the mosaic d iseases o f vegetable marrow caused by 

©IV (Roddy and Harden!, 1963)* Kaiser and Danesh (1971) 

found that CHV was transmitted in  chickpea by A m is 

cracoivora* so stud ies on in se c t transm ission a lso  revealed  

that the virus occurring in  snake gourd i s  re la ted  to  CMV*

Studies on the physical properties revealed that 

the v iru s i s  more c lo se ly  related  to Cucumln Virus 1 re­

ported by Du bey e t  al* (197I0  with regard to  thermal in a c t i­

vation point. The d ilu tio n  end point o f the v iru s c lo se ly  

resembled that o f  Helen mosaic v iru s (Jaganathan and 

Rama&rishnan, 1971 )• With regard to the longevity  In v itr o  

i t  resembled a stra in  o f CMV (P iU a i, 1971).

In the host range stu d ies, i t  was observed t in t  

plants belonging to  giolanaccae and Cosapositae also are 
suscoitab le to  in fection  by the v iru s. These p lants were



reported to  be susceptib le to  CIV (smith* 1937)* Other 

cucurbit v iru ses have not been reported to  in fe c t  

Solonaceous p lants except b o ttle  gourd mosaic v iru s  

which caused lo c a l  les io n s on tobacco* Solar&ta nl^rarp and 

j§* nodiflorun ( Va&ideva and Nariani, 1992)* But the 

b o tt le  gourd mosaic v iru s d iffered  from the v iru s under 

study since the fom er v iru s  has not been reported to  

in fe c t  Solanaceous plants in  a systemic manner.

She v iru s fa i le d  to produce lo c a l  les io n s on 

Cbeaooodlum amorsnticolor or on Vima s in e n s is . However 

C* ilaaranticoior has been re per ted  as the lo c a l lesion  

host o f cucumber mosaic v iru s and i t s  strains^

The physical properties o f  the v iru s  in d icate  

that the v iru s in fec tin g  snake gourd i s  a stra in  of Cucmalg 

Virus 1. This View i s  further strengthened by the fa c t  

that the v iru s can in fe c t  p lants belonging to  solanaceae 

and Ccmpogltae. The findings of Eubey and ^arioni (1979) 

that snake gourd mosaic v iru s  and Helon mosaic v im s  ore 

sero lo g ica lly  re la ted  and formed one group i . e .

Virus 1 , also strongly support the view that th e v iru s  

i s  a stra in  o f Cucumis Virus 1.



SUMMARY



A mosaic d isease o f snake gourd (Trichosanthes 

anvuina 1 , )  caused by a v iru s was studied. The disease  

i s  widespread in  Kerala and i s  observed, in  a severe form 

in  Vellayani and.nearby lo c a l i t ie s ,

The symptans o f  the disease developed as mosaic 

w ith irregular eh lorotic patches and formation o f dark- 

green b l is t e r s  cn th e leaves o f in fected  p lants. Tin s ise  

of the leaves were reduced considerably and variously  

crinkled and defonaed* Tbs growth of. the plant was retarded 

and internodes were shortened. . The in fected  p lants 

blossom sparingly and se t  only feu fr u its .

The affected  portions o f  the le a f  were thinner 

than healthy areas and the palisade c e l l s  in  the a ffec ted ' 

t is s u e s  were shortened and lo o se ly  packed, Mesophy 11  c e l l s  

contain only very few chloroplasts.

The virus was sap tranan lssfb le . Use of carbo­
rundum as an abrasive along with concentrated sap did not 

Increase in fe c t iv ity  but w ith standard sap, the in fe c t !v ity  

was increased. Use o f phosphate buffer did not show any 

e f f e c t  on the in fe c t iv ity  o f the virus,..



The aphids, Aphis Kossyr&i. Glov. and Aphis 

craccivora Koch, were found to bo vectors o f the v iru s , 

lb s  vector-v iru s re la tion sh ip  using the vector, Aphis 

craccivora, m s  studied. I t  was found th at the vector  

could acquire the v irus w ith  a minimum feeding time o f  

J? minutes and also  transmit i t  with a minimum in fectio n  

feeding o f £ minutes. Infection was obtained when 5 °r 

more v iru llfero u s in se c ts  \*ere used per p lan t. Starving 

the aphids before acqu isition  feeding increased the e f f i ­

ciency of the vector to  acquire the v irus whereas pre- 

in fection  starvation resu lted  in  reduced in fection* The 

v iru s was not retained by the vector fo r  longer periods 

and ceased to .be in fectiv e  a fter  one hour feeding on a 

te s t  plant* So the nature o f  relation sh ip  was found to
r

be of the non- per s i  sten t type.

The v irus was not transmitted through seed and

s o i l .

The .thermal in activation  point o f  the v iru s was 

between 70 -  75°C, the d ilu tio n  end point between 1sJ>000 

to 1i 10000 and longevity in  v itr o -at room- temperature 

(32 -  3!?°C) between 72 -  96 hours and a t refrigerated  

conditions (10°C) between -  168 hours,

In the host range stu d ies, i t  was found that the 

plants Cucumis sativus L,, Cucurbita maxima L, Cucurbita



•peno v a r condensa- L* , M ootiana  tabacmn L* , XJicotlaria 

g lu tln o sa  L ,, Capsicum annuum L,, g stun ia  hvbrlda V iln . 

and f t im la e le n a n s  Jacq . were suscep tib le  to  in fe c tio n  

by th e  v irus#  The v iru s  f a i le d  to  produce lo c a l  le s io n s  

cm Chenopodium sa a ra n tic o lo r  or Virroa s in e n s is . .

I t  was found that inoculation o f  p lants at ear ly  

stages of growth induced reduction in  s ize  o f leaves* in te r -  

nodal length  and to t a l  length of the v in ej and a lso  re su l­

ted in  complete lo s s  o f  y ie ld , There was a tendency to  

produce more branches follow ing early  inocu lation . At la te r  

stages o f in fection  the e f fe c t  was not pronounced on y ie ld  

but le a f  s ize  and in tem od al length reduced. The lo ss  

depend on the stage at which the plants ore in fected .

The v iru s was id e n tif ie d  as a stra in  o f Gucumls 

Virus 1 (sm ith, 1937) based on the studies on symptomato­

logy, mode o f  transm ission, physical properties end host 

range,
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APPENDICES



O .
Abstract of 

E ffect of In fection  on

20th  day 30th  day Uoth day 50th  day
Source ---- ---------  —  ..... ......... ......- .....     —

df M.S. Of M.S. df M.S. df M.S.

Treat 1 0 .02 1 0.005 2 0.261 3 0,351

Error 28 0 .1 6 28 0.152 27 0.258 26 0,385



 X
/-107A.

numbsr o f leavea.

60th day 70th day .80th  day .90th  day 100th day

df M.S. df M.S. df M.S. df M.S. df M.S.

3 0.393 k 0.32k. 9 0.1*09 9 0.U09 . 9. 0.k38

2 6 0.1*08 29 0.399 2k 0*338 2k 0*288 2k 0.236



Abstract of 

E ffect o f in fec tio n  on

Source 20th day 30th day ij-Oth day 20th  day

Of M.S. df M.S. . df M. S. df M.S.

Treat 1 33.212** 1 22. 20^** 2 12.726#'# 3 12. ̂ 31

Error 28 0J812 28 1.270 27 OA97 26 O.2V1

** sig n ifica n t a t 0,01 le v e l.



 m m _______

Hgngfchs o f  Ib w ss

6otM ay 70thday 80th day 90th  day 100th  day

df M.S. df M.S. df M.S. df M.S. df T-I.S.

3 12,868 ** ^ 8. 901*** 5 6. 661** 5 5.830** 5 5.^63**

26 0.219 25 0,122 2k- 0.095 2*> 0.129 2k- 0.153



Abstract of - 

E ffect of in fectio n  on

Source
20th day 30th  day t-Oth day ^Oth day

df M.S. df M.S. df M.S. df M.S.

Treat 1 15 .7 ^ * *  1 13.083** 2 10.733** 3 11 . 838**

Error 28 1.107 28 27 0.89^ 26 0,388



Auom
the yjj&th o f leavea

60th day 70th  day 80th day 90th  day 100th  day

df M.S. df M.S. df M.S. df M.S. df M.S.

3 11 . 060** ^ 6.302** 5 5.083** 5 5 .9L>7** 5 5.1*K)**

26 0*281 25 0.256 2k 0.1^7 3k 0.125 2^ 0. 1U-1



A P P E II D I X

Abstract of 

E ffect of in fectio n  on

Source
20th day 30th day *K)th day 50th day

M.S. •to•*7̂%
df M.S. df M.S.

Treat
$ He

1 13^.996 1 107.866 2 8^.933 3 38.686

Error 28 11.378 28 6.618 27 3 .^ 5 26 1,835

** S ignificant at 0.01 3evel,



AMOSA
the in ter  nodal lengths

6Oth day 70th day 80th' day 90th  day 100th  day

df M.S. df M.S. df M.S. df M.S. df M.S.

3 38*090 b 18*^91 5 13.281 5 12.21*f 5 10*281



E ffect of in fectio n  on tbs

Source 20th  day 30th  day *KDth day 50th  day

df M.S. df M.S. df M.S. df M. S.

Treat 1 1*^82.67 1 13310.MS 2 16323. 5o* 3 16206. 31*

Error 28 3?C£.60 28 3638.^2 27 3715*77 26 V139.56

* S ignificant at 0.0? la v e!,
** S ignificant at 0.01 le v e l.



60th day 70th day 80th day 90th  day 100th day

df M. S, df M, s . df M*S* df M*S. df M.S. -

**
3 193^3^3+

**
*f 19913.1*H 5 18501*18+

sjs#
5 19800*38+

s{s*
3 20329*73+

26 1*099* 03 25 3700.99 2̂ t* 3^23.85 2^ 328^.20 2b 3163.05



E ffect of In fection  an the

20th  day 30th  day ij-oth day ?0th day
OUuX '

df M. S. df M.S. Of M.S. df M.S.

Treat 1 2,280# 1 0.970* 2 0.??3* 3 0.239

Error 28 o.Vio 28 0.170 27 0. 12? 26 0.106

* -  S ignificant a t  0.0? le v e l.



/am,
number o f branches.

60th  day 70th day 60th day 90th  day 100 th  day

df M.S. df M.S., df !•US, df H. S* df M.S.-

3 0.052 ** Qi06*f 5 0,133-** 5 0.106* 5 0.109*



Abstract of 

E ffect o f Snfecticn a n  tho

source 20th day 30th day ifOth day 50th  day

df M.S. <tf? M.S. df M.S. df M.S.

Treat 1 11..8^2** 1 0.2^6 2 1«21*W 3

Error 28 1.098 28 0*3^3 27 0 .1 1Q 26 0.108



j m L
mnaber o f flow ers.

60th day 70th  day 80th day 90 th  day 100th  day 

df M.S. df M.S. df M.S. df M.S. df M.S.-

3 1.395^$ **■ 0. 702** 5 0*957*$ 5 1.081** 5 1.218*#



APJMDIX VIII 

Anova

E ffect o f in fec tio n  on the nor cent 
fr u it  se t .

Source s*s*
I J  >

df M«S« E

T otal 797*611 29

Treat 568*^82 5 113*696 11,909**
Error 229*129 9 * 2 #

Significant at 0*01 3evel,

APHSHDIX IX 
Anova

E ffe c t of In fection  on the number o f
fr u its

Source S, s« df M.S. V
Totalj 5*176 29
Treat ^*020 5. 0*80^ 16*681- ***
Error 1*156 2h G*o*ia

Significant a t  0,01 le v e l.



STUDIES ON THE MOSAIC DISEASE OF 
SNAKE GOURD (Trichosanthes anguina L.)

B y

P. J. JOSEPH

ABSTRACT OF THE THESIS 

Submitted in partial fulfilment of the 

requirement for the degree 

MASTER OF SCIENCE IN AGRICULTURE

Faculty of Agriculture 

Kerala Agricultural University

Department of Plant Pathology 

C O L L E G E  OF A G R I C U L T U R E  

Vellayani - Trivandrum 

1978



AB S I R A C T

A mosaic disease o f  snake gourd fTrichosanthes 

anguina L .) caused by a v iru s, was in vestiga ted  which 

was prevalent at Vellayani and nearby lo c a lit ie s*

The symptoms manifested as mosaic and formation 

of dark green b lis te r s  on the lamina was a lso  observed.

Tie a ffected  leaves were severely reduced in  s i s e ,  vari­

ously crinkled and malformed. Growth was retarded and 

Internodes were shortened. The in fected  plants blossom 

sparingly and s e t  only very few fr u it s .

The effected  portions o f the lea-f were thinner 

than healthy areas, palisade c e l l s  reduced in  s ise  and 

lo o se ly  packed. The aesophyll c e l l s  contain only few 

chloyoplasts.

The v iru s i s  sap-transm issible and Anhis gossvo ii 

Glov. and Anhis craccivora Koch, were id s i t i f i e d  as vectors  

of the v iru s . The v irus i s  neither seed nor so ll-b om e.

The vector-v irus relation sh ip  showed that the  

acqu isition  feeding an.3 in fec tio n  feeding were fiv e  minutes 

each, a minimum of fiv e  In fec tiv e  aphids were required for  

successfu l inoculation , the pre-acquisition fa stin g  increased  

the e f f ic ie n c y  of the vector, the p re-in fection  starvation



reduced in fe c t iv ity  and tho aphids retained the v irus only 

for a short period. The virus i s  of non-persistent nature.

The thermal in activation  point o f the v irus was 

between 70 -  75°C9 the d ilu tion  ond point between 1:5000 

to  1:10000 and longevity  in  v itro  at room temperature 

(32 * 35°c) between 72 -  96 hour3 and iMv -  168 hours under 

refrigerated  conditions (10°C).

Studies on the host, range o f the v iru s revealed  

that eight species of plants belonging to three fam ilies  

were susceptib le to  in fection  by the v ir u s . The virus  

fa ile d  to produce lo c a l les io n s on Chenooodiuia amaranticolor 

or Vlgna sin en sis .

E arly inoculation  of the plants resu lted  in  severe 

reduction in  vegetative growth and complete le s s  of y ie ld  

whereas la te  Inoculations did not exert s ig n ifica n t e f fe c t  

on growth and y ie ld  o f  the plants.:

Based on the symptomatology, mode of transm ission, 

physical properties and host range o f the v iru s , the causal 

virus in fectin g  snake gourd in  Kerala i s  id e n tified  as a 

stra in  o f Cucumis Virus 1 (sm ith, 1937).


