
ISOLATION AND IDENTIFICATION OF VIRUSES OF 
PUMPKIN (Cucurbita moschata Poir)

THESIS SUBMITTED TO 
BIDHAN CHANDRA KRISHI VISWA VIDYALAYA 

WEST BENGAL FOR THE DEGREE OF DOCTOR OF PHILOSOPHY 
IN AGRICULTURE ( PLANT PATHOLOGY )

BY

SUBRATA KUMAR GHOSH

DEPARTMENT OF PLANT PATHOLOGY 
FACULTY OF AGRICULTURE 

BIDHAN CHANDRA KRISHI VISWA VIDYALAYA

19 7 6



Noe

ISi&ban ®(jaith*a Umlji Utstoa li^alaga
P. O. KALYANI, Dist. NADIA. 

WEST BENGAL 
Telephone :

' Dated......................................................................J97

Dr. S# ffluhhopadhyay, n,Sc,(Cal»), Ph.B.Crilssourl),
Reader, Department of Plant ethology, 
faculty of Agriculture,
Bldhan Chandra Hjrishl Vlswa Vidyalaya*

y c J/# *: ‘ Vt*
' V .

' /-

this is to certify that the thesis entitled •’ 
» ISOMiiOS AID II)J1ISI FI CA5?X 01 OF TOWSs$h ,<#.HKfflKlK 
(Cucurbits aosohata Polr )• submitted in fulfilment of 
the requirement for the Degree of Boo tor of Philosophy 
in Agriculture (Plant Pathology) of Bidhan Chandra Arllhi 
JTlawa Vidyalaya, is a record of bonafide research carried 
out by Sri Subrata Kumar Ghosh, under my guidance and 
supervision and no port of the thesis Ms been submitted 
for any other degree or diploma.

Sol Ghosh "worked in the Department of Plant 
Pathology, Faculty of Agriculture for three years as 
Research Fellow under the project * Studies on Cucurbit 
Viruses in Seat Bengal*. During his stay in the Department 

, and association with me as a student ho earned diet taction 
n for hls?amicable manners and good behaviour.

* Assistance and help received during the course
of investigation and sources of literature have been fully 
acknowledged..

,.V
(S.Huhhopadhyay) iffsf?k



n«£•
r~*y*

M**y deep oossc rf gratitude and indobtodnosa to 
nT.^Jiahhopadhyay* ii,.ic,(dal,), . (Vlooourl), ‘leader ia .'Plant 
Pathology, faculty- of Agriculture, Xldhan Chandra .driahi Vlowa Vidyalaya 
for oi^geotlng.'thb problem, inspiration and guidance throughout the 
course' of investigation and pa las taking interest in the preparation 
of the aanueerlnt*

. Hy sincere thands are due to Hr,3,IJ,0battopadhyay, n,0c,-(0al,5, 
(load,), B,I,C, (load,), • Vice-Chancellor, Bidhan Chandra Arishi 

Flowa vidyalaya and jotutohat V,Vc.(0alt), ]&, Z>«(I>oad*) # B, I. C»(load,), 
Ho-ad, Bepartacnt of Plant Pathology for providing fbcllltieo and valuable 
suggestions during the course of present" investigation.

!5y grateful thanks -are due to Br ,P, Sadhultban, Bio-physlcs 
laboratory, Saha Institute of JiuclGcr Physios, Calcutta for providing 
laboratory facilities and continuous help during oloctronalcroscoplc 
stwites with, the virus isolates,.

Grateful thanks are due to pr
iir, A,!C,i5.i‘kaisert tir* "d.

..toati->*• a, Reacter,
'Miaoin of the fieparteiDnt of Plant pathology,-

and £r ,15,5,Choudhuri, Veterinary Gurgoon, Bidhaa Ohaadra iCriohl Viova 
Vidyalaya for their help during oer&logical studios.

rhanteo are due to jar ,11,5., Xebb, G.G,-J.A. and Br,3.IJ,Capoor# 
Plant Virus Research Institute, Poona, India for providing seeds”of 
oo®3 indicator plants for tooting tho virus isolates. Vhaako are also 
due to Pr,..i,I».3t0erol Q.S.B.A, anil .;)i?,D,r,Ilaycliaudliurl, formerly i£?ad, 
XI vision of Vycology and riant Pathology, Indian Agricultural do search 
Institute, Ifew Delhi, India for their valuable suggestions on different., 
techniques for Isolatomand identification of cucurbit viruses durtngr'' 
their visit to this laboratory.

Grateful thanks are duo to Indian Council of Agricultural. 
Research, How mllii, India for providing UccearcU Bollowohlp under 
tte project •* Studios on Cucurbit Viruses in Vest Bengal", during 
the tenure of which, this work too carried out.

Aosistance and help received from Br,A,&, Ilu&bopQdhyay, 
Header, Department of Agricultural Choolotcy and Soil dcionce, 
Br,rf#ii,Gupta, Header, iaportreat of Statietics and Br,T3.doyf Deputy 
librarian, Bidfeaa Chandra iiriohi Vlc./a. VidyaXoya arc a loo fully” 
acknowledge «l .

Finally, I am grateful to all of ny colleagues for 
their oo-oporation and ha Ip throughout the course of investigation.

iialyani
Bated lvj5 39T^o.

ftimar Ghosh)

A C A
IM* IMI «W|4-W*rt

n
"inaii
'■■'ii?!

C
!M

5n
■'-It!f!
pnf-jiii!5*

D
IJit



Ill

mmwissiQS

as?w of wraaiisaaa
tmmms am m®mm

• ♦ •

• * •

51

4, Incidence of virus diseases * « * 51
B, Sap traasmisoiMlity of type II 

symptom complex. 51
0* Separation and Identification 

of Isolates of 2ype II symptom 
complex. ♦ 52

a) Determination of Physical 
properties of tho isolates. # ■* f 53

1. Determination of iliernsal 
Inactivation point of the 
isolatee. 35

■ Determination of .Dilution dnd
Point of tho isolates. • * « 54

5. Be termination of Ageing 
in vitro of tho isolates. '% * « 34

fe) Host range of tho isolates. * • * 55
o) Insect Iransmlsoihillty of 

tho. iaolatoa. * * » 59
4) £loo tromalcroscopy of the 

Isolates, • • • 44

e) Serological relationship of 
tho Isolates. • • • 46

B, Biochemical changes In the leaves 
of Qucorblta Moechata Polr plants 
lAC^ia^o5'rwli6"3If^a?ent virus 
isolates at different stages of
pathogenesis, ... 50

* -
<

r* 
w

%
■*

M

MW



IV, U ii «v G li 2 s'

A, Incidence of virus diseases

S, Sap 'trcnxGniaslbility of :ft?po II
oyaptoia complex# ' lt,

G# Identification of toolstos of
po n oyiaptoa complex, M,.

q) Jotormitxatloia of Physical
.properties of tho isolates, •••

1- i& toraina tioa of Ibersaal 
imetivatloln -point of the
isolates, ~

S, Jjotorniaattoa of .Dilation 
fJsd Point of tho isolate©#

3* JQotomimtioa of Assist
in vitro of tho isolates. ,»♦

b) 'float rano© of the Isolates,

c) Insect ’iranociigaibiltty of
tho Isolates, .,*

a.) fleetrcaaiorosoopy of tho
Isolates# ,,,

©) Serological relationship 
of the loolatos.

a) Detonainatioa of chlorophyll ooatoat 
(a,b uni total) ...

h) letoiiainatloa of buffer soluble
protola content* ...

c) 'Poiox'atmtion of total (2CIi
precipltable) sap protein 
content*. , *,

d) Deterclaatloa of reduolac
ouAur and starch content, ,,,

ioteralmtio£'. of rlboauclolc 
acid (adii) content.

€> w

<§

in

U
3

V
rf

vn v«
M

l
vo

V
)

V
O

m -T
i

o

o
"«
3 O

-e
j

ro
■U sn

m
A

v
>j V
0

«sj*
’



158* 4 «

• 4«

♦ # •

'• ♦ *

c) iJetermimtioa of total ($C& 
free! pi table}- sap protein 
content,

d) Determination of reducing 
sugar and starch content,

e) -^termination of ribonucleic 
acid i'BM) content.

a) iso termination of,chlorophyll 
content (a*b and total).

?1, S 0 U n U! ,,, 208

TO, 'BUUOOaAJBI Cl) - (acvli)

b) determination of buffer soluble 
protein content. 155

d, Biochemical changea In the leaves 
of OucurMta moschate plants 
inoculated with different virus 
isolates at different stagoe of 
pathogenesis. ## « 146

oMca£3-03

►
4

A>
 

■
4* G
%



2il 3d. OF CftKiiCfl
3j* bj o.e t; Sage

'MWtasnlnUBvV'

liame of the plants oogcI ia the 
study of boot range of tt& isolates 
obtained from fype xl symptom 
complex of paapkln (G.naBobat® fair)

36-30

ilelatlvo incidence of virii® til souses 
of pump&la (cucurbits aosohata Foil?) 
ia different cUstrieto oz €oi't Bengal 
during Fobruary-L’areh 1973, 60

Symptoms of vims disease® of 
pusn&in (Caourbita mooebata lair) 
ioumi In th;- fiol3s of 31 Sercmt 
districts of Cost Bengal during 
l^braary-llarch 1973 61—62

ids dative iaoldoaco of different 
typos of field symptoms of virus 
disease© of puapMn CffacitrMta
oosebata Folr)ia Sifiosoni 
oTotri'cfo of Cast Bengal during
Sa bruary-:.& roh 1973 63

Gap tranoDlsoibl 11 ty of fyp© II 
symptom oaaplox of pusp&ln 
(Cucurbits mooobata lair ), JS» t**6S

cSypjQ of symptoms obtained from
Syp© It symptom ooaplcx of
C, iaoso-hata Coir on sap trans- 
mtoSion 66-69

lufootivity of tbs standard iuooaM 
of different isolates obtained from 
Type II symptom complex after 
treating tliem at different tempera­
tures for 10 minutes. 75

lafectivity of tho standard inooula 
of different isolates obtained 
from fypa XI symptoms complex at 
different dilation 76

BetarmlnatioA of ageing ia vitro 
at room temperature 24-3SW) of
different isolates of Type II
swap to® eoaplex, 77

j s* o tjfc
£J O

’
•t
*

cy
m

a|W

IA

C
\

-4
G

3

€A



Chlorophyll £ content of the leave® 
of puspKlh (c^mooobata Mir) plants 
at ttoPeo d 1 MamWWm^Qs of pathogen 
nesis after being Inoculated 'With nine 
imep&in virus isolates* 151

Sotol chlorophyll content of the
loaves of pumpkin CG.sogefeata Mir)
plants, at three dif&roat .stages
of pathog&aosle after being
inoculated ?/ita the nine pusspkla
virus isolates, 154
differ soluble protoin content of the
leaves of puspkin (C.moQchata loir)
plants at three di&eircnV stages of
pathogenesis after being Inoeulstsd
with the nine puapkin virus isolates, 15?

10

10 Chlorophyll a content of the Mama -
of poapkin (0, sioachata Mir) plants 
at three dlffereiil.stages of pathoge­
ns eis after being inoculated with the 

1 nine popkin virus isolates.

1J Serial transiaission of the Isolates
at ovary 24 hours by the vtnftifhrcac • 
Aphis ifoeoypll Glover, flyeus poraloa© 
'Sola,' amTMilsia tabacl ciia. on 
J2* ^.osote^;Mli”oIantiu

(ii)

'Sable lluabor U U b | © C t 6 Bag*

3a Infoctivity of the standard, inocula 
of the isolate 4- whoa stored for 
different hours * ?Q

10 Comparative physical properties of 
different isolates of fype II symptom
complex* 7$

11 lost range of the isolates obtained 
ism Cucurbits moschata Mir, 82-83

■•
4.

©
C

Ti

43
b

4a%
jomBMO 

•■ 
M

i ® 
■*> ©
s* 4»
as© 
& ms-•H

43
l> 

C
S 

a 8
i4T

 
_ 

m
m

 m 
ona
© © 
w St
M

M
«£■O0s £4

* «M4»<3 ©
 

M Q 
©

#
hSo o

M «
SIM
8mM

 3
«» f!
<3 

£►

m
A

#9 M a
© Si
O 

^
•pH
I M

i-.,
‘-iM

lSj
•I PI
Q d3 
H &

J 
3 01 
3 O

f

m ©
} •

PM
®

a
 *ss m
'P- 3

S
 <4 S2

■«
*b



23 iUboattcloic acid U\M) content of tbs
leave® of pmapfeln (0, ooocbata Fair) 
at throe different ota^aToSTpatao- 
gemsic after bains inoculated with 
the nine pupphir, viruo isolates*

deducing GUepr content of the leaves 
of puophin (C,ooaohata loir) at ths^e 
different otoLpo ci pathoGcaeots after 
bo lii:'j inoculated with the nine
poaj&in virus isolates.

22 Otarch content of the loaves of
pallia ( d.ssioeofaata Poir) at throe 
differ cat stegee of pathogenesis 
after being inoculated with the nine 
pmnkia virus isolates, 166

(iii)

Sable Humber 3 u b ,1 o c t 2am

20 Cotal (i’Cii precipltable) sap
protoin content of the leaves of 
puaphin ( Q.ooachata foir) at 
throe different stages of pathogenesis 
of tor being inoculated with the nine 

' pupehin virus isolates, 160

A
# & V
£>

«*
•#

» o

cu



mm

tmm

mvM n

mss vn.

PM2iS VIII

HA £3 IX

HA23 X

HAfa XI

PMtea XII

XIII

S9W» XIV

Plate mater

mm %

mm ii

msas ni

MSt OP £1X233
S ub :1 o e 1 - &*&>-

Different types of leaf symptoms 
observed in virus infected pumpkin 
plants in the fields* 60-61

Different typos of leaf symptoms 
oboei-ved la virus infected pumpkin 
plants in the fields 60-61

Different types of leaf symptoms 
observed in virus infected pumpkin 
plants in the fields* 61-62

loaf symptoms of different isolates 
from type XI symptom complex* 65**66
leaf symptoms of different Isolates 
from type II symptom ccaplex 66-67

loaf symptoms of different isolates' 
from type 11 symptom complex 67-68

leaf symptoms of different isolates 
from type II symptom complex 63-69
Bnation symptoms duo to Isolates A0 
and An on the underourfhc© of 
pumpkin leave 68-69

Symptoms of different isolates on 
Larenarla vulgaris 80-81

Symptoms of different isolates on 
lamaarla vulgaris 85-86

Symptoms of different isolates on 
I’rlchosanthea amuim 95-»
Symptoms of different isolates on 
frlchoaanthos aivmina. 95-94
Symptoms of different isolates on 
lufm acuta n/mla 101-102

Symptoms of different isolates on 
CitrulluG lanatus cv. Charleston toy* 107-108

w <3



Hate Humber

(ii)

3 u b .1 e o t

mis xv

SJA5EB XVI

MATB MtU

mis ux

m

tMfi XXI

mts xxii 

MATS MUI

miTti xxi? 

mss xx?

$&A3SS XXVI

Symptoms of different isolate0 on 
Oueurblta reno ov* .Early Prolific

Symptoms of different isolates on 
Caourblta oqso or, Early Prolific 
'Straightneck

Symptoms of different isolates on 
Cucurbits pepo ov, Early prolific 
Otralghtnook

Symptoms of different isolates on 
Cucurbita oeno or, Early Prolific 
straightnocS

Symptoms of different isolates on 
Cuoumls mole (Cantaloup© Selection
wwm “■ ■

Symptoms of Isolate A8‘ on Oaoumie 
aativua or, long Oreon

Symptoms of isolate iU and A>- on 
Petunia hybrids. 4 0

Sloctroamiarc^^pbs ©f the particle® 
for different isolates

Eleotroaalorograph® of the particle® 
for different isolates

Electrons!crograph® of the particle® 
for different isolate®

Antigenic relationship of different 
Isolate®

Antigenic relationship of different 
isolate®

♦ ®

Bag®

110-111

111-112

113-114

113-116

117-118

124-125

129-130

159-140

139-40

139-40

143-144

143-144



152*153

155-156

158-159

mm.

141- 142

142- 145

143- 144

146-147

If of OS’, j!J&3 FlCHlihJtS

vl b ;l q 0 t

mlc relationship of different 
isolatos

Antigenic relationship of different 
isolates

Antigonie rolationoblp of different
isolate©

dialoropbyll a content of tlio loaves 
of poLipiiisi (TLaoachata Polr) plants
at t Jar jo difforcmu stages of patho- 
ganooio after being Inoculated with 
the nine i>uni4-;ia viruo. isolates

Chlorophyll b content of the leaves 
of yump&ln (“.ooschata £5oir) plants 
at throe aiffoffoiii1 'stages Of 
pathogonoolo after being inoculated 
with thu nine pumpkin virus plants

Sotal chlorophyll content of tho 
loaveo of pumpkin Cu.so0oliQ.ta foil?} 
plants at throe tilfforonF*i^ago0 of 
pathogesBolo after being Inoculated 
with the liiae pumpkin virus isolates

Auffor oolublo protein content of 
the loaves of pumpkin (O.taooohata Poir) 
pleats at three different "stages' of 
pathogenesis after being Inoculated 
with the alae pumpkin virus isolates.

jotaECfdd prod pi table) sap protein 
soatont of the leaves of punphla 
[0.noahhata loir) at three different 
jlaoeb oirpitho0eao0ta after being 
LnoerJoted .with the niaa pumpkin 
riruD 1 sola tea.

iioeudlag Oii;’pr content of the leaves 
of pumpkin (£, aoschata loir) at 
throe different stages of pathogenesis 
after being inoculated with the nine 
•.napkin virus isolates.

•c
* o I 8

161—162



(It)

S.u h ,~i 0 G t m

vliWStarch content
pusipiiia ( 0, laooolmta 
throe different ‘ota, 
pathOQJseels after

at

la ted with tfeo

of
: iaoeu* 

Bias tsmbkin

.©as
!*>-f

viswo isolates

.■lihomteloio acid ftU.a) coatasr 
of tho leavao of jiiiopkia 
(0. aoaohata 4?oir) at three 
dTflereaFc^io^h of jpathogens! 
after havoc; inoculated with 
nine pumpkin vlsm loolatos

tin
167-108

/



faapkia (Cucurbit© moechata ’Zotr) is an Important 
cucurbi taco quo crop of l-ost Bengal. ihio crop is grown is most 
of the districts of this State either as owr or'as rainy season, 
crop* ■ Is the districts like liooghly and Burdwan* this crop i© 
usually .cultivated as cospaiiion to potato or as an additional crop 
la between potato and rlop or os a second crop to rice* && such, 
a large portion of the total cultivable land in \7eat Bengal is 
utilised for growlag this crop. 2ho common varieties* that arc 
grown in this area are usually belonged to two broad .categories 
namely somaor pumpkins and rainy pumpkins. 2bo yield potentials 
of these varieties are not very high and the average yield lias bees
estimated to be 7 *2*7 to 10* DO metric toso/aer© (Hand Boob of 
Agriculture, Indian Council of Agricultural .Research* 196?)*

Pumpkins arc grows to Coot Bengal* primarily as a vegetable 
crop, Because of its low cost of production* this vegetable is 
oold is the market at ,a comparatively cheaper tote* As a vegetable* 
it is a good source of carbohydrate* Besides, It i© also a good 
source of many vitamins and ninetola, .dips pumpkin fruits are also 
industrially important. It is used in preparing sweets and ^aias.
It can also bd candied or fomented to glvo a beverage.

Inspito of the 'aide use of pumpkin-as vegetables and as 
raw materials for several industrial products* the management of 
this crop to the- fields still remains to bo very much neglected. 
Very limited work to© so far b.cm done on the diseases and pests of
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tills crop* As for diseases, Gaha (1968) and Sue (1971) found the 

largo scale incidence' of virus disease# in. tho field* It Is, 

however,, known that there occur at least 17 types of cucurbit 

viruses (Oartya, 1968) eat most of thus can infect pumpkins on 

inoculation. But no informations are, however, available on the 

viruses that usually infect pmpkins grown in the fields, of 9»st 

Bengal, Identification of the local pumpkin virus©# was felt 
essential, in view of tho fact that ouch a study is a pre-roquiaite 

for any hind of varietal improvement i^ogramaas, oo that the improved 
varieties may bo tosted agaiast the specific cucurbit viruses# 
lloreover, epidemiological studios with the cucurbit viruses known to 

occur in this State, my also be made for recommending feasible 
control practices, Broa this point of view, the present study os 

the isolation and identification of the common pumpkin viruses in 

Best Bengal has boss undertaken.



Cucux-bita oosohata Poir belongo to the family Ouourbltacea®.
Moat of the opocioo of this family harbour a wry specialised group 
of plant viruses which usually Co not infect plants belonging to other
faiailios* Store, howovor, occurs a few cucurbit viruses wMeh can

«

also infect plants belonging to a wide ©cantor of faallios, iSartyn 
(I960) reported that at least seventeen cucurbit viruses my occur 
in nature which include Arabia mosaic ( Gucuobar stunt mottle), 
BottlogourS mosaic, Cucumber green settle mosaic, Caoudbar necrosis, 
Oueunbor nosaio, Cucurbit latent, Cucurbit oooale, Melon mosaic* 
HfcujtaaoXon necrotic opot, riuskwolcii vein necrosis, Pumpkin nocaic, 
Bttnpfein yellow vein nocaic, rje.uash nocaic, -Tobacco bodcIo, Dobacco 
ringopot (Cantaloupe nocaic), cucumber ringspot and Catcmclon 
mosaic virus. Of these seventeen viruses, only five viruses namely 
■Cacuabsr nocaic virus, Sg.ua oh mosaic virus, Cucumber green not tie 
mosaic virus, watermelon mosaic virus and, sunpkln mosaic virus' have 
boon studied in details by several workers while infovmtiom 
available oa other viruses are Very ouch limited.

Cucumber Mosaic Virus (COT)
Physical properties

She first virus that has bean isolated fren Cucurbits 
is COT or Ouounbor virus 1 (Doolittle, 1920), rifeo thoaaal inactivation 
point (2IP), dilution end point (£131?) and ageing In vitro at room 
temperature for this virus have been reported to bo 60°C, 5 x 10"*^ 
and about 6 days respectively (Mndberg ot al,, 1956| khUier, 1969)*
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Mg virus ma found to bo transmitted by Gap 

(Dimer, 1928), Aphis noosypll C-lovor (Doolittle, 1984), rjyzus 
ncreioae Sals* , O, poQucioaolani Shoob,, ||, clrouafle-ms Buekt, 

aM tsacroglphuai ouphortoo (llojgaa., 1929)* Ooudriot (1962) observed 
tho transmioalbiilty of this virus by rusty plm aphid CfjystsroaQura 

satariao ), Jwo additional insect vectors namely Phorodon huault 

(Schraak) and P, cannabis (Paoa,) for this virus have also been 

reported by Schmidt and Karl (i960)* According to Doolittle and 
Uallior (1925) the virus could bo transmitted through the seed of 

wild cucumber ( tlicramoolio lobata ) but not through the Good of 

tbs cultivated cucumber*. On the othorhand, Bowlcy (19235 considered 
that the virus was sood borne in the cultivated cucumber, Lhhoney 

(1935) offered ovidonco that tho virus me carried in the seeds of 

muskmolon (Oucumio aelo ), Vaoudova and Envoi (1945) suspected the 

infection of watermelon Goods with this virus. Similarly, riutehopadhyay 

sad Saha (1968) also suspected that the virus could bo transmitted 
through the seed of Cucurblta moochata.

Host range and, local lesion hosts

floor (1922) and Doolittle and Calker (1983) 

observed that this virus had a wide hoot range and it aloe could 

infoot plants belonging to families other than Guourbitaoeac, 

Doolittle (1921) observed that OH? -produced different symptoms in 
different heats, Considering this variation QIW vjqs erroneously 

reported so Southern Celery mosaic or Calory virus 1 (U'elliaan* 1934), 
Mly mosaic virus (Price, 1037) r Infect ions Chlorosis of Banana
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(Hagod, 1940), A mosaic disease of calory which was probably 

due to this virus has been reposted in Italy by Qiganto (1936) 

and ho stated that the .insect vector In this ease has boos found 
to b@ an aphid, Cavariolla pgstinacao.

Dili and dalkor (1952) reported .that Ooirpoa could be 

used as local lesion host for assaying GB?, Hsehdtewoit (1955) 
reported the uoo of Ghaaonodltaa cmiaoa as indicator plant for 

this virus, later on, 0, acaraatlcolog ms also reported to be 

a local looioa hast £ or this virus C llllno @t a|.M 1969), S&lliagi 

(1959) reported two more plants mmoly g-omhreaa 'globose, asid 

Spinaeea oleracea which could act as indicator plants for this 
virus.

Earticle length

3111 ot al. (1952) found that the steps of the particles 

of OMV wore spherical having tho dtaaoter of 35 tyu opprosimtoly 

but Scott (1963) and Gorola et al, (1965) roportod that the 
particles were isodiaoetric. and noaoured 26 to 30 tyu in diameter, 

teaat (1965) reported that the particles were actually polyhedral 

etither than spherical and about 30 nyu In dlaootor.

Strains

Eewley (19S3) reported two typos of CDBT in Great Britain, 

one resembling Aucuba typo, oharactorisod by localised yellow 
patches and the other marked by mottling and blistering- of the 
leave© and stunting of the plants,. Price (1934) tabulated the 

reactions of this virus on contain differential plants and described
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ttUn cucumber Urns steins*' a mosaic aiooasc of vegetate marrow 
was described by Ogllvle and mailman (1921) 4a 3nglaud which 
showed symptom tulte different ten that described by Doolittle 
4a America (1920)# Shsro seamed little doubt that the earns virus 
©i? a stmla of it affected vega table marrow both 4a America' and 
Europe hut there is still uacertaiaity whether fee virus causing 
mosaic, of vegetable marrow is CO? or a stela of the type virus* 
Bhargam (1951) reported "Spinach stein n of OH?# the occurrence 
of this stein iator1 was confirmed, by Raoololt (1972)# Simmons 
(1998) reported that Southern Cucumber mosaic virus and Popper 
Calico virus were the steins of COT, Boddy and llarlanl (1969) 
also reported oat strain of It from vegetable marrow, Orellana 
and Quacquaralll (1968) reported "Sunflower stein * of C3? and 
designated as CJW-3F, Goal and farm (1973) reported a mw strain 
of OS? and designated it as " luffa stela * and a new insect • 
vector# Brevicorvae brassieae of this virus# Similarly Seth an® 
Bayehoudhuri (1973) alee reported another now stein of CQ?V Beccal&ai 
Qatascccth and' tovioh (1973) also reported ©no mm stela of fM# 
virus from Seora plants and designated it as (OT-Isc#

Balationship with other viruses

lliah (I960) reported a direct serological relationship 
between 013? and PS?«W (Peanut stunt vims - last era )♦

Squash. Efesaio Virus (SU?)

’ Physical uromrtiog
She occurrence &£ this virus me first suspected by 

Kendrick (1934)# But the virus was actually identified by fmitsg
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(1941a,1941b; 1996) and thus hio work has boon accepted as the 

first report on the incidence of fehlo virus disease* Eh® EIP,
PSP and ageing in vitro at room temperature for this virus have 
been found to bo 75°0, 10*^ and 6 weeks and 6 months at 6% 

(sroitag, 1941a)* Ehooe preliminary observations were later 
confirmed by Preitag (1956), Lindborg et al. (1956) and B3>-Hadidl 
et al. (1966). According to their observations the ftp and IBP 
of this virus lied between 70 to 75°0 and 1(T* to 10“^ respectively*

Sransmlscibility

It was found to be transmitted mechanically and 

also through seed ( Kendrick, 1954| Middleton, 1944s Grogan at al«, 
1959s mine et al., 1969). Eransmiseion of 3£iV by the beetles 
ms first demonstrated by iroitag (1941a; 1941b? 1952; 1956). He 
observed that western stripped cucumber beetle (Mabrotica 

trivittata fabr. « Acalmma trivittata (!Snm.) ) and Western twelve 

spotted cucumber beetle ( D.eoror » D. undecimmnetata (Barber) ) 
were the vectors for the virus. Sitterly (I960) and laatra (1968) 
respectively recorded that B. balteata lec.-aad A* thiemel thlemei 

could alec act as vectors.

Host range and local lesion hosts

While describing the hoot range of SMY, Middleton 
(1944) recorded that the disease could bo produced by inoculation 
in 15 specie© of plants distributed in 11 genera within 4 families. 
Ho did not however, mention the names of the families, genera 

and species concerned. Ereitag (1956) demonstrated the ability of
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this virus to infect ixisy neabero of the family Cucurbits eeee 

ouch as Gitrullus vulgaris, Qucurbita aaaciaa, 0, votrj ami 

Cuouals oativua but not the oonboro of other families tasted ouch 

as Hicotlaaa tabaouo, n. gastlea, ifotasa st^nonium, Yimrn elnongla 

and Simiia elegano, Deiean and 'foyer (1961) eonfirood fret tag *s 

observation but they did mot find may infection in C, vulgaris. 

Cohan and Ultsany (1963) in Israel observed the qysto&le spiptooe 

of this virus in Cucurbita moschata and dcbalium olaterlunu

\Cohen and ITitcany (1963) observed sporadic local lesions 
on G, qaaraatlcolor when inoculated with. 3137 during winter season, 
lastly ot al, (1975) reported tint Cucuala oetuliferous could be 
good local lesion host of this virus.

Bartiolo length
fahaliaoi. and iTowllns (1947) found that the 'shape of the 

particles of tCSV was polyhedral with average diameter of 30 cya. 

Subsequently, may workers node olectroioicroacoplc stud too with 

this virus but the average' diameter recorded by them varied-to 

sosp extent,, dice ot al, (1955) found the average diameter of' the 

free se-4r led particles to be 50 cyu, He Icon and Oilbrath (1965) 

recorded it as 20 nyu, Madborg ot al, (1956) found it to be 

36,7 syu, iib-indidi ot al, (1966) observed that the average 

diaooter of this virao varied bo twee a 35 to 37 tya, Xaotra and, 

lsum (1969) confiraiGd the observations of liolsoa and Uilbrath (1965),

Strains

0ecurron.ee of different strains of 007 was first pointed
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out by llolaon ot al, (1969)* 5Sioy have found tint an Isolate 

from Arisona differed iron the typo collection in ita host 

reaction*. It produced mild mosaic on aguash but marked stunting 

and leaf distortion on watermelon, According to them* this isolate 

infected only the members of Cucurbitacoae and vaa not transsittad 

by Acalymoa trivlttata. 2ho physical properties of this isolate 

was also found to differ from the type virus, IThsfe serological 
tests mm made, the Arizona isolate ms found to bo related with 

the type culture but not with any otter virus, from these observation 

liaison and Ms workers designated this isolato as Khtoracloa Stunt., 
virus (UDV) apd recorded it a a a strain of S;l?, later* Knhutasn 

and nelson (1963) designated this isolate aa SU?*W* .Knhutsea and 

Helsoa (1968) and looaki (1969) also worked on aany other isolates 
and recorded at least 6 strains including 30¥-f, flicy designated 

the strains as anr-o* smv-1?, .smr-S3, 'Sm^r (10-28-4), snv-l?(4-25-26) 

and SUV—If * According to thoir observations ST.1V-C and s:W~& caused 
sever© systemic mottle cad distortion in G, loonft and very mild 

mosaic in d, aelo. lloao of them could infect C, valmrlB. SKT-M 

also- could not infect 0* vulgaris "out it produced mild mosaic both 

in S, Ido and 0. aolo. 3T.1V-S? (10^28-4) and Sli¥-$ (4-25-26) caused 

chlorotic rings ia C, do no at the beginning ©1' Infection which 
later transformed into slid-mosaic, 2h® mild mosaic caused by the 
later strain only was found to persist* Bocides that, those two 
strains also differed in their reaction to watermelon* .
(10-2Q-4) caused sever© stunt, necrosis and chlorotic lesions but 
Sliv-17 (4-25-26) caused only mild mosaic, She ntrain SHV-Y me 
isolated by 33emoiii, 2Mo strain ms found to Induce chlorotic



rings in C. no no on the first 2-3 leaves with mild mottle on the 
last formed loaves,. It was also found to canoe local lesions on 
Black diamond watermelon. All those strains, however, could sot 
ho serologically differentiated. From this stand point,, only two 
strains could he categorised, one which could infect watermelon 
and, th© other which could not*

Helationehl-p with other viruses

SIo direct serological relationship of S3? with any other 
viruses has been reported hut two serotypes of 33? were obtained 
by using serological technique by Knkrdtsen. and riels on {1308), 
liaison and Enhutsen (1973) also observed the variability of 33? 
Mo type o on serological comparison,

watermelon Mosaic Virus (17LSV)
Physical nroparties

Occurrence of tff.37 was first ouspooted by walker (1933)* 
He also described the symptoms of tfeo disease produced by it,. Eh© 
SIP, SEP and agoing in vitro at room tempera ti**© for this virus 
wore 05° to 60°C, Is 10,000 to 1$ 30,000 and 9 to 10 days 
respectively (Anderson, 1954a)*

Era nsmiseibili tv
It was found to he transmitted by sap (Anderson, 1954aj 

Eoba, 1962), .Aphis gossypil (walker, 1933| Van Rogenmortel et al,, 
1962) and ?ivaus ooralcae (Anderson, 1954a, Eoba,1962), Gou&riet 
(1962) reported lettuce seed stem aphid (l5acrQOiph.ua harri ) and 
rusty plum aphid (Hyateroneura sotariae) as vectors of vII¥V

o
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Host jeanPiB . and local legion hoot3

Anderson (19541?) reported the iafectlvlty of vm to 12 
cucurbitaceous oropo, .Lindberg at q1« (1956) identified ill? £em 

plant® belonging 'to other families* Xofeetlvity of vegetable 

laarrow by this virus has tjaoa found by Bhargata and Joshl (I960) 

and AMorson (1961). lioauro (1962) reported the infactivity of 

cm isolate of Hii? to 3bea» poa and broad bean, Bat foba (1962) 

and i&gasnjcm a ad aasia&rishijaa (19?1q) ro posted that the host 

range. of MW mo restricted to Suourbitaoeas, 2oba (1962) further 

reported that ncoorcUoa. baloamina sight bo the eosBooast vdM 

roeorvolr of this virus in Hawaii* Poster .and semis ’(1963) 
reported oyaptoaloos teaffintssloa of a local strain of W4? in 
somo cantaloupe breeding Itoa,. laouyo (19645 reported an isolate 

of utl? that could infect (toourhitaooae, broad boas, sweet pa, 
beano, crimson clover, Astragalus sinlcme, Crotalaria aneotahllia 

and sesame, Variation la host range of WM has boon reported by 

SebaolBor (1965), Bhargava and fmmri (1970) reported ggichosantbss 

dioica as another host of iXlV# iloloar and Sohaelsor (1964) 
observed a wide hoot rang© for a strain of OTV According to thta 

71 plant species la 17 plant families proved susceptible $ of thee*, 
45 apoeioB became oyatomically infected and 2© reopondod with 

local looione only,-

Sahmslser (1965) found lovatsra triooatria as a good 

indicate plant for PiTVv £* olbtae and C, etrictua haw also bees 
found to react ®7ith this virus by producing local lesion© {Iteaa&i, 

1968).



Particle lonsth ■

fan Sogenaortel (I960) found that a typical lv!if laolat# 

of Southern California mst a £lesmm rod having a modal length of
ei 6*-

TOO to 800 a 13 cyu, Van AcQiimortel^C 1962) further studied 

different iooiato© of Hi? aaa reported that the virus particles 

wore flGxuouo rods of 125 15 sya in oi&e, Incite (1964)* hmmov
reported the length of XRS7 particles as TOO to QOO..Ey»*, Qohaolzor 

■(196$) - observed that tho- particles of both Omten, ami .■jaraixaan. 
isolate of vvnv wore fill fossa with normal length of 750 syu* 
Itjyohbudhuri sad Varna (1975) reported the virions of vagstable 

earrow Isolate of A? ae flesuous 'filamentous rods oaasuring 720 to 
760 2 19 nyu, Purciftsll ot al> (1968) reported that a preparation 

from Lapin, infected with hLiv ohouod filaaonts of 765 Dyu in length*

Anderson (1954b) reported two strains of vjhv* 
designated as typo strain ( ramor oitrulli) and the other yellow 

' strata ( |I«H* flavidamaa or yellow '.At?) which wore dlffos^stiaved 

•on their stability la physical proper ties and difi&rene© in host 
reaction* Shese strains of win? could be distinguished on the 
basis of thoir reactions on oquash. a ad citron pleats* Iroa virus 

smpkQB ioolatod in Juropo* Cuba and South Africa* Bolnar end 
Schsielsor (1964) differentiated throe strains designated "Qosspral 
vateroalcm Mosaic Virus’*, tbo only one found in fiuropei °Speoific 
r&tormolon Mosaic Virus* f aswly reported fifon Cute and *" South 

African uatenaolon cooaic Virus*, daychoudteri ami Varraa (1975) 
reported two strains of l£JV, one causing mosaic of pasag&in and the
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otter mosaic o£ vogetable marrow, l?iopkin isolate was found to 
bo restricted to Cuourbitocoao whoroas vegetable marrow Isolate 
bad wider boot range. 9hey further reported that none of the 

viruses ms oood transmitted but both isolates were transmitted 
by Aphis eracoivora. A. Toaoi/pil. A, naril, K, perslcae and 
lihoohaloainhum laalflis.

Considering the report© of different workers frpa 
different places it was observed that UK? consisted of may unrelated 

viruses and thereby all the isolates of XSS7 have toes grcaiped into
■two groups namely ’'CIEJV -I and

\7obb (1963) first reported tint 111? me consisted of two 

or more unrelated viruses, Webb mid Scott (1964) divided 10 isolates 
of Ia5? into 2 groups, namely r£'l?-| (Frettag typo) and btl?- II on 

the basis of host reaction, cross protection and aerology* According 

to Webb (1965) the reaction on I.uffa aeatanfiula could differentiate 
these two viruses*

WHV*-. I

Physical properties
She 5fU?, MV and agoing la vitro at room tenporaturo for 

this virus wore 55°C, 10*^ and 90 days respectively (Webb .and Scott, 

1965). Wobb and Scott (1965) aM w@bb et al. (1965) further 
.reported the variability in physical properties of XSXM»

fraaesiioa ibility

It could be transmitted by cap, A. Aosavnii and 
Eva da phis oseudobra ea icae ( Adlers, 1974)., Webb and Scott (1965) 

found it to bo transmissible by LI* nersicae.
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Host mum and local, lesion'.Mats

\7eih qM Scott (1965) observed that this •riams 

ted a Matted teat range and it was restricted to Cuourbltacea© 

family* later ca* this ra$ oonfinaod by Quiet at al. (1S?1}«

tlete and Scott (1965) reported imighaioloa 

3?* I.- 180280 Selection B. 633-3 as a local lesion teat for tUW* 

$te unsuitability of this plant for iiv-*l detection has tecewr 
boon pointed out by Mine ot al.- (1969).

Bartiolo slgp; . ‘

According to Soteelser (1966) the length of this 

virus was 750 syu and be described the particles as filiform. 

According to isobb (197-1) the particles wore long and ftoaacua 
measured between 700 and 740 a/U.

Strains

Stoamumaumlarais ot al. (1969) reported a strain 

of this virus ate designated It as BKauai strain of wriV-1% 

Btergam ©t al. (1975) reported a strain of TO, presumably a 
strain of IOT-*X# fro© India* 3Me ms found to. b® transmitted by 

4* gesaypli and J|» Toersloae in a nen-porolstcnt manner* la 
addition to its restricted test range to Ouourbltaeeae they found 

that it could infect -fiana inyaiiculata w, Binds. turtle. fbe 

particle ©Iso of this \&ros too teen found to be 750 to 750 syu 
in length and IS syu is width.
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Tsar. it

Physical m?o cor tie a
urtwiifcnwijwuM ii u»wii|iin«niii.Mri'lrwnfni tiwi>"u*j»iuigijiii—ihm

Kefefe arid Scott (1965) reported that 2U£ sad 
am&m la vitro at roora tcnporaturo of this virus wore 55°0, 10*^ 

aad 50 days respectively, I7id© variations of this virus is 

physical properties mo also observed by T&bh and Scott (1965) 

aad r/ebfe ot al, (1965)*: Xnouye (1964) reported one isolate of 
wil?t presumably i7?JV-2l which ms found to have 2IB, BSI? aad agoing 
in vitro as 55° to 60°G, 10**^ to 5 x ICT*3 and 6 to 16 days at 20°G 

respectively,

■ Xraaorai osi'bi 1 i tv ■ ‘ ■

Ms virus ms found to fee transmitted fey sap 
and El, parsicao ( Auger et al,, 1974)*.

Host mnm and local lesion hosts

'Webfe and Scott (1965) reported that in addition to 

the aootboro of family Cucurfeltadoao* this virus could also infect 
the members of l&oaalaoeaQ. later on, this m& confirmed "by many • 

workers (Kline et al,, 1969? Oilne and Grogan, 1969 and Lastra* 

1968).
Melson and futlo (1969) reported that 

caused local lesion on 0, qaaranticolor.. local lodion on auatoolon 

P#I. 169239 Selection 3 633-5 fey this virus ms also reported fey 

V.fefefe (1965)* .

Article lonath
W3WWWW—a—MM—WT.iMtl ill |W

laouyc (1964) reported the length of ow isolate
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of this virus to bo ?Q0 to GOO cyu, Cobb (1371) found that the 

shape of the particles of uuv-II too red having tlio length measured 

between 700 to 740 cyu, ife also observed to variations in lonjKi 

of this virus, Augur at al, (1974) reported tot all IVIV-II 

isolates mm 747 nyu long floxaous rods, Haydhoudhurl and Vhraa 

(1975) reported that waV from vegetable Harrow* an isolate of 

u?.i?-I2 were flosruous fiiaaoatoiio noaouriag 720 to -?C-0 x 19 cyu.

Strains

Oloso association of VUV-II and Cucurbit Eatont 

virus., described by v.obb and Bohn (l96l), was observed by Hllbrath 

and Hole on (1937) • ucidemn and Kosta flawy (1972) reported a strain 

of b’HvwiI which woo transmitted by A,. gossyml, t!,ennhcrbae«

A, ra star til and 9* »oro.tcao * Plochor and Eooltort (1974) reported 

a strain of wnv.II and toy found rnlva tarviflora as a natural 

source of inoculum.

Considering the wide variation and erroneous naming 

of this virus from different places-, Schoolcor (196?) reported that 

for VftiV-II aaso General watermelon Mosaic Virus (e-v;U¥) bo used 

because of general distribution, for \IW~I, to name Specific 

watermelon tlooalc Virus (SiTMV) should bo uaod and Hi? investigated 

by Van. itogensiortol (196:0) should bo naaod as Couth African Ghtdrs&lon 

Mosaic Virus (SA'JlW),

Kola tlonahln with other viruses
KM—Mil IIW>«WWlBI>W1«W«lll* IWMII—W——TWWW W ■ it II » I 111 IIIWH.iHHIHf IHMir > II ItjUII

Sphere has boon some doubt as to the onset identity 

of this virus (GTa?), Some workers have regarded it as a strain of 

Melon Mosaic Virus, Van Regeanortel ot al* (1962) showed thoir
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isolate to be distantly related serologically to- iotato Virus 1 
and Bean Yellow Mosaic Virus. ( Bartya, 1963)* Webb and Scott 
(1964) on the 'basis' of ..serology repeated tbit and it!?-!! 
were two distinct ‘viruses -and not related,*- But Kiln©- (1968) 
and Mila© and Grogan (1969) dlsolalaed It and reported that W7*Z 

and TJllV-II were the steins of Dtl? and not unrelated* Sbey further 
reported that an isolate of Bapaya Elagepot Virus'was found to- he 
serologically related to I£TV,

Cucumber Groan Mottle Mosaic Virus (COUM?)

Physical pgenerttoa /

Bowloy (1926) observed a mosaic disease of 
cucurbit and described it as Cucumber tftld or Ordinary Mosaic 
virus disease, la tor on* it m& studied by Ainsworth (1935a) and 
named it ao Cucumber Green Mottle Mosaic Virus and he designated

a

the typo stein as e? 3* Knight (1955) later on confirmod the 
Identity of this virus and concluded that this could not be- a 
stela of Sobaooo Mosaic Virus, 'fh© 21? and ageing in vitro of 
this virus were 80° to 90°C and on© year or longer (Ainsworth, 
1935b), laouye et al, (1967) reported that it could withstand 
dilution upto tcT6 and ageing for 8 months at 20°G,

fransaisslbllity

It has been found to be teasmitted by sap, 
probably through seed but not by A, goasypil and cucurbit leaf beetle 
(Inouye o| al, ,1967),
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Hoot mnp'O and local lesion, ho ota

Brio© (1940) observed that this virus tod a 

United hoot range and it ms found to bo more or loss restricted 

to Caewrbitasoao. Ainsworth (1935b) reported that although'this 

virus mo restricted to tho noobors of Cueorbltaooao fhraily but it 

mti not trunsBloolblo to Q, tjoso and Bryonia dioiea. laoiiye ot al, 

(1367) reported tint- an isolate of Mo virus ms not confined to 

only oaobora of Gucurbitnccao but it could infect soIqtqcoouo plants 

■also ouch as 57. tabaoua vox, Hamsun and H. tabaoun var, 3hlte Barley. 

BotimiQ hybrids mil .l>, otranentum, Thereover. it could infect 0*mm,

Ainsworth (1935b) and iiM© and Haight (1970) 
reported the failure of thio virus to produce local lesion either 

on L*. stramonium or e. amranticolor. Sat Inouyo et al, (1967) 
reported that tholr neri'.l? ms able to produce local lesions on 
jy, stramonium and P. hybrids. Bioy farther reported to observe 

local latent Infection on a, tabaoum vnr,. Season and Ij, tabaou?. var, 
white Burley,. Shcy also confirmed the inability of OGMH? to 

urcducQ local loaion. on 0, orarautioolor.• Ercale ot al. (1962) 

also 2?oported the Inactivity of SOP? to Saoaim and toathl-ao 
tobacco. Systemic infection of C, nasals ms also observed by them.

^ CS-i- ' xmr.-.-.^BrniMffir |g,a» v

Parti do lo r^th

Knight and Oster (1947) reported ttot the ohape 

of the particles of this virus me rod to vine tho dineaaloa of 

297 ± S.6 cya at 13 £ 0.6 ryu, Bat Xnouyo et al.. (1367) reported 

ttot the particles of tlilo virus vjqvo %7V~llko rods laving dimension & 

300 nyu % 10 ryu.
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Strains

Cucumber auouba mosaic virus which ma described 
by Bowloy (1923) has boon found t© be the first strain reported 

of this virus and Ainsworth (1935b) designated it as Cucumber 

Yellow Mosaic virus, fhio strain •eesed to bear the sane 

relationship to 06££3V, Porter (1931) reported a virus in the 
name of OV 2 which bad got some similarities with this virus, 

Ainsworth (1935a) reported GV 4 as another virus which later on 

ms found to be a strain of CGEETV (Eranhlln, 1956} Johnson, 1951 $ 

Knight, 1955} Hoehow, 1956} Holmes and Pranklln, 1958) having 
high thermal death point ( inactivated at 90°0 for 10 minutes) 

and ageing in vitro ( 9 months or longer), Capoor and Varaa (1948) 

reported a strain of this virus from Lagenaria vulgaris and named 
It as 0? 2B, According to them the 2?IP, BSP and ageing in vitro 
for this virus ware 98°Gf It 10,000 and 308 days respectively, 2h«y 

further reported its eysptomieas transmission through vegetable 
marrow and lomordica charantia. Another strain of this virus in 
the name of OV 20 was reported from H, leuoaatha by Vasudeva et al. 

(1949), According to them the flP, BSP and ageing in vitro for 
this virus were 86 to 88°0, It 1000 (standard extract) and 1110,000 

( pure sap) and 90 days respectively, Zhts strain ms differentia tad 

by them on the basis of symptom differences and syaptomiass 
transmission through B, stramonium, L, aoutangula, 0.- vulgaris and 

1* charantia. Vasudeva and ITariani (1952) reported the inability 

of GV 2G to infect the members of Solanaceae symptoalesaly, Aaand
1

(I960) performed electrons!croscopio studies with CV 20 and 
claimed the virus to be rod having an average modal length of
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mya and nidth of 25 ssytt* Seed transmlssibility of 07 20 

through Ju* aieeraria Mo- been observed by lal and Chouhan (1961). 
Ilohta and Ml (1962) sad© oloctooamlcrosoopio studies with 0? 2C 

and reported that 72*9 p©r cent ■ of tbs particles of It tod a
length, of 100 to 500- cyu ( miniiiUa 20 nyu, mximm 1290 lyu though 

few ■•were below 50 m/u or above 600 cyu ), Bat Stouter £t al* 

(1971) performed purification and Qlectrotoiorosoopio studies 
which 07 20 aafi reported" the virus was rigid rod with a medal ■

length of 230 m/u and width 17 ayft# lafeotivity of 0? 20 to •
J).1 stramonium -and transmission by red pumpkin beetle (Aulacouhoru 

spp*) ®e also observed ( Amonymorng 1954c)* Anderson (1954b)

, regarded Bottlegourd mosaic virus as a strain. of GGritlf* One more 

strain of GSIOT mo aim reported in the 'mm& of 07 2A (Thlontin, 

1953j 'fan Moot and fan Borst, 1958| Van -Soot and fan Borst, 1959)* 
. But Break ot al* (1962) reported Of 4 as 0QHM7 aai Of 3 a@ a 

strain of It* fhoy reported' that Of 4 was able to produce local
lesion on -Samoan and fantlil-nc tobacco but not on |l. &lutlnoga* 

Production of local lesion on 0* glaucum by 07 4 and 07 3 
(Strain of it) ms observed whereas G7’4 caused systemic infection 

on £. morale only*: Kommo o| a^* '(1971) and Hosu gt al* (1971) 

reported one watermelon sttein of o&fw loan ot al* (1971) 
reported that the virus isolated from cucumber ms able to'product 
local lesion on B* stramonium but rot on 0. amaruaticolor whereas 

that obtained from watermelon ms -able to- produce local lesion on 
0, amraatlcolor* On the other toad, the type strain (G7 5) and 

cucumber aucuto mosaic, strain (07 4) was able to produce no local 

lesion on either B* stramonium or 0. amranticolor (Ainsworth,.



’ this • virus v/a© found to be inactivated in vitro by om hour-in 
90 pen cant ethanol at 35°C ( Aaaonyaous* 1954b)* ■ SSsaafear et al*

’ (1972) studied this virus- in details and to tinted the SIP,: IS? 
a ad agoing la vitro at room tenppratuyo of this virus vmm $6°0*

Is 500 and 8 hours respectively,;

fraasmisoibility
2ho virus ms found to be transaittod by sap and 

4* ^oagypil (Aaaonyaous, 1954b) She transalssib'ility of'tMs.. 
virus by H, peroicao and SitoMon Toaaafomaia v&a also observed 

by Shahfear ot al. (1978)* 2hia virus was not found 'to be transmitted 

through seed (Similar ot al*. 1972)*

Host .mans.and local lesion hosts

Sbantecu? ot al. (1972) found that this virus had a 
limited host rang© and it was found to bo restricted to Oucurbitaoeae

19351)5 Kado and Knight, 1970)* ITota these reactions on these 
plants* these Japanese strains have boon distiasuiehed os the 

cucumber strain and the watermelon strain.

Relationship with otter viruses

Knight (1955.) ■ reported a distant serological 

.relationship of C6?EHr with 9H¥* . Sat Inouy© ©£ al. (1967) reported tha 
one isolate .of GODIt? has got wash serological relationship with 

OflSV ( Odontogloosurs riagapot virus) .bat not with
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family only,'
Ho local lesion boat of this virus tea yet been

reported,

Barticle., lemth
Shankar ot'al. (1972) observed that the shape of 

the particles -of -EEJV-was flesuoa# rod .having the dimension of 
840 x 15 myu, ^

Ho strain of this virus has yet been reported,
itelatlonolilp with other viruses

Shankar et al, (1972) reported that HIV resembled 
0? 3 (C0313?) reported on Vegetable marrow and bottlegourd from 
India and bad close .affinities with ®Y reported from other 
countries and It did not react with antiserum of 6? 1 and 0? 2,

Other Viruses
MWanHnpMMlMMMMVMpHMW

Bottlegourd mosaic virus (BCEl?)

Occurrence of a mosaic .disease of bottlegourd saas 
first described by Vasudova and Bal (1943), The’ TIF„ MP and 

ageing in vitro at room temperature for this virus mm S0°C,
1:500 and 6 hours respectively (Vasudeva and Lai, 1943)# fhis 
virus has found to b© transmitted by sap only (Vasudeva and Lal» 
1943)# She insect tranomisoibility of this virus has not yet been 
reported, Yasudeva and Lai (1945) observed that this, 'virus had a 
limited hoot range and it vras found to be restricted to Cucurbitseeae 
family. Hot much work has been done-on this virus# However, 
Jaoardhan e.t al, (1969) reported a strain of BG-riY, Cohen- end



Kitsaxqr (i960) reported om WON tsm Israel which ms also 
restricted to OacurBitaccae family qM -ms transmissible By sap 
and Bemtcla taBaci only,' So avoid confusion the mm© OucunBer 
Vela Yellowing ’ Virus (OVYV) was reported Instead of BOO? (Barpas

and Cohen, 1965). itoyohcudhuri and Varma (1975) reported
- . ?• ■

serological relationship of Mi3V to Sfookmelon Itosaic Virus,

' Yellow vein mosaic of troamin (tWB)

Occurrence of yellow win mosaic of puapkiams
t V

reported la 1954 ( Aancwyootto# 1954a)# It was found to B© 
transmissible By T}» taBaci only and not by sap (Annonyoous# 1954a) 

Varaa (1955) confirmed the identity of this vims -aad described 

the symptoms produced By It and reported that it did not go to 
Malvaceae.

Cucurbit latent vims (CB?)

latent infection of viruses on oucurbltaeoous crops 

was obeerwd.By SCBband Bohn (1961). 2hey Isolated, and named it 

as CfebnktfBit latent Virus (CLV)# Ubic was later on confirmed by 

S©BB (1964) and lolson et al> (1966),.-S© SIP. 233$ and ageing 
in vitro at 22% for this virus mm 50%# 1*100 aM 3 days (WeBB- 

and Bohn, 1961). 5Me virus was found to bo transmitted By sap 
and M. rerelGa® ( Webb and Bohn# 1961). WCBB and Bohn (1961) 

reported that the Virus had wide' host range. la addition to. tbs 
members of Guourbitaceae# It could Infect garden pea var. laxtm

* u
Progress# pinto Bean ( Pbaseolus vulgaris), spinach var. idJdl© 

driest But the virus failed to .infect tobacco plants* Shis virus 
ms found to produce local lesion on 0* amarantleolor (WoBB and



Bohn* 1961? Uoleon at alM 1966),, But mine at al, (1969) felled 

to obtain any local lesion m C, nraarantleolor with this virus. 

Close association of this virus with ITPJ 11 has boon so ported by 

tiilbrath and nelson (196?), But Kline ot al, (19S9) on. the other 

hand has created a- doubt about the ©xtotenoo of this virus, Eo 
further work has been done for Its clear identification*

Blttergongd mosaic, virus

Ba^arajan and liaaakrishnan < 1971b) Ira ported a now 
virus, Blttergourd Kooaio Virus which ms found to be transmitted 

by M* .ns.roicae. A, ^ossypii, A, narii and B, brassies© and not by 

sap or seed, $h©y further reported that host range of this virus 
has been found to be restricted to OuourMtacoa© family, no 
further work has been done on it.

Kakri mosaic (KTi¥) and Tori mosaic virus (foil?)

Haychoudhuri and farraa (1975) reported two sore 

additional viruses, K!W and Totff infecting Oueurbitasoous crops. 

Shay have reported that KIW ms found to be restricted to 

OucurbitacoaQ whereas 2oMf was restricted to Oucurbitacea© and 

Cbonopodlacoae, iron© of those viruses was found to be transmitted 
by insect vector, lie farther work lias, been done mi these two 

viruses.
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Incidence of Mfferont Cucurbit .Viruses in tho fields

Although q largo number of Cucurbit viruses have 

been reported and dooeribod from time to tlno but very Malted 

informtlons are available on their relative incidence ia crop© 
grown la particular localitiesi llowovor some r;orkaro (Anderson, 

1951a, 1951b| Grogan otal., 19595 Hoioaft and Keyer,1961| uebb, 
1961; Cohen and ITitsany, 19635 lloloon et al., 1966; Salasa and 

Gill, 19685 Laotra, 1968; St^anaimguadaaaan et al.,. 1969; 
frovvidoati and Schroodor, 1970 and Quiet ot al.» 1971)attaopted 
to study the prevalence of different typos of cucurbit viruses 

under field condition. In a survey of cucurbit viruses in Contra! 

Florida, Anderson (1952) observed that cucumber mosaic and 
watermelon mosaic virus wore more abundant la the fields , Anderson 

(1951b) further reported tho appearance of Southern squash, mosaic 

virus on cucurbits and also observed that CUV did not predominate 

over Southern squash nooaic virus or tho reverse in either hoots 
taken. Grogan ot al. (1959) reported that tho most prevalent 

viruses inf 00tine oucarbito ia the desert valleys of Southern 

California during 1956-1958 mm strains of wll?t second ia 
prevalence me strains of OH?, According to thorn occurrence of 

SUV ms rare ia that location, HoXacm and Uoyer (1961) surveyed 

IiO'mr Rio Grand© Volley of Steaao during 1959*1960 for recording 
the relative incidence of different virus diseases. For this 

purpose they collected 140 diseased saaplos and identified tho 
viruses involved. According to thorn out of 140 samples, 1S4 
samples contained tobacco ringopot virus, 18 contained v/UV,

10 contained OUV and only 2 contained GUV, Symptoms of combined
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effect of TTuZV and t'W wore observed ia eoao watermelon oasmles, 

V/ebb (1961) surveyed the liici.Soa.ce of virus dlGoasoe in tfouthwost 

melon producing areas, According to him 2AS? vsqs the most 

prevalent ia oureufbito from S.-Tcaas aM often found to he mixed 

with bW which mo moot prevalent la tSaliforala and Arisom, while 

Cti¥ and SLTV ware rare in those areas, lllagapot mo not detected 

la squash froo one coatco' ’in California or In Cantaloupes fro© 

leesa, Arisona* 2ho major Sosas viruses so’obod to differ from

these of the other 2 States, Gabon and iritsaay '(1963) while 

survey lag reported D viruses on cucurbits ia Israel, fhey found 

the incidence of B&Tv, GUV, ifiV, 32:1? and a new virus which they 

named as squirting ououuibor mosaic virus, Joshi (1362) in a- study 

in U,P,( India) observed a strain of VC? infecting vogotable ©arrow* 

QyelaathQra potto ta« squash and cucumber, fobs (1962) in' a survey 

at Oawnii reported the prevalence of VI5?, Sehmelser (1965) 

rexjoarted ‘she iaciduaco of liliTatsi Q1W singly or ia combination 

of both la the fields of Germany, Ochmelsor (1066) reported the 

oeeurreaca of Specific ia Gaba, nelson et al« (1966) while

surveying tic fie lie in the vicinity of Guliacan and Los Hochla, 

State of Sinaloa* r&gioo* reported the presence of to? I and 

ui57 It * Oa?, QM9 6LI? and fds?, SJhoy hoover recorded the 

consistent occurrence of only VAT? I and (£1¥, Galana an! Sill 

(1968) while surveying the fields .to Kansas reported the incidence 

of S'i? and Caw* According to thorn S.Ti? accounted to 45 per coat 

ef the isolates from squash, cucumber, nuetoolon, pump&ia and 

gourd, whereas Ca? accounted to 40 per cent isolates from cucumber, 

squash and auSiKioloa, i’hey also observed aia»d infection of S3?
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and CO? in ©quash and ooskoeloa, 12 per cent of tho isolates 

from v&terooloa anti nuskmolon wore identified by them as 2SIS? 

and they identified one isolate iron squash as 2H?, Lostra (1968) 

while surveying the fields in Veaoeuolo reported the occurrence of 

xrn I, xm XI ( the Dost provalo&t) * £5V and mf ( the least) in 

Verio sue la 3 mine et al* (1969 5 surveyed the fields in California 

whore cucurbit crops wero .gram during 1SG6-196S for recording tho 

relative incidence of virus disoaaes and reported that S!1.? m&
common in ono area of tho State whoreos fMi37 was found only in

I?* California, According to then 6? oasploa from Sinaloa, r.Toxico 

contained 62 -per coat fay II and 21 por sent i/UV X* 2ho occurrence 

of both <TJ? and Sii? was ale© observed by them in tho samples from 

MoxLco but they failed to observe tho presence of 01V in any of 

the samples, ^hanmugacrasdaram ct ai# (1969) reported the prevalence

of 12N m\V 11* Sami strain of vm I and CK7 in -liwaii lixed

infection, of r/H¥ X and h;T/ II in the fields of Central Tow York

was reported by Prowidonti and Sohrcoder (1970)* Quiet ot al, 

(1971) while surveying tho fields ia Eronoh '.rest Indies reported 

the iaoldeaoo of IB? I,, fiaychaudhari and fama (1975) whilo 

surveying oucurbltacoous crops la Jelllt (India) reported 6 viruses, 

2hoy ware identified ao two strains of bottlogoiird mosaic virus, 

one causing mosaic disease of bottlogourd (UG'lSf) and mottling of 

watermelon (wUY) and the other mild mosaic disease of raisfeeloa 

(Mr)| two strains of watermelon mosaic virus, one causing mosaic 

of pumpkin (,E!5¥) and tho ether nooaic disease of vegetable marrow 
fcakrl mosaic virus (2-11?) aad fori mosaic virus(i’ollf).
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Alterations in Ohloroohyll,, Duffsrsolubl® Protein*. 'Petal (TQk
procipitable) San pro ta la, leductog Saaar* Starch and itlbonuoleic
acid Contents Sue to Virus Infection

Virus Infection usually causes reduction in chlorophyll 
content (Diener, 19(33? Goodman ot al#, 1967? t&tttiows, 1970), 
jSliaer (1985) and Peterson. (1931) reported the reduction of 
chlorophyll content in mosaic infected leaves, deduction of the 
sugar content from 7,2 to 6,7 mr peat ms observed by ferplanok# 
(1929) In case of Poet root infected by virus disease©, isualap 
(1930) reported that mosaic disease© were accompanied by an 
increase of total nitrogen and a dacroass in total carbohydrate 
content* According to him the carbohydrate to nitrogen ratio ms 
decreased in mosaic affected leaves, _ Ludtfco (1930) reported the 
accumulation of starch in mosaic infected tobacco plant©.* . Kalliotra 
(1931) reported while working on mosaic disease of potato that 
percentage of' non-reducing sugar and starch was higher in healthy 
leaves, whereas nitrogen ms relatively more abundant la diseased 
individuals, Cordlngloy ct al, (1934) observed reduction of 
carbohydrate content which was found to be more in mosaic affected 
tobacco* 2?hey also oboorved reduction of chlorophyll and sarhsd. 
increase of total nitrogen content when tobacco plants infected 
with a mosaic virus# Qatoon and Batson (1951) reported that older 
leaves of infected plants had a higher content of reducing mg&r 
and sucrose and usually of starch ia dark, ‘They also observed 
that the carbohydrate content of sugar boat leaves was little• 
damaged by infection with best mosaic virus* Basiss? a ad Ooasaoner 
(1956) found that In infected tobacco leaves, the buffer
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soluble nucleic acid content increased to a large extent immediately 

after infection and it gradually decreased after the development 

of symptom, Toshu (1953) observed tint the nucleic acid content 
In rice leaves ms greatly increased due to Infection with rice 

dmrf virus, Honeycutt and Hillikaa (1964) observed reduction in 
EM content in cherry loaves due to virus Infection, 

Sariharasubramnlaa (1964) on the other hand, observed the increase 

of aili content in Lolichos lablab infected with Bollohos onation 

mosaic virus, Subsequently, many workers have studied the nucleic 
acid content in virus infected loaves and obtained controversial 

results (Matthews, 1970), woilkio ot al. (1967) reported that due 

to COT infection on resistant and susceptible strains of cowpea, 
moot of tho amino acids especially asparagln ms increased,

Jeyara^an (Jayarajaa ) and Haaakriahnan (1968) reported the decrease 
of reducing sugar, sucrose and starch content in the leaves of 

Chilli plants infected by potato virus I,- r&ndahar and Singh(1971) 

observed the destruction of chlorophyll a and b In Abelaosohuo 
caoulentus duo to infection of yellow vein mosaic virus, in Luffa 

aegypticu duo to infection of cucurbit mosaic virus and in 

CucurMta aosohata due to Infection of pumpkin mosaic virus 

I5e struct ion of chlorophyll a and b in Abelmosohus esouloatue due 

to infection of yellow vein mosaic virus ms later on confirmed 
by Hamlah ot al. (1972), Mandator and 6arg (1972) further reported 

that In Luffa ae/urptioa duo to C£1V infection, total chlorophyll 
content mo decreased by 46 per cent, starch me increased by 12 

per cent, reducing sugar.was increased by 44 per cent and total 
sugar was increased by 16 per cent in the Infected tiosue.
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OtkoudbHxy and liukhopadhyay (1974) reported that reducing .sugar 
content decreased and starch content Increased due to Rice fuagro 
Virus (E2?) infection in Badna, yaya and IE-8 varieties of rice# 
Anaonyaous(1966),Raychoudhurl et al, (196$) 9 Aimop^rmom(1970) and 
Ohoudhury (1973) reported the reduction in chlorophyll and increase 
of HITA In the 3SV infected rle© leaves* Ohoudhury (1973) farther 
reported the increase of buffer soluble protein content of RTV 

infected rice leaves* AmotM and Singh (1974) reported the 
differential increase of MIA content in Chilli plants due to 
infection of cay. Slealeoki and tlood (1975) reported that 
soluble protein content was Quantitatively changed when cueu~bor 
cotyledons were inoculated with different strains of CEif, Quaeeea 
at al, (1975) found a positive correlation between bean mosaic 
infection in beans and soluble and insoluble proteins and EISA 
content of the loaves, 2hoy, however, observed an Inverse 
relationship between mosaic infection and the soluble and insoluble 
carbohydrate contents, But no informations are available on 
chlorophyll, buffer soluble protein,, total (fOA proolpltable) sap 
protein, reducing sugar, starch and RM. eontont of mosaic infected 
punpkin (Cuourbita aoschata Poir) plants at different stages of 
pathogenesis,



a, lacimaica op tous dismsisb ■

the incidence of vimo diseases of psn&kin (CuourMta 

Qoooteta Boir ) has boon studied hy surveying tbo fieMs 

tills crop is grown, portioularly in tho districts of Burdtsan* 
llooghly, Kalda, Hadis and 24 fhrgamais during th© months of . 

fabrmry-Maroh 1973# la each 'district om loeafelon where this 
cucurbit is grown in largo aealo -was considered and in each location, 

three puspteim fields of uniform si so mm selected at mndm* In 

oaoh fiold, 100 'plants mm taken for observation, 3Jh© pored&tage 
of diseased plants ms determined by counting the mxstoes of tteaa 
in the fields* fb© symptoms of these diseased plants mm further- 
critically studied to tabulate tho types of symptoms that occurred 
in fell© fields. fo observe the relative incidence of different type® 

of symptoms in different locations, samples mm collected from tb» 

fields previously selected in tbs districts of Buxdmn, Hoogbly and 

Sadia .only and the percentage© of samples showed different symptoms 
ware recorded,’

i* sab mssaissiBibm of iiss ix syaggoa. oom^c

A large number of young leaves showing type II symptoms 

(coupler) £a tbs fields were brought to the laboratory from time 
to time and transmission tests were performed following the usual 

sap transmission technique. V
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T6 perform the cap. ismtmloeikm. technique, young leaf 
samples wore taken a nil thoroughly cashed with tap water followed 

by glass distilled water. After washing, the samples mre hopt 
ia frees© for one hoar, , Froesed samples were thoa cat into small- 

pieces and. grinded In a glass mortar and pestle, T?hllo grinding 

0,1 33 citrate~phoophate buffer (pH 8,0) containing 10 micromole(mil) 

dietl^l^dithiocarteaatQ (3I30A) at the ratio of 1 grmVktlli litre 
weight/voluae (gs/ml) ms added as extraction medium. 5ho sap thus 

obtained was clarified by straining through obsem ©loth (four fold), 
Tho clarified oap was used as inoculum.

Series of healthy pumpkin (Cucurbita mosebata Foir) * 

seedlings were raised in sterilised soil under insect-'proof 

condition and inoculated with the standard inoculum at the first 

leaf stage. Before inoculation# carborundum powder (400 mesh) was 

dusted on the loaf, to b© Inoculated, Immediately after inoculation# 

the loaf me washed with glass distilled water to remove assess 

inoculum faros its surface* She inoculated plants were kept under . 

insect proof condition for 20 day© to observe the development of 
the symptom*

0, sisjgAMfion.AHB immiFiGASim of, yiaps®a of twb ii mmf&i
GOLIPLFX

Separation of viruses aa, euro isolates
lUllWl.UWIirTI«i>>uATW«>WW!i«*tWI

2o ©oporato the viruses Involved in the typo II symptom 
complex as pure 1 sola too, the plants showing different typo a -of 
symptoms during the transmission studios were oopasatoly taken. 
Standard Inocula were prepared from each type of symptom and 

inoculated to the healthy teat seedlings ( C. moechata Poir. )



following the usual procedure, She inoculated plants were kept 
under insect proof conditions for, 20 days for the development of 
the symptom ‘true to the types observed during the transmission- 
studies of the type II symptom complex*. Tao pure isolates thus 
obtained 'sere maintained in e* aoaehata Bair plants* Sfeese plant® 
mm considered as the sources oi the isolates for all the future 
experiments,

Identification of fee .isolates

a) Be termination of the physical properties of the mare
isolates

To determine the physical properties of the 
isolates (1) therzaal inactivation point (2) dilution end point and 

(3) ageing ia vitro of the standard inocula obtained from the leaves 
of C, mesehata loir plants inoculated with the nine different 
isolates 'under identical conditions, were performed.

1) SeteraIratIon of thermal inactivation point

, Standard inocula .obtained from young plants 
(0* moscliata Pair ) inoculated with each- isolate, were divided Into 
samples of 5- ml each in pyres test tubes of uniform also and capacity 
Shoes samples were opposed to varied rang© of temperatures,, vis,
40°C, 45°C, 50°G, 55°C, 60®Cf 65°0 and ?0°0 for 10 minutes is a 
tempera tors controlled water bath (tlltra Shsroostat SSype U33, USB 
mm imnmn Bim sasmi.) in such a mj that tbs
portion of tho tube containing extract, (standard inocula) was 
completely immersed in water and tho tubes were act touching the 
wall© of tho water bath, Immediately after exposure for 10 minute®.
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tubes mm tc&on out and cooled by placim them in ioe^cold water, 
Young and healthy leaves' (first leaf) of 0.. aooohata Pair 

previously duo to 1 with carborundum powder (400 mesh) wore inoculated 

with each sample, exposed to different temperatures, Suitable 
controls sore aim kept by inoculating the test plants with standard 

laooulusi without a op- exposure to temperature, All the inoculated 

'plants, mm kept under Issooot proof condition and observed for 20 

days for symptom expression,

2) j)qSemination of.dilation end point

Standard iaocmla from young plants C G* eiQaehata 
loir) previously inoculated with different iDelates were separately 
prepared. Serial dilations vis, 10"**, 10T% 1G~^,

ID and iCj^ with the standard inoeula of each isolate ware mde 

with sterilised glass die tilled rater, Young loaves (first leaf) 

of healthy 0, mosehata Poir plant previously dusted with earboruaduia 

powder (400 moah) wore iaoeulatod with the iaosula of different 

dilutions. All the inoculated plants tmm kept under insect proof 

condition and observed for 20 days for symptom expression,'.

3) Detormimtion of amim in vitro

Standard iaoeula wore obtained frea young plants 
(C,mosohata Boir) inoculated with each isolate, 5 nl of each 

inoculum ms takoa in tost tubes and stored under ordinary laboratory 
condition ( temperoturo ranged fees* 24® to 32Q0)m Rmplao mm 

taken out from each laooulua at different lengths of tlae aawly 
after 12 hours, 24 hours, 36 houro, 46 hours, 60 hours, 72 hours,

64 hours, 4 days, 5 days,- 6 days, 7 days, 8 days, 9 days and 10 toys
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respectively, Oinee the acolng in vitro of om isolate (Isolate 

A-j) ■'30S found to bo looo fen 12 hours f the- freshly prepared 

inoealtn of that isolate mo a on in kept for 2 hours, 4 hours, 6 
hours, 0 hours, 10 hours and 12 hoars at roon teaporetaro for 

determining its ageing in vitro, Young loaves (first leaf) of 

healthy C, niosohata I2oir previously dilated with carborundum powder 

( 400 sash) were inoculated with the Snooiila, talsoa oat at different 

time intervals* All tho inoculated plants were hopt nmiot insect 

proof condition and observed for 20 days for oycjptOQ egression.

b) Hoot of the isolates

5Co study the hoot *oago of isolateo, species of 
plants belonging to different Shellies were selectedm She none 
of the plants used in this study are presented in the Sable 1 •

Slie selected i 

under insect proof condition, 
presence of any virus in then

slants mro crown in sterilised soil 

2lio plants war© tooted for the 

and only virus Sfceo plants mm
considered for the • **eoont cs^eriosat,prei All those virus free

plants (10-15 days old) wero inoculated separately with the nine 

isolates under all possible identical conditions*

I’ho inoculated plants were kept undos insect proof 

condition for 30 days and they core observed once in a eeah for 
' ayaptom dovslopaszit*

After the period of obocrvatloa* loevoo mm collected 

fee® all the inoculated plants and standard inoeula were obtained 
from then following the usual proooduro* iC-hese inooulo cere then 
bacic inoculated to healthy JJ. zaooohata Poir plants (10 days old )•
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sa* I?aoe of the olant Bazas of the Sources fro®
Ho* Common miaei Scientific mae faeitly which tho seeds 

were Obtained

28 Bsa Hsaia satlvua £* Ziegwalnosas Sutton & Sons 
(Inaia)Pvt*Ud*

29 'Iftistard Bmastea 
caooeetaris l>. 
tar, Samoa

Gruoifezae «

30 Spinach Soiaacca oloracoa « «

31 Papaya Garica mmm L. 
tar* Washington 
Special

carlcaeoae R

32 Ghononodiun
amraatlcolor
Costa ot iioyn

Ghoaopodiacoae I,A,R* I,,
Hew Delhi. #IM1;

33 O.auiaoa Wind. n Br.S.P.Capoor, 
Plant ?lru» Bee* 
Station* Agrl* 
College Estate, 
Poona* India*

34 Sogarheet 2ota vulgaris l**‘ Sutton & Sons 
(India )PvttLtd*

35 Periwinkle tinea rosoa I. Apocyanacaae r

36 Qoaphrana Gomphrona
kaoobsa' It.

Amrantbacaae I.A.E.I., Hew 
Delhi, India*

m Simla Simla Qlo/rane 
Jasq.

CompoGitae Sutton & Sons 
(India) Pvt *£td.

;



Shoee “back inoculated plants mm than kept under insect proof 
condition for %0 days to oboorvo tb© oymptoa development in thorn*

e} Insect tganaaiOBlbillty of tbs isolates

2o study tho transniooibillty of tho isolates 
obtained from typo 12 oyniptomo complex of 0, aosohata by Insect 
vectors, melon aphid ( Aphis r-GOoveii CUovor ), green poach aphid 
(Hyatt© perslcae Cola* ) and white flips (Bemisia tebaci Goon,) were 
soleoted.

1, Qollootioix and rearing
i) Aphis gooaypll and itygua norgieae

Aptcrao aphids were collected from 
cauliflower plants < Ssasoica oloracoa vor. capitate ) in the -month 
of January, 1975* 2o collect the aphids, a sheet of Taper pas 
held beneath tho infested leaves of .the plant and the loams were 
vibrated In ouch a pay that tho aphids got detached from tho leaf 
surface and fell on the paper ohoot. Pieces of leaves heavily 
infested with the aphids wore also detached from the plant* She 
aphids thus obtained v/ero kept in a rocepteble having adequate 
facility for aeration. Healthy cauliflower plants of 15 days old, 
mm raised before hand under insect proof condition in pots 
containing sterilised soil.- 2ho aphids collected in the receptacle 
were then released on the leaves of those plants*' For this purpose,, 
aphids mro care fully picked up from the receptacle with a snail 
Carnal *a hair brush slightly moistened with water and carefully 
placed on a place of paper.- 2hsn tho places with aphids wero also 
placed on the plants, so that they could easily crawl to the loaves
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of the plants. She plants were then kept within a insect proof 

chamber and the aphids wore allowed to -multiply for several 

generations on those* plants, Bra oh aphids ware collected from 
these plants in the ease way as before and placed on another set 

of cauliflower plants of 15 days old, kept in rearing chamber and 

allowed to multiply there. Aphids from this second chamfer were 
considered for transmission studies,

la case of Iffysus nersicae the aptsrao aphids were 

collected from Chilli plants ( Capsicum annum 5 in the month of
V

October, 1975 in the same my as in ease af Aphis goagypil,- 

Rearing of M, perslcae was also done in Chilli plants In the same 
way as above,

ii) Bealsla to bad

\7hlto flies wore collected from

Betuaia hybrids plants in the month of Juno, 1975, Tho adult whit# 

flies were collected with the help of a suitable aspirator in the , 

early morning, Sfho white flies thus obtained wore kept in a 

receptacle having adequate facility for aeration. Healthy ±>Gtimia 
plants of 15 days old. were raised before tend under insect proof 
condition... in pots containing sterilised soil, .Tto white flies 

collected in tho receptacle were then released on healthy Petunia 
plants of 15 days with the help of aspirator, She plants were 
then kept within, an insect' proof chamber and the white files war# 

allowed to multiply for several generations-on these plants, Brash 
white fliha were collected from these plants in the same way as 
before and transferred to another set of Petunia plants'of 15 days, 
kept in a rearing chamfer and allowed to multiply there. In the 

same my as before one nor© transfer of fresh white flies was dote
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m QBotfoor oet of Petunia plants of 15 days* kept la a rearing 
©boater* Erosb white flies ism the third roaring chamber isera
considered for transmission studios,

2, Acquisition of, tlis isolates

i) Aphis : floasvtail and Uvaas nsreleae

Fresh aphids were collected from. the rearing 
chamber la a tab© with Mio help of a assail Oaoel <© Hair brash 
slightly moistened with water, to aphids ware kept on fasting 
for 1 hour without providing any food for them-in the tube* l&althy 
0, sooebata plants of 10 days old* satsod under iiasoct proof 
condition, were separately inoculated with tbo nine isolates aafl 
kept in, insect proof chambers, 20 days after inoculation these 
plants mm taken as oourooo for tho isclatoo to the aphids |©r 
their acquisition feeding. After 1 bom of fasting the aphids 
were pished up m& released on the source plants for acquisition 
feeding following methods described earlier.,, to apMde wore kept 
on the inoculated plants for 24 hours to provide -oaf.fi cient time 
period for tbo acquisition of respective viruses,

11) Boalaia tabsel -
* IW—*w III wffff TMnain .toWMonigMUariwmi

Prosh white 'files were collectod front the 
roaring etosboa? in a receptacle with the help o£ aspirator* ®» 
white files viere kept on fasting for 1 hour without providing any 
-food la the receptacle for then. Healthy 0* mesehata plants of •
10 days old, raised under insect proof condition* ware separately 
inoculated with tbs aim isolates oad kept la insect proof 
chambers* 20 days after inoculation these plants were taken as 
sources for the isolates to the white flics for their acquisition



feeding, AX tor 1 hour of fastis tho whit a flies were picked up 
and released on the source plants for acquisition feeding following 
method© do scribed, by llano (1972),- 2ho white file© mso kept on 
the Inoculated plants for 24 hours to provide sufficient period 
for acquiring the respective viruses,

3* Inoculation of the isolates to the tost plants 
bv the ylruliforoua inaeeta

1) Aphis gosavpii and W&m® pereicao

Healthy G, mosohata seedling® (10 days 
old ) were raised in sterilised soil under- insect proof condition, ■ 
Aphid© after acquisition feeding oa the inoculated plants were 
transferred to the toot plants at the rate of 15 aphids/plant 
following tho usual technique and the plants were kept covered 
’with glass chimneys, After 24 hours of inoculation feeding, the 
glass chimneys wore removed and. Sumithion (0.05 per cent) was 
sprayed on the plants to kill tho aphids, 2ho plants thus 
inoculated were kept under observation In insect proof condition, 
for 30 days.

11) Beraloia tabaei
Healthy C, moschata seedlings (10 day® 

old) wore raised in sterilised soil under insect proof condition, 
White flies after acquisition feeding on tho inoculated plant© 
mre\ transferred to tho tost plant© at the rate of 15 white 
fllos/plant following tho usual technique, fhe inoculation feeding 
ms done within transmission cages according to the method 
described by Hone (1972), After 24 hour© of inoculation feeding
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the transmission cages wore resorod and Sumithioa (0*03 pr cent) 
was sprayed on the plants to hill the white flies* 2he plants 

thus inoculated were kept under observation In Insect proof 
condition for 30 days#

4# Persistence of the isolates in Aphis gooaypii* 
itvaus poraleae and Beal ala tabaoi

20 study the persistence of isolates, aerial 
transmissions of them to the healthy 0# aosohata plants by the 
Viruliferous insects were performed*

1) Aphis gosavnii and klvaua -paroioae

Healthy 0* mosehata plants of 10 days old 
were raised in otoriliesd soil under insect proof condition*
Aphids after acquisition feeding on tho inoculated plants were 
transferred to tho tost plants at the rat© of 13 aphMe/plaat 
following the usual technique and tho plants wore kept covered 
with tho help of glass chimneys* Requisite number of healthy 
0. moechata nlants of 10 days old were raised before hand. After 
24 hours of inoculation feeding successive transfer of aphids to 
10 days old healthy 0* mosohata plants were done at an interval 
of 24 hours for 5 days (120 hours). following usual techniques*
In case of each set of experisjeat the plants were kopt covered 
with glass chimneys* After the completion of experiment the 
plants wereNsprayed with Sumithioa (0*03 per cent ) to kill the 
aphids* She plants after such treatment ware kept under 
observation in insect proof condition for 30 days for the developsenl 
of the symptom•
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11) Heaiaia tabaol

Healthy 0. moaohata plants of 10 days old 
wore raised la sterilised soil under insect proof condition.
Villi to files after acquisition feeding on the inoculated plant® 
wore transferred to the test plants at the rate of 15 White flies/ 
plant with the help of aspirator and inoculation feeding was done 
in transalssioa cage following the proeodur© described before • • 
Requisite number of healthy C, so©abate plant© of 10 days old 
wore raised before hand. After 84 hours of .inoculation feeding 
eucGSosiifO transfer of white flies to 10 days oM healthy 
V, aooehata plants were done at an interval of 24 hours for 5 days 
(180 hours) following usual technique. Incase of each set of 
exporioonts, after completion, ths plants were ©prayed with 
Smsithion (0.03 per cent) to kill, the white files, She plants 
after ouch troatnonts wore kept under observation in insect proof 
condition for 30 days for tho develop}© at of the symptom,

d) illactroaaloroscopLV of the ieolatoo*
Healthy .squash plants ( Oueurblta ueno 

cv,. i&rly Irollflo ••Steightsoch) tars raised in pots containing 
sterilised soil under inscot proof condition, I’haao plants at the 
age of 10 days ware separately inoculated with the isolate® 
following the usual cap inoculation technique. She inoculated 
plant© were kept under insect proof condition upto SO days till

* 2he ©lectronniorosGopy of the isolate© ms done at the Siophyeio® 
Laboratory| Sato Inctitut© of nuclear Physios*. 37»0olgaohia Road* 
Cblcatta-»37«
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the characteristic symptoms developed * Young leaves hhewing 

distinct symptoms wore collector! iscom these plants and the sap 
ism those loaves were GiGo1a?onnlcroGcopically observed fallowing 

tlio flip method ( Brandos, 19371 19645 using negative staining with 

2 per cost potassium phoophotaagotato (FrA) having pH 6,5 
(nitehbom and Hills, 1965)*

So perform tho method, Copper griilo: (400 mQOk of 9 
ailliaotoar la diameter) were taken as mounting madia, Shoe© .grids 

mm than coated with thin filoa of carbon, i&ch carbon coated 

grid me then, picked up with a fins pointed forcep, placed 

horizontally and kept in that position with the help of a clasp, 
k drop of 2 par cent P5S& at pH 6,5 was pit on each grid,

I/aaf samples after being coiloeted from tho inoculated 

plants, were kept in refrigerator for one hour, Ihen assail place© 

were out out ism each sample with the help of a ©harp razor bind® 
and tho out edge was very quickly dipped for 5 seconds In the 

otain on tho grid, so that the sap with tho. virus sight be dropped 
Into the stain, Sho stain was then dried and each grid was put oa 
a piece of filter paper la a Be tridish* vJhllo opening the foroep 

tsm the grid, tho grid me slightly pressed against the filter 

paper with the opposite side of a bent noodle oo that the grid 

might not stick to tho for cep, Bach grid ms then observed under 
a microscope with the low power objective to check the continuity 

of the -filet oa it. In case of any break in tho film, the grid 
ms to be discarded, In this' way, 18 grids were prepared with - 
two re plica to a for each sample obtained from ©quash plants 

inoculated with nine different isolates.
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' . iJacsi grid was than obtained, under an eloctronmicrosoops 

(Diemens iSUMnOfcop-l at 60 Silo' Volt and at an oleo-tronie 

modification of 8000X ).

After eaaoiaing tho locations in each grid mioro virus 

particles were present la tho electron microscope* suitable 

photographs wore taken, In this way, q number photographs of 

the virus particles of each isolate were taken. The measurement, 
of tlio size of the partioleo .was mode by aoasuriag tlis length, and 

breadth of the photographic isage of each • particle and- tlies 

dividing the data by the electronic ami photographic magnification 

of it. ffhe photographic oagni float ion ®3 determined with the • 

help of a crossed rule grating having; known length. Photograph: 

of tho ggatisg was taken under the same electronic magnification 
and the verification of the- grating obtained was conoidored as 

tho photographic verification#

o) Urological.relationship of the ioolateo

$o determine the serological relationship of
i

tho isolates, studies were andertakon for antigenic comparison 

between them by performing 0 Agar double diffusion ** tGabaig.u@ 

(CtaBRfte*. 1961), Antigens war© obtained from the inoculated plants, 

Antisora were obtained £sm rabbits after injecting thori with the 
respective antigens, /mtigofis-Antisora reactions wore studied in 
agar plates/ and tho relationship between the isolates were 

recorded by observing the appearance of characteristic pro ci pi tat ion 

bands in opeoiflo areas as a result of antlgene-cmtisera reactions*
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1} IC?q carat ion of viral antigens

Healthy G, mopehata plants of 10 days old were 

raised in sterilised soil under insect proof condition, fteee® 
plants wore separately inoculated with nine different isolates 

following usual teohnigus and th® inoculated plants vmr& fcept 
under insect proof condition for 20 days for the development of 

symptoms* The plants showing typical symptoms for the respective 
Isolates were used as sources for the preparation of viral antigen 

of each isolate.

Antigen of each Isolate was extracted from 

young infected plants by grinding the leaf tissue ( 4 ©as ) with 

a fixed, volume (4 ml ) of phosphate buffered saline (0.0111,

*• &1L,P0| and 0,85 par cent Ha Cl ) at pH 7*1 in a mortar 
by adding a little .sterile neutral sand at 4°0, Hie homogenate waa 
then subjected to centrifugation at 15000 x g for SO minutes at 
4°C using International IBC ilofrigoratod Centrifuge Liodei PE-2, 

foe clear supernatant layer was decanted and used as viral antigen 

for iEisunisatlo.il of rabbitst Proshly prepared antigen of each 

isolate was used for immunising rabbits,

2) Preparation of antisera

2o prepare the antisera with respect to 

different antigens healthy Belgian white Babbits (2-2,5 Kilo gram 
body weight) were obtained, She antigens were intravenously 

injected into the rabbits through their marginal car veins, Bach 
rabbit was injected nine tiines with increasing concentrations of 

each antigen at four days interval*. .Before each injection* the



48

' respective antigen was emulsified with equal volume of 0*03 
par cent Sodium alginate as an adjuvant (Slaving 1950)* She 
first infection was made with 0,1 ml nation or in other words 
with 0,2 a& antigen-adjuvant mixture* 2ho second'and third 
Injection was made with 0,2 mi antigen or in other words with 
0,4 mi antigen-adjuvant mixture. In the fourth injection, the 
concentration of the antigen was raised to 0,4 ml (0,3 ml 
antigen-adjuvant mixture) and in the fifth injection, the 
concentration of the antigen was raised to 0,5 mi (1,0 ml antigen?* 
adjuvant mixture), In the subsequent injections, however, this 
concentration of the antigen was used, After the ninth Injection, 
the rabbits were kept for 10 days, and then they were bled by 
cardiac puncture,

i

$ho blood samples were asoptically collected in 
15 ml centrifuge tubes and allowed to coagulate by keeping the 
tubes at room temperature (25°C) for 1 hour, 2h© coagulated blood 
clots were then loosened with the help of a sterilised glass rod 
and- the samples wore then kept overnight at 4°C, The liquid 
portion, of the samples were then decanted and centrifuged at 
10,000 x g for 30 minutes at 4°G* the clear straw coloured 
supernatant thus obtained to® considered as antisera, She antisera 
were then dispensed into sterilised serum bottles and preserved in 
deep frees© for farther use,

3) A/nr double diffusion technique
i

Agar double diffusion technique ms 
performed according the method of Growl© (1961), Good quality 
laboratory grade agar was washed overnight' In running tap water
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■ followed by washing in abooluto alcohol.- 2lia agar sao then 

thoroughly waohsd la tap watoa? followed by repeated washing la 

glass distilled water, 2ho vjQohod q^ji? tliao obtained vaas than 
dried 4a a hot air own at SS°0 for 24 hours and was used in ths 

oxperic&nt, She agar plateo (previously sterilised ) for the test
tare made up of 2 per cost agar 4a 0,010 phosphate buffer at pH 7,1. 

®hoa with the help- of a sterilised cork borer flv© wells (on© well 
ia the coafcro and other four walls ware around It ) were m&o within 

©ach agar plato, Jacli wall was 3 oa deep and 6 na wide and the
distance between tlio wolls was 10 aa, 0,4 al of undiluted antisera 

vmm taken at the central wall of each aipr pinto* Oat of the 

four ©astounding walls, throo war© filled up with different undiluted 

antigens (0,4 ml for each well) and the fourth on© was filled with 

0*4 ad of phosphate 1mf.fo.red saline as control. In this way, 
anticone obtained froa throe isolates wore accomodated 4a one- 
potsidioh a ad so for nine isolates, thro© Bctridlshoa were used*

She ojsporiaent was parfonaed la triplica tee.

fho plates were incubated at 4°S aid examined periodically 

for the appearance of characteristic prooipitatioa band© apt© 14 

days, She plates mso examined within a special dark ehaaboared 
box against reflected light a© suggested by Growls (1361), She 

precipitation bands that appeared as a result of the antigens** 
antisera reaction© were suitably drawn, Suitable phhtogr-aghe mm 

also taken wtomw- possible, 2h@ proeipitation bands-were 

numbered according to their node of appearance and their relative, 

distance from the respective reactant wells.
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i), BioeasrcioAL crni^s in 2H£ li&vss ag .cuoiEBim nosom______________ _________ __ wia
PM5gS jpgQQgMiftJP’ \7XgU VZHUB XS0MgJ3 A2 TOiaaaiig
ssMiss m &sqd&3&;sz3

Healthy C, mosohata seedlings were raised la 
sufficient number mxlor insect proof condition, 2ho seedlings 

were separately inoculated at the age of 10 days with nine different 

isolates| maintained in G, aocebata plants following usual sap 
inoculation technique. 2ho plants thus inoculated were kept under 

Insect proof condition for the development of symptom.

leaf samples (apical three leaves) wore collected 

from the inoculated plants and the healthy plants as well at three 
different stages of pathogenesis, She first collection was made 

at the time of symptom oppression la other words 10 days' after 
Inoculation (Stage I), fho second collection was made.at 
after symptom oppression tint moans 40 days after inoculation 

(Stage II) and third *collection m& made at-2 months after symptoms 

expressions or in other words 70 days after inoculation (Stags III)#
She samples, la triplicates, obtained after such 

collection were analysed for tho (a) chlorophyll (a, b and total)

(b) buffer soluble protein (c) total (SOA pracipitable) sap protein 

(d) reducing sugar and starch and (e) ribonucleic acid 

content in them.

a) Ohloroplnrll (a,b and total)
$o estimate the chlorophyll content (a,b and total) 

of the samples of all .tho collections* the samples mm first 
thoroughly washed wife glass distilled water, She camples air dried 
and the method described by iJaohianey (1941) and Xoshlda ©t al.(l97l)
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ms utilised for dotcmimtton of chlorophyll contents, ' -2 - grass 

ot each sample were .out Into omll pieces, 2he tissues were then 

grinded and lioaogontsod in a glass aortar and pestle adding 

requisite quantity of GO per cent acetone (Analar Grad©), S?he 

' homogenisation mo ccafeiniiedtill tlssuos became completely 

chlorophyll free, i’hc supernatant ms than do canted through 

filter paper ( V/hatexm lio, <•£). 5SiO extraction process was 

repeated thrice following the similar procedure, fotal volume of 

the supernatant mo mdo upto 10 ml in a voluoetrie flask with 80 

per cent acetone, Shon 5 nl of this solution was transferred Into 

a 50 al volumetric flask and the volume was mad© up with 80 per cent 

acetone, Sheeo oanploo were utilised for oetiaating chlorophyll 

content by opactrophotone trio technique, 3 ml of the prepared 

solution mo taken la each cuvott© and tho absorbancy of this 

solution ms determined at two different wave lengths namely 663 tyu 

( for chlorophyll a ) and 645 nyu (for chlorophyll b ) In a 

Boctoan Model 30' Op©otrophotoootor, Sho absorbancy recorded in 

this my was converted to obtain tbs quantity of chlorophyll & 

and b present in tho test solution by following tho method of 

yoshida at al. (1971), 2o estimate the total chlorophyll content 

la tho teat sample, the quantity of chlorophyll a and b 'amm added 

together according to tho method described by Yoshida at al. (1971),

b) Suffer soluble .nrotein

So estimate the buffer soluble protein 

content of the samples of all the collections, the samples were 

first thoroughly washed with glaoo <11 ©tilled water, then the 

sample a were air dried and uept in a refrigerator for half an hour.
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She extraction of buffer soluble protein iron tbs chilled samples 

ms dons following the method of Gornal et al* (1949). 10 grama 
of chilled leaf tissues were homogenised in a pro-cooled mortar 

and -pestle with n/15 phosphate buffer (pH 6,0, pre-coded), $he 

homogenised tissues were kept la a refrigerator for 30 minutes 

and then centrifuged at 3000 x g for 19 minutes* the supernatant 

obtained ms taken in a centrifuge tube and equal velum© of 40 per 

cent trichloroacetic acid mo added t© it* $he mixture ms then 
kept at 0°C for overnight, and centrifuged at 4000 x g# She 

precipitate obtained ms washed with ether (Analar Grade) for 

several times to remove the traces of trichloroacetic acid and 
finally dissolved la 3 ml phosphate buffer (pi 6,0),

She estimation of the protein present in the solution 

mo don© according to the method of Govnal et al. (1949)* 2o 3 ml 
of solution 6 ml of n Biuret reagent « * ms added and kept for 

30 minutes till the characteristic pink colour developed.

S?ho absorbancy of the coloured samples at 540- ayivnaff than 
detewaiasd la a Bookman Jiodel BTJ Spec trophotoaoter, The protein 

contents of the sample® were calculated by comparing the absorbancy

* She "Biuret reagent" ms prepared by dissolving 110 ©as of 4.E, 
quality of sodium hydroxide In 100 ml of distilled water in a 500 ml 
conical flask, 5?ho solution was left for a couple of days to settle 
down the sodium carbonate (Ka2G0«), if any, pro sent in the solution, 
92 ml of this carbonate free sodium hydroxide solution ms taken in 
a 500 ml volumetric flask and 208 ml of distilled water ms added* 
100 ml of 1 per sent solution of crystalline copper sulphate 
(OuSO^.SHgO) ms added to the sodium hydroxide (HaOH) eolation and 
the solution mo stirred for thorough mixing.
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of the sample solution with tho standard curve preparad with 

^Bovine albumin" (3,D,H*9 England} at different dilutions.

o) fotal (2GA preoinltaKlc) sag proto in

2o estimate tho total 20.4 prceipitable 
protein In the sap of tho oanpleo of all tho collections# tho 

simples mm thoroughly washed with glass distilled water and then 

air dried. ID |ps- of loaf tissues wore homogenised with slight 
distilled viator and tho sap obtained vies otrained through muslin 

cloth (four fold), 2o each sap ocual volume of 20 par cant 

triohloroacetle acid (fCE^S.iferck) was mixed and allowed to stand 
overnight at 4°0« S?ho mixture was centrifuged at 17>500 x g for 

10 ainutos at 0°0, Iho prodpltate thus obtained was separated 

out and suspended in 5 ml of .loe^cold 93 por cent ethanol containing 

0.,1S potassium acetate and 5 ml of isopropyl ether* -Shis suspension 
was centrifuged again and again till the lipid and colour pigments 

were completely removed assi the final precipitate obtained was then 

mixed with 1 ml of 1 H KaOH' and agitated until 2CA agitated protein 
was completely dissolved, She solution was then diluted 100 times 

with glass dietilled water.

She’ protein content In tho sample wore determined 

according-to the method of Itowpy et al. (1951). 1 ml'aliquot of 
tho diluted protein solution was transferred into a test tube
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containing 5 si at zealot 0*4 After 10 minutes 0,5 si o£ reagent 

B* visas added and ©i»sd thoroughly at one® aul -kept for ,50 minutes*
$he absorbancy of this aisstura at 750 mya was recorded in a Beckman 
B!od©l M -Spectrophotometer,

f© ostiEatQ the protein content is the satsplss, a

Standard curve ^0 prepared with known ccnoontotlcas of ft'Bc?lne 
albamia * England) and th® absorbancy of the eamplgs mi*&
compared 'with the standard curve*

cl) Bodaoing sugar, and starch

To estimate- tho reducing sugar and starch content 

of the samples of all the collections*, the samples ware thoroughly 

washed with glass, distilled 'water and air dried* fhen the samples 
were dried, ia an oven at 80°0 for 48 hours,. She dried loaves were 

out late small pieces and then powdered is a grinder C Arthur II* 

fhomaa CJo*f. S*S,A*) using BO mooh sieve, the reducing -sugar and 

Starch content - of the samples mm than determined following the 
procedure of Toohida ©t al, -100 mg of dried samples

was taken into a' W ml centrifuge tub©, 10 al of 80 per east 
ethanol was added,, she mtature ws kept in a water bath at

Eeagent A* Btssolved 20 pan of 4 gs® of tlaOH aM 200 mg
of KHa-tartarat© in distilled water and diluted to 1000 ml* 

.B-* Mssolved 5 £ps of GuSO^SB^Q in distilled water 'and 
diluted in 1000 ml,

•0 disced S50 volume of reagent A with 1 volume of reagent B* '

■*3) dilated folin*Oioealtesa reagent (3,*B,iit* Ungiand) with 
-an equal volume of distilled water, ■



80°C to S5°G for 30 minutes anil then centrifuged at 3000 x b £6*

15 minutes, ffea supernatant ms decanted into a 50 ml beaker and 
evaporated oa a rator bath at 80°0 to 83°C to reduce the volume 
to about 3 ml* $h©a the volume ras made upto 25 ml with distilled 
rater and used for ©sti&etlag reducing sugar*

The residue was drioci in an omn at 80®Q* £h© dried 
material was taken in a mvitrifiifp tub© aM 2 ol of aistilled rater 
was added* Tho tubes rare put in boiling rater bath for 15 minutes 
with occasional stirring* She tubes were then cooled and 2 ml of , 
9*2 I perchloric add was added to' it with constant stirring# The 
mixture. ras allowed to stand for 15 minutes with occasional stirring# 
ffho volume of tho suspension was made upto 10 ml with distilled 
water and centrifuged at 1200 x & for 15 minutes and supernatant 
was collected * To the centrifuge tube 2 ml of 4*6 1 perchloric, 
acid was added, the volume was made u£to 10 ml with distilled rater 
and centrifuged again at 1200 * g for 40 minntee, The volume of the 
supernatant was made upto 50 ml with distilled rater and this 
solution was utilised for estimating starch,

5 al of these sugar and starch wro taken Individually 
In til©' volumetric flaoka, The volume rare made upto 100 ml with 
distilled \iater* 2 ml of each of these solutions, rare taken in a 
lyrex test tube and placed in oa ic©~bath* To each tubs* 4 ol of 
•Aathroas*1 reagent ( prepared by dissolving 200 mg- antiiron© in 100 ml 
of concentrated sulphuric acid, healer Grade) was slowly added 
allowing the reagent to run down the side of tho tubs*. She mixture
was stirred slowly with a glass rod. After stirring tte tubs© rare

, ; - \

put into a balling water bath for exactly ?#5 minutes and then 
cooled immediately, la case of starch,, only 0,6 ©1 of 0.46 1
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perchloric acid was added ia the tubog* Tno absorbancy of this 

solution at 630 syu was measured using a Beckman Kodol W 

Spectrophotometer, A standard curve was prepared with different 

known. concentrations of pure glucose* SBhe reducing sugar contents 

ia tho samples wero determined by comportas the data obtained from 

tho sample© with those obtained from the standard ©ary®, -2a'case 
of otarsli also- a standard curve was prepared with differs at known 

concentrations of pure glucose after bating with percholoric 

acid as suggested by Yoahido <|t al, (1971). She starch contents
In the -Baaplos wore determined by ompazins' the data obtained from 

the samples with tlioso obtained from the standard curve*

q) aiboaueleio acid (HM)
w ba*we»t»<«pa*gfyi^eiaw ■iwr.-.i r l *

2c estimate the RITA content- of the camples of all 

fefoa collections| tho aamploa were thoroughly washed with glass 
distilled water and air dried, 1 gm of $rosh leaf was taken and 
it was thoroughly crushed with neutral glass powder In o glass 

■mortar and pestle* 2ho homogenised material thus obtained tms 
utilized for estimating IU7H content of the samples following tho 

proca dure, do scribe d by itirby (1956),

5?h© homogenize!. material was transferred in 

stoppered conical flask, 3 si of 0,1t! phosphate buffer (pH 7.0),
3 cl of glass distilled water and 3 tal of 90 por cent phenol were 

added to It and shaken by flask shaker (GAS?, Uo, SL 83, Soshnivral 

0o»f India) for 6 hours, Shea tho mixture mo centrifuged, at 
3000 z b for ID minutoo, She upper aquous layer wac taken out and 
the rest was centrifuged twice at 3000 z g for 10 minutes adding 

email amount of 0,11! phosphate buffer* Tho upjcr aquous layer
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obtain^ mixed with -that obtained earlier., fo this 4 volumes 

of cold 95 par cent ethanol vas added aM loft for overnight in 
cold (4°0) for complete precipitation* The mixture ms then 

centrifuged at 4500 x g for 15 miautos a ad the precipitate 

cashed 5-4 times with absolute ethanol*

The precipitate obtained in tliio my wm dissolved 

in snail puaatity of 0,1?! phosphate buffer (2 aal), .dqual volume 

of elilorof omsoctanol (4j1) mixture ms added to it qM shaken 

rigorously for 50 ■minutes. ■ The fixture m& then esatrifugod at • 

20*000 x g for 15 .adnutos, The precipitate) obtained ms treated 

•with 4 volumes of eolct 35'per cent ethanol and teept overnight in 

cold at 4°G. flac mixture vbo then centrifuged at 3000 x $ for 

20 minutes*, Sho precipitate obtained was treated again with 

chloroform*ootanol (4s 1) mixture following the same procedure.

Tho precipitate finally obtained vas dissolved- in 5 nl of 0,111 

phosphate buffer (pH 7,0)»

1 si of the above eolation was taken in a fyrox test tub® 

and diluted with 1 ml of 0.11! phosphate buffer (pG 7,0) and 2 ml 

of ” Se^baua*© reagent « # prepared by dissolving 100 sg Orclaol 

in 10 ml of coventrated hydrochloric acid ( Aaalar Grade) 

containing 0*1 per cent ferric chloride (SbOla.CHgO), was added to 

this solution*. Sis nixturo me thoroughly shaken and p3acod on a 

boiling water bath for 10 minutes with occasional stirring till 

blue green colour developed, A blank was also made by tskmg 2 ml 

of buffer and 2 ml ox reagents arri similarly 'heated for 10 aiaatoa. 

The optical density of tho mixture was measured at 66Q syu in a 

Beckaan Model Oil Spec troplaotoae tor using the blank ao control.
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standard euartfe waa prepared with different known concentrations 

Qt • "'least OM, ” , Bagland). i’he EM eoiitents in the • samples'

ware de teratnod by comparing the data obtained from the sample a 
with those obtained, froa the standard curve*



a, iiioiiisKea of vi:ms djsjasbs

Bata obtained da. the relative inside ace of 

virus diseases of pumphla ( O.mosobata Poir ) in different 

districts of l&st Bangal la tte month of Fohraarjr-^areh ,1973 
have been presented la the Sable-2,. It ms observed that 

60.00 4 4.50 to 89.33 £ 3,47 per cent pleats mm infested 
by virus diseases under conditions prevailed during the 'period 

of observation*

la the critical study with'the diseased plants, 

it ffis observed that the types of symptoms differed. ®j© types 

of symptoms observed in different fields have boon presented 

in fablo-3. It ms observed that at least six different types 

of symptoms appeared ia the fields ( Plat© I - III, figures 1-6 

ileoults obtained on the relative incidence of different typos 
of field symptoms during the period of observation have been 

presented in fablo«4. It is apparent from the fable-4 that the 
type II symptom complex predominated in the fields during the 

period of observations.'
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Figure 1, Pumpkin plants showing Type I symptoms

Figure 2, Pumpkin plants 
showing Type II 
symptoms

PLiM - I Different types of leaf symptoms observed In 
virus Infected pumpkin plants In the fields.



Fi&re 3. PampKln plants
showing Type III 
symptoms

i

Figure 4. Pumpkin plants 
showing Type I▼ 
symptoms

v
PIATjS -II Different types of Leaf symptoms observed in 

virus infected pumpkin plants in the fields



61

up
pe
r 
su
rf
ac
e 
of
 t
he
 l
am
in
a 
.s
ho
we
d 
ye
ll
ow
!a
h 
ch
lo
ro
si
s 
f/
ni
eh
 ' 

St
ar
te
d.
 a
t-
 t
he
 m
ar
gi
n 
an
d 
gr
ad
ua
ll
y 
ex
te
nd
ed
 i
nt
o 
th
e 
-e
nt
ir
e 
la
mi
na
, 

te
rk
 g
©s
$a
. 
bl
is
te
rs
- *

mm
 f
ou
nd
 a
ro
un
d 
th
e 
mi

m 
pa
rt
ic
ul
ar
ly
 m
ar
ly
 

tf
ca
 M

m 
-&
£ 
tt
m 
la
mi
na
, 3

®b
to
 s
ar
l&
ee
 -
of
 th
e 
la
mi
na
 t
ec
aa
© 
wr
in
kl
ed
, 

fh
e 
ma
rg
in
s 
be
ca
me
 s
er
ra
te
d 
an
d 
th
e 
sh
ap
e 
ms

 f
ou
nd
 to

 b
e 
di
st
or
te
d 

II
, 
fi
gu
re
 5
 )•
.■

-s
te
i

fi
le
 l
am
in
a 
ap
pe
ar
ed
 t
o.
 b
e-
 r
ed
uc
ed
 i
n 
si
se
, 
Sh
e 
up
pe
r 
su
rf
ac
e-
 o
f 
th
e 

la
mi
na
 s

te
d 
fa
ll
ow
 m
ot
tl
e 
wi
th
 s
ca
tt
er
ed
 d
ar
k 
gr
eo
a,
 b
li
st
er
s.
 

Qa
se
&n
 t
en
ds
 w
er
e 
fo
un
d,
 ar

ou
nd
 a
ll
 t
he
 m
in
s,
 2h

s 
wi
ns

 t
en
de
d 
to
 

co
al
es
ce
 n
ea
r 
th
e 
ba
se
 o
f 
th
e 
la
ta
lm
, 2

h©
 .
su
rf
ac
e 
of
 t
he
 l
am
in
a,
 

em
at
te
ll
y 
ba
ca
sa
© 
wr
in
kl
ed
 .
an
d.
 p
uc
ke
re
d*
 t
he
 m
ar
gi
ns
 o
f 
it
. 
be
ca
me
 

ir
re
gu
la
r 
an
d 
th
e 
st
ep
© 
be
ca
me
 d
is
to
rt
ed
 ( 

Pl
at
e 
I*
 F
ig
ur
e 
i.
 ),

fh
s 
la
mi
na
 a
pp
ea
re
d,
 t
o,
be
 r
ed
uc
ed
 i
n-
ai
se
* 

Hi
© 
up
pe
r 
su
rf
ac
e'
,o
f 

tt
e 
la
mi
na
 c
ho
se
ed
 m
ot
tl
in
g,
 f

ol
lo
wi
ng
 a
pp
ea
re
d 
ne
ar
 t
he
 m
ar
gi
n®
 

'W
hi
ol
i 
we
re
 f
ou
nd
 t
o 
-e
xt
en
d 
gr
ad
ua
ll
y 
in
to
 t
he
 e
nt
ir
e 
la
mi
na
, 
ti
re
ea
 

’te
nd
in
g 
al
on
g,
 t
he
 w
in

s 
wh
ic
h 
we
re
 m
ot
® 
pr
on
ou
nc
ed
 t
ha
n 
th
at
 i
n 

ty
pe
- 
I*
 M

ar
gi
ns
 b
sc
sa
e.
 i
rr
eg
ul
ar
 a
s!
 s
li
gh
tl
y 
se
rr
at
ed
..
, 2

1 
of
 t
he
- 
la
mi
na
 b
ec
am
e 
di
st
or
te
d 
(H
at
e 
tf
 f
ig
ur
e 
2-
 )
,

te
me
te
ri
at
ie
 a
lt
er
at
io
ns
 l
a 
th
e 
yo
un
g 
le
am
©

II
III

SU
fo
,*
 fy

pa
s 
of
 s
ym
pt
om

w
nt

tw
jrM

CT
ni

«M
M

in
 >

 w
ria

r ‘i
ga

—
ca

w

Kl
ar
sh
-

fi
oM
ia
 o
f.
 d
if
fe
re
nt
’ d
is
tr
ic
ts
 o
f 
\m
m%
 B
en
ga
l 
du
ri
ng

Sa
KL
® 
3*
 S

ym
pt
os
a 
-o
f 
vi
ru
s 
di
se
as
es
 o
f 
.p
um
pk
in
 (
' 
Ou
go
iP
bl
ta
. 
ao
ee
ha
ta
 P
ai
r 
) 
fo
un
d 
in
 t
he



p

Figure 5. Pumpkin plants 
showing Type V 
symptoms

Fl^nro 6, Pumpkin plants 
showing 2ypt VI 
symptoms

PL&TiS -III -Differuat types of Leaf symptoms observed In.
virus Infected pumpkin plants in the fields.
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B, 'i-iiAuZJI umtiilhT.it Of.iTBdl IIGB5P$0!I

Bata obtained on tho teaaemisaibility taste 

with type II syaptass ccoplox have ’been presented in tba 

Sable ■«*3. it appears iCTom the table that 31 to 80 per cent 

transfisaioolon of the ayuptoias vaa obtained by cap transmission 

technique, It is further apparent that the ©yaptoaa developed 

In all the inoculated plants were not identical to each other 

and at least nine different types of cyaptocts were observed 

ia the laoculatod plants tvMeb have been presented in the 

!£abl©« 6 and .Plate I? - VIx, Pleura 6 - 14*

Dine types of eyraptoms however* were not 

obtained from a oinGlo collection, when the type II sysptoa ' 

complexes ‘ware collected from time to time ia batches and 

the aap extracted from thorn were inoculated to tost plants* 

those nine types of qysptoas were appeared from fho different

bat olios of samples.
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figure 7, Pumpkin plants
showing symptoms 
of Isolate Aj

Figure 8, Pumpkin plants
showing symptoms 
of Isolate A2

Figure 9* Pumptiln planks
showing symptoms 
of Isolate A^

PlAId -xv leaf symptoms of different isolatea from 
2ype II symptom complex.
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figure 10. PuapAin plants showing 
symptoms of Isolate

-T Leaf symptoms of different isolatesfroa
?ype II symptom complex.

figure 11, Punpicin plants showing 
ayaptome of isolate A^
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Figure 12* Pumpkin plants showing 
symptoms of isolate A6

Figure 13* Pumpkin plants showing 
symptoms of isolate

\

PIATii -VI Leaf symptoms of different isolates from 
2ype II symptom complex.
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Figure 14. lunpkln plants shoving symptoms of isolate AQ

Figure 15* Pumpkin plants shoving symptoms of isolate Ac

PIASiS tVII Leaf symptoms of different isolates from 
Type II symptom complex*



Figure 16, conation ayraptoa on
pumpkin leaves doe to 
infection of isolate Ag

Figaro 17 * ^nation symptom on pumpkin 
leaves due to infection of 
isolate Aq

-VIII iinatlon symptoms due to Isolates A2 and Ag 
on the under-surface of pumpkin Reaves
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Imm the sniffle*## it is evident that treating 
the stented inooula of the- isolates A.f - at different : tempera tees 
miasly 40%» 43%, 30%, 55%, 60%, 63% and 7#t far 10 ateites 
and utilising those boated iaocola for inoculating healthy 
S# aoaohate plant® to detonate the -tberttel imetivattea of the 
isolates tamer' consideration, the standard inoenla of neat of the 
Isolates tea tod at temperatur® shove 50%,. prciisced anysysptea in

'i

the inoculated plasto, the standard inooala of and 4^, produced 
SBftapt&&0 even whan treated at 50%, ®jo- proentagea of infection 
with the inocuia of 4^ treated at 4®% 45° and. 50% were ft# 39 and 
0# fh© percentages of Infection with, til® Inoemla of Ag treated at 
40s, 45° aM 50% were 33# 11 idl 4 ro©p©cttelyt She standard 
iaooulS:' of 4g| A^i Ag|: and Ag produced ayaptoEa# when tented
at teapomtures opto 45%* She pereeataeeft- of iateotion with the 
iaocala m thorn isolates tea tod at 40° mm -34# M$ 45# 40 and 9* 
SSte percentages of infection with the incculn. of teas isolates'
(As# Aj|# 4g# -Ay and Ag)f tea tod at 43% were 3,7# 10# B and 2 
respoetfreiy# ‘2hs standard iaocuia of the isolates 4^ and % 
produced SSWtoos only apt® treatment at 40%« SfhS peroaataga® of 
infection with the iaoeala of these' isolates tested at 40% were 
12 and. 8#

##
$. a

I© |W
» I©

I
*rfl«

«# o © o ## «#

o «#
■ s c #* © » R
3 &. wf © !«#

-» [♦% |e# Ife# mI#
?.*
4

:•

x



71

She results Indicated that the standard iaocula
of the iso3atos A1 ana &Ct tie came inactivated whcm treated at

• ./

temperature between 50°-55°C, She standard iaocula of the isolates

Ag, A^# Agf Aj and Ag ho cane inactivated when treated at temperature 
between 45° *■ 50°G, She standard iaocula of the isolates 4^ and Ag 

became inactivated when treated at temperature between 4GQ-45°C.

2. Determination of dilution end ooint

?roe the table 8, it 4 a evident that the 
iafoctivity of the standard iaocula obtained from the different 

isolates msQ different at different dilutions, She- standard Iaocula 
of the isolate Ag could produce symptoms even when diluted upto 10*^, 

fho percentages of infection with the standard iaocula of this

isolate at the dilutions of 10-1.0 ,rt~1,5 *rt-2.0 4A-2,510 , 10 10 and
10 •5.0 „wore 51, 53, 27, 12 and 9 roopoetlvely, Aha standard inocula
of the isolate A^ could produce symptoms when diluted unto 10‘P‘2*"’. 

2h©' percentages of infection with the standard inocula of this
•1.0isolate at dilutions of 10 # . 10 , 10 and 10 were■1,5 -O .0 -2.5

59, 36, 10 and 2 respectively, fhe standard .iaocula of the Isolates
—^ QA^, A^ and Ag could produce symptoms whoa diluted upto 10 ^ . She

percentages of Infection with the standard iaocula of the isolate 
A~ at dilutions 10*"1 * *' ami ID**2*0 were 50, 25 and 5

respectively, She percentage a of infection with the standard Iaocula 
of the isolate A^ at the above dilutions wore 59, 12 and 4 respectively 
2ho percentages of Infection with the standard iaocula of the 
isolate Ag were 52, 2? and 6 respectively, She standard iaocula of 
the Isolates A^ and ACj couM produce symptoms when diluted upto 
10~1*5. fha respective percentages of infection with th© standard



72
inooula of Ag at the dilutions of lO*’*5 *° and 10*^ •*, war© 42 
and 17 respectively, 2ho respective percentages of infection 
with tis standard inooula of A^ at the above dilutions, wave 
28 and 7 respectively, 2ho standard inooula of the Isolates Ai 
and A@t oouM not produce any symptom oven at the dilution of
10 •1.0

She rooulta showed that the standard inooula of the 
isolate An lost its Infoot: ivlty at dilution between 10*"^*® to,c

She standard inooula of the isolate A^. lost its infectivlty
at the dilution batwcoa. 10* O ^•2.U to 10* •3.0 2ho standard iaocula of
the isolates A , and 4g* lost their inactivity at the dilution

„p ft ' „p ebetween 10 *• to 10 * , She standard inocula of the Isolates Ag
and lost their infect ivlty at the dilution between 10"*1f5 to
10■v»u*.0 She standard Inooula of the isolates 4, d Art did. not
show infect! vity at ths dilution of 10* •no

3. Setoralnation of amirux In vitro
Fron the Sable 9# it is evident that the 

iafectivity of tho standard inooula obtained from different Isolates 
differed when they were stored for different length of time under 
ordinary 1 laboratory conditions , fho standard inocula of the 
Isolate Ay could produce symptom ©yea after being stored for 7 
days. £ho porcoatecps of infection with this standard inocula. 
stored for 12 hours* 24 hours* 56 hours* 48 hours and 60 hours, 
were 52, 31, 28, 12 and 4 respectively, fho aaoo inooula when 
stored for 12 hours, 84 hours, 4 days* 5 days, 6 days and 7 days* 
tbs percentage of infection was 1 in each case, fhe standard 
Inocula of tho isolate Ag co$M produce symptoms When stored upto
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84 hours, 2ho percentages of infoe Sion with the standard Inoeula

of tMs isolate stored for 12 houro# 24 hours# 36 hours# 43 hours#,

60 hours# 12 hours and 84 hours ware- 43# 27# 1-1, 7, 5# 2 and 2
respectively, 2ho standard inocula of the isolate A~ .could produce

symptom when stored irpto 60 hours, She percentages of infection

with the standard iaoeula of this 'isolate stored upto 12 hours#

24 hours# 36 hours# 48 hours and 60 hours were 52# 50# 20, 12 and

7 respectively, She standard inocula of the isolates A2#.Aj. and
4^ could, produce symptoms whoa stored upto 48 hours, She percentages

of infection with tho standard iaocaSa of the isolate Ag stored

for 12 hours# £4 hours# 36 hours# and 46 hours mm 45# 2?# 15 and
2 respectively, She perooiTtagas of infection with the, standard

inocula of the isolate A** stored at 12 hours, 24 hours# 36 hours

and 48 hours war© 26# 20# 5 and 2 respectively, She percentages
of Infection with the standard inocula of the.. isolate Aft storedy
for 12 hours# 24 hours# 36 hours, and 4S hours -.Tare 39# 13# 9 and 

1 respectively, She standard inocula of the isolates A^.and Aq 

could produce ’ symptoms when otored upto 12 hours oad th© paresmtages 

of infection under this condition v/sro 37 and 14 respectively,,
3Jhe standard Iaoeula of the isolate A^ could not produce any symptom 

when stored utp 12 hours, ■

fha re emits indicated that the standard inoculum of the 
isolate Aj lost its iafoctivity whoa stored for ooro than 7 days, 
9ho standard inoculum of the isolate Ag lost its infeotivity when 
stored for more than 64 hours, She standard inoculum of th©
Isolate Ar lost its Infeotivlty when stored fen? sore than 60 hours*
l5he standard inocula of tho isolates Ag# A^ aid Ag lost their
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iafeetiirlty v-fhoa atorofl for more than 48 to&urs. She standard 
inoenla of A, and A0 loot tholr iafootivitsr when stored for 

mos?o than 12 hours* Oho standard inoonlim of the isolate 4^ on 

the othorfeand loot its infoetlvity t^isa stored for coro than 6 

hours (3Jahlo 9s)»
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b) Heat gauge of the Isolates

She symptoms produced by th© nine isolates la the 

plant© belonging to Cuourbltacoac. Solamcsae* Lsmmlmm&* 
Gruclfaraa. Carloaoeae* Chenonodiaceaa. Anooyanaceae *&mrantfaaoeae 

and OoB&Qgltae families haveboon recorded and the data-haw 
been presented in Uable~11 according to the observations made 

with aspect to th© families* the observation mis on the bacfc 
inoculation of the isolates from the different plants to the 

£■» moaohata poix have aloe boon recorded along with 'the above 
observations*

Family 1. Cuourbitaceae

Host 1,. Gueurbita aoaehata Poir 

Isototea A, - Ag

She symptoms produced by all the mine 
isolates in C, aoaehata Mir haw boon presented 

in the Sable-6, then the isolates were taels 

inoculatod from 0, aoaehata loir to C* mcoohata 

Polr plants* similar symptoms were also observed*

Host 2* I>aaenairla; vulmxlB S@r. 

isolate Ay

First visible symptoms appeared after 12 

days of inoculation is the form of irregular 
chlorotic areas on the entire lamim, l7itMn 20 
days after inoculation the chlorotic areas 
gradually increased la sis©* She lamina became



Figure 13, lynjptoas of isolate 
A1 on L.vulgartJ)

Figure 19* Jfynptoao of Isolate 
AS 0X1

toms of different isolates on Lagenaria

1II



settled aad greyish yellow in colour, Within 30 
days after inoculation zmasrous dark- green 

blisters v;ith alight vein touting appeared on 

the lamina am it gradually booaao wrinkled, As 
the infection advanced the siso of the laalua ms 

reduced* She margins becaa© wavy and tbo shape 
beesuao distorted with the downward cowing of ' 
tho margin (Hat© 12, Figure 18).

when the isolate m.B back inoculated 

1, vulgaris to C, nooohata Fair Plants, symptoms 
similar to isolate on 0, aoeohata Pair 

(/faole 6) vsero obsorvod.# 1

Isolate Ag

First 'Visible symptoms appeared after 10 
days of inoculation* $he symptoms produced by 

tho isolate Ag wore found to bo oiallar to that 

found with tho isolate (flats IX, Figure 18),
2ho rooulto with the back inoculation to draoschata 

Folr plants appeared to be similar t© the isolate 
Ap on C, soaohata Poir (Sable 6),
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lao3ato

First visible cyaptono appeared after 10 

days of inoculation* fhe oynptoos produced by the 

isolate a9 wore fount! to bo similar to that found 
with the isolate (Plato 12, Figure 18)* She 

results with the back inoculation to 8, aosohata Foir

plants appeared to bo similar to the isolate A^ on

C« moschata i?olr {Sable 6),

Isolate? A^

Avon keeping the plants for 30 days after 

Inoculation, no visible oynptono were appeared on 
t!i© lamina • But whoa the isolate was back Inoculated 

from tho Inoculated 1, vulgaris to o* aoaebata plants, 
typical symptoms of Isolate on G, moschata .

(Eable 6) wore observed on Q, aosohata*

Ioolato Acmir- n nc—miimmirat

fvon keeping the plants for 30 days after 
inoculation, no visible symptoms were appeared on 

the lamina* But when the isolate mo back Inoculated 
from the inoculated 1* vulgaris to 0, aoaebata plants, 
typical symptoms of isolate on C, nosoliata 
(Sable 6) wore observed on 0* aosohata*.

Ioolato i6

First visible symptoms appeared after 10 days
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of inoculation in tfe© tom of irregular chlorotic 
spots at the margin of the lamina, Within 20 days 
after inoculation the chlorotic spots gradually 
coalesced and the lamina appeared to he pals yellow 
in colour. She surface of the lamina showed 
mottling with irregularly scattered mild blisters. 
Within 30 days after inoculation slight rugosity 
and ill defined vein handing appeared on the surface 
of the lamina. At the advanced stage of infection 
the lamina appeared to he bleached and it became 
reduced in sise* Sic shape became distorted with 
downward carving of the lamina (Hat® IX,Figure 19)*

When the Isolate was bach inoculated from 
L, vulgaris to 0. noabbata plants, symptoms similar 
to isolate Ag on C, aoaohata (fable 6) were observed.

Isolate A^

Evan keeping the plants to? 30 days after 
inoculation, no visible symptoms were appeared on 
the lamina* But when the isolate ms back inoculated 
from the inoculated 1* vulgaris to G. mosobata plants, 
typical symptoms of isolate on C, mooohata 
(Sable 6) were observed on 0, moaehata,

«*• I Ml

Isolate

First visible symptoms appeared after 10 
days of inoculation,, 2ho lamim became mottled 
and extremely reduced,. I t became pale greenish



Figure 20. Symptoms of 
Isolate Aaon 
L,vulgarla

Figure 21. Symptoms of
isolate An on
&

P1A£S -X Symptoms of different Isolates on lafiemrla 
vulgaris



yellow In colour. Oithin 30 days of inoculation 

nmKJrous green blisters appeared on tho surface 

of the lataina, within 30 days of inoculation 

green vela banding on the surface of the lamina 

appeared* fho @povmh of tbs plant became severely 
stunted at tho advanced stage of infection 

(Plat© X9 Figaro 20).

ifnen the isolate was back inoculated from 

L, vulgaris to 0* aosohata plants# symptoms similar 
to isolate Ag on 0, laosohata (fable 6) were 

observed,

isolate ,ig

first visible symptoms appeared after 13 
days of inoculation In the form of Irregular 

chlorotic spots at tbs margin of the lamina*

'within 20 days of inoculation tho chlorotic.spots 
gradually increased in else. She surface of the 

lamina became mottled, within 30 days after 

inoculation, the entire lamina became chlorotic 
with, green min bathing ami irregular green 
blisters. At the advanced stag© of infection, the 
growth of tho plant me found to be a tasted 
(mate. X# Figure 21).

Ofeea the- isolate' ©as-back inoculated from 
1. vulgaris to C* mogchata plants, symptoms similar • 
to isolate Ag on 0, mosehata (fable 6$ mm observed
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Host 3. tlomordica charantia L,

Isolate •

First visible symptoms appeared after 8 days 

of inoculation la the fora of slight mottling with 

Irregularly distributed small yellowish ottlerotic 

spots on tho surface of the laoiaa, l/itMa 20 

days after laooulatlon, slight blistering on the 

surface of the lamina was observed* Within 30 

days after inoculation, the lamina appeared to be 

palo green-in colour*.

When the isolate ®s back inoculated from 

l> ebarantia to 0* aoaohata plants* symptoms 

similar to Isolate 4^ on C, moachata (fable 6) were 

observed*

Isolate 40
C

iivon Hooping tho plants for 20 days after 

inoculation, no visible symptoms wore appeared on 

tho surface of the lamina* V/hon the isolate me 

back inoculated from inoculated ||*. charantia to 

0* noochata plants* no symptoms of isolate A*> 

on G. dooefeata (fable 6) tops observed*

Isolate 4a

First visible symptoms appeared after 10 

days of inoculation in the form of irregular small 

chlorotic spots on tho surface of the lamina.

Within 20 days after inoculation, the chlorotic



spots gradiially coalesced and tho lamina appeared 

as- pale green in colour, within 30 days after 
inoculation,mottling with slight green blisters 
wore observed on the surface of the lamina, At 
the advance cl stage of infection, the olse of the 
lamina was reduced, Growth of tho plant mm also 
found to be slightly stunted,

When the Isolate me back inoculated from
n, charantia to C, noachata plants, symptoms similar 
to isolato Aj on C, moochata (fable 6) wore observed

Isolate A,
. *?

First visible symptoms appeared after 8 
days of inoculation in the form of Irregular mil 
chlorotic spots on the surface of the lamina and 
the lamina showed mottle to mosaic, V/itMn 20 days 
after inoculation, slight vein yellowing on the 
.surface of the lamina was observed.. No additional 
symptoms on tho surface of tho lamina wore observed 
within 30 days of inoculation,

v/hen the isolate was back inoculated team 
M* ohegantia to C, moochata plants, symptoms similar 
to isolate aa on G, moschata (2ablo 6) were observed

Isolate An
_ ;1 . ^ J

Pirot visible symptoms appeared after 10 
days of inoculation in the fora of alight mottling 
with irregular chlorotic spots on tho surface of
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tho laoim, Within, 20 days of inoculation, tho 

chlorotic opoto gradually coalesced anti the lataiaa 

appeared a a pale yell ow in colour, I7o additional 

oyoptono on the surface ot the laaiaa were observed 

within 50 days of inoculation,

When the isolate to3 back inoculated from 

Infected H, charantia to C* mosohota plants, 

symptoms similar to isolate A* on 0, moschata 

(Sable 6) wore observed.

Isolate Ag

i'Jvea hooping the plants for 30 days after 

inoculation, no visible symptoms were appeared os 

the surface of tho lamina* When the isolate was 

back inoculated from .inoculated charantia to 

0. oooehata plants* no symptoms of isolate Ag 

on 0, moGchata (Sable 6) were observed,

loolato Ay

First visible symptoms ware appeared after 

10 days of Inoculation on the surface of the lamina, 

liio symptoms produced by tho isolate A* were found
9

to be similar to that found v;;ith the Isolate •

2ho results with the back inoculation to Chaoachata 

plants, appeared to be similar to the Isolate 

on G, aoachata (fable 6),



Isolate A

.First visible oyapt oaa appeared after 10 

days of Inoculation in the form of slight nettling

and irregularly distributed yellow chlorotic spots 

or* the surface of the lamina and tho lamina 
appeared as mlo yellow in colour* within SO day® 

after inoculation? green blisters appeared on the' 
surface of tho lamina and it became puckered. II© 

additional eysptoas on the surface ©f tbs lamina 

mm observed within 30 days after inoculation*

when the isolate mo back inoculated from 
the Infected n. oliaraatla to C, aoaehata plants, 

symptoms similar to' isolate Aq on 0* moechata 

(fable 6) were observed.

Isolate Ag

first visible symptoms appeared after 9 

days of inoculation; , fhe symptoms produced by 
the is Gist o were found to be similar to that

found with the isolate A^* fho results with the 
back inoculation from, infested tl. obarastia to

mmr -M»i ««Biww'»iiitii w «n mi

0. mosobata plants, appeared to be similar to that 

with the isolate Aa on 0. mogehatB (fable 6)*



Isolate
agawwtggwiiitwwww

First visible symptoms appeared after 13 
days of inoculation in the form of irregular 

chlorotic spots at the margin of the lamina *

Within 20 days of inoculation* the surface of the 
lamina became mottled.. At the advanced stage ot •■ 

infection, the lamina became redhead in sis® and 

puckered:#. Slight rugosity was also observed os' the 
ourfa.es of the. lamina#

flhon the isolate me back inoculated from 

infested 3*. cerifera to C, mosehata plants, 

symptoms .s taller to isolate -on-O# mosoliata 
(Sable 6) wore observed#

Isolate Ag

Ihren beeping the plants for 30 days after 
inoculation, no visible symptoms were appeared oa 

surface of the lamlm* When the isolate ms back 
Inoculated from inoculated B# eerifora to G#nosctet

«a*^ iMnw*t*wmiMftiiH 'wirm • «oWwiHnwnnrini?wi»»ii8^c

plants, no symptoms of isolate Ag on O* aoaobats 

(Sable 6} ware observed#

Isolate A^

first visible symptoms appeared after 10 , 

days- of inoculation in the form of mottling of | 

lamina#, Within 80 days after inoeulatlon,irr@giOaj



chlorotic spots appeared on the oatire gm’fee® of 

the lamina* 'Hie lamina Baeaaa isle planish is 

colour* She else of the lamina ?®q frond to he 
reduced*.

tThQS the isolate imp bach inoculated .from 
infested B* oerifega to jg, moschata plants*symptoms 

similar to that with the isolate o» g# moaohafea 
(Sable 6) mm observed*

Isolate A*
»-wwmcj>wvw» j«a wwwnaai *

’Em Keeping the plants for 30 days after 

iaooalatio»f no visible syaptcms mm appeared on 

the surface of tbs lamina* Warn the isolate me 
bach inoculated from inoculated B* cerifera to<n*nfmw imriXMfcwoo.'flwN

0* ^oeohata plants,| - no symptoms of isolate A^ 
on Q, aosohata (fable 6) mm observed *

Similar results mm obtained with the 
isolate A^f .Ag* A^ and Ag*

Isolate A^
. _____ 'O

- iWwcmyaMiiiw iuh i ncwnwi

3vea Keeping tho plants for 30- days after 

inoculation! no- visible symptoms mm appeared on 

tho surface .of the lamina* But when the isolate 
was Inch inoculated from inoculated B* oerifora 
to C.* mosohatai giants* farcical symptoms- of isolate 
Ag on 0* moeohata (fable 6) wars observed on 

0* aooohata*
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Host 5m Sriohosanthes amutm 1,
im ivmrwmm»m*v^iMaiymmmnnft*u.v> .rnunWin wi.—aiinW1 w

Isolate '
r .vwwfrwni i^ii ii MWm«iwi

First visible symptom® appeared 12 days 

after inoculation is the form of irregular small 

chlorotic spots on the entire siirfae© of the lamina, 

Within 20 days after inoculation, the surface of 

the lamina showed mottling and ill defined green 

vein handing. At the advanced stage of infection, 

the lamina appeared to bs pale yellowish green in 

colour ( Flat© XI, Figure 22:10 )

when the- isolate was hack inoculated £zm 

infected 2, angulna to C, noseteta plants, symptoms 

similar to isolate A| on 0. aoeohata (fable 6) were 

observed.

Isolate Ag

first visible symptoms appeared 10 days 

after inoculation in the form of irregular chlorotic 

spots on the margin of the lamina, Within 20 days 

after inoculation, tho chlorotic spots gradually 

coalesced in a linear way, She lamina appeared to 

be yellowish green in colour, fhs. surface of the 

lamina showed slight mottling. At the advanced 

stage of Infection, tho margins of the lamina 

appeared to be slightly Meaohed (Plate XII, 

figure 24*14),



Figure 22, Symptoms of isolate A1,A.
on f.aiKuina *
9»hoaSt ihy* ^ Ss»A ^ # 11«A|

Figure 23. Symptoms of
isolate Ac on D.an^ulnu3

4?LA2?ii -XI Symptoms of different isolates on Trlohoaantbc-a 
aagaina



figure 25. Symptoms of Isolate
on T.an^uina

15oAgV 16«A^ , 17=Aq

PLATd~XII Symptoms of different Isolates on Trichosant^es 
an/tulna
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when the isolate was bade Inoculated from 

infected 2, anguina to C* moochata plants, symptoms

similar to isolate A« on C. mosohata (fable 6) ww
** ,llll: TITr'

observed.

/

isolate Aj

First visible symptoms appeared after 10 days 

of inoculation in the form of irregular chlorotic 

spots'on the entire surface of the lamina, within 

20 days after inoculation, the surface of the 

lamina showed mottling with irregularly distributed 

green blisters, fto shape of the lamina m& 

slightly distorted and the Bim of it was slightly 

reduced (Fla to .XII, Figure 24* 13)*

»7hon the isolate was back inoculated from 

infected 2, an&aiaa to C* mosohata plants, symptoms 

similar to isolate A^ on 0, moschata (Sable 6) 

nero observed*

Isolate

Pirot visible symptoms appeared after 10 day®' 

of inoculation la the form of irregular chlorotic 

spots on the entire surface of tho lamina* within 

20 days after inoculation, tho chlorotic spots 

enlarged and gradually coalesced* She surface of 

the lamina showed Intones mottling* It tho advanced 

stage of Infection, the oise of the lamina was
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o;rfcror;oly reduced and the shape of it was slightly 
distorted and It appeared to bo bleached (.Plate XI, 
Pigare 22?11),

ubea the ioolato me bach inoculated from 

infected £, awraiaa to c* aoocfaata plants, symptoms 
similar to Isolate Ad on C, nogotota (fable 6) were 
observed.

Isolate A^

Plrst visible symptoms appeared after 9 

days of inoculation in the form of numerous 

irregular yellow chlorotic spots on the entire 

surface of tho lamina• within, 20 days after 

Inoculation, the surface of tho lamina showed 
mottling and green blisters mm found around the 

veins (Plate XI, Figure 23).

V/lion the isolate was back inoculated fro® 
infected 2. anim.itna to C. moschata plants, symptoms 
similar to isolate Ag on 0, raooobata (fable 6) were 

observed*

Isolate Ag

First visible symptoms appeared after 12 

days of inoculation in tho form of irregular 

chlorotic spots on tho surface of the lamina. Uithln 

20 days after inoculation, tho surface of the lamina 

showed prominent mottling with irregular dark green
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Mia tars. At the advanced stage of infection, the 

si sc of the lamina raas found to bo reduced and 

curved downwardsC Plato XII, Figure 24*12).

uhaa the isolate mo back inoculated from 
iafoctod f.. aaguina to C, mosohata plants, symptom© 
similar to isolate on C, ooschata (Sable 6) mm 

observed,

.X sola to An
uffin* *

Pirst visible symptom© appeased after 11 

days of Inoculation in the torn of irregular 

chlorotic spots at tho margin of the laaina and the 
lamina appeared to he--pile yellowish in colour, 

within 20 days after inoculation, tho surface of 
tho lamina ®a slightly mottled and dark green . 

blisters nero found to Iks Irregularly distributed 

m It. 2ha sine of the lamina raa slightly reduced

(mate xn, Figure 25*16).,
\7hen the isolate was Melt Inoculated from 

isfectod J?aaftolaa to 0, aoachata plants, symptoms 

similar to isolate An on 0. moschata (Sable 6) were1 .....

observed.

Isolate A0
iswamammmmm*** <J

1

first visible symptom© appeared after 12 
days of inoculation in tho form of irregular chlorotic 

spots at tho margin of the lamina, i/ithin 20 days 
after inoculation, tho surface ©f the lamina appeared
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to 'be slightly mottled but it did not show any 

dark green blisters- (Plate III, Figure S0H7),

TThaa the isolate ms bask inoculates 

from infected 2, aamina to 0* noaehata plants, 

symptoms similar to isolate An on 0, aosehata 

(fable 6) ®re observed*

Isolate
- — - --- -nil in Hu II MM *■*

first visible symptoms appeared after 

12 days of inoculation la tho fom of irregular 

chlorotic spots at the margin of the laaim. within 

20 days after inoculation, the chlorotic spot® 

gradually coalesced and tho lamina appeared pale 
yellowish in colour* She surface of tbs lamina 

showed slight mottling and irregularly distributed 

dark green blisters* Tm surface of tho lamim 

also became* slightly wrinkled (Plate III, Figure 

25*15).

when the isolate was back Inoculated from 
infected 9. aaguioa to C. aosehata plants, symptoms 

similar to isolate Aq on 0. aoschats (Sable# 6) were
■observed.
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extremely reduced and tho ahape of It ®s slightly 

distorted and It appeared to "be bleached (Plate XI*
Figaro 28s 11),

when tho isolate m& Mot inoculated tom 

infected 2. angolas to G« moachata plants, symptoms 

similar to toelato A^ on C, acsofaata (Sable 6) wore 
observed*

Isolate. Ac

First visible symptoms appeared after 9 

days of inoculation in the form of macrons 

irregular yellow chlorotic spots on the entire 

surface of' tho lamina* Within 20 days after 

inoculation, tho surface of the lamina showed 
mottling and croon blisters were found around the 

veins (Plato SI, Figure 23).

■ ■ V/iion the isolate v&b basic inoculated from 
infected ,2. aimiiaa to C* oosehata plants, symptoms 

similar to isolate on e, oosohata (Sable 6) mm 

observed*

Isolate Aq

First visible symptoms appeared after 12 

days of inoculation in the form of irregular 

chlorotic spots on tho surface of the lamina* Within 
£0 days after inoculation, the surface of tho lamina 
showed prominent mottling with Irregular dark green



blisters, At the advanced, stag© of infection, the 
size of the lamina ms found to he reduced and 
curved downwards^, Plats XII, Figure 24*12),

when the isolate me back Inoculated from 
infected $,. angaina to C, aoechata plants, aymptoia® 
similar to isolate Ag on G, xaoaohata (Sable 6) mm 
observed,,.

Isolate Ay

First visible symptoms appeared after 11 
-days of Inoculation In tho form of irregular 
chlorotic spots at the margin of the lamina and the 
lamina appeared to he• pale yellowish in colour, 
within 20 days after Inoculation,, the surface of 
the lamina ms- slightly mottled and dark green . 
blisters mm found to he irregularly distributed 
on it, She .size of the lamina was slightly reduced 
(Plate XII., Figure 25*16).

When the isolate ms hack inoculated from 
infected f, angolaa to C, moschata plants, symptoms 
similar to isolate &j on C, moachata (Sable 6) mm 
observed..

Isolate A,-.O
i

First visible symptoms appeared after 12 
days of inoculation in the form of irregular chlorotic 
spots at the margin of the lamina * Within 20 day® 
after inoculation, the surface of the lamina appeared
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to be slightly mottled bat It did not show a ay 
dark green blisters (Mat® XII, Figure 25*17)*

when the isolate ms back inoculated 
from infected 2* anguina to 0, aoschata plants, 
symptoms similar to isolate Ag on c, aoacbata 
(Sable 6) wore observed,

Isolate Ag

first visible symptoms appeared after 

12 day© of inoculation in the form of irregular 

chlorotic spots at the margin of the lamina, Within 
20 days after inoculation, the chlorotic ©pots 

gradually coalesced and the lamina appeared pale 

yellowish in colour, She surface of the lamina 

showed slight mottling and irregularly distributed 

dark green blister©. She surface of the lamina 

also became ©lightly wrinkled (flat© XII, Figure 

25:15).
when the isolate was back inoculated from 

infected f. aaguiaa to 0. moschata plants, symptoms 
similar to isolate Ag m 0. mosohata (labl© 6) were 

observed.



.Host 6* buffa oyliadrlea Hoorn,

Isolate A1

JPirst visible symptoms appeared after 6 
days of inoculation in the fora of si auto chlorotic 

spots at the margin of the lamina and the lamina 
appeared; to bo palo greenish yellow in colour. 
Within 20 days of inoculation, the surface of - the 

lamina was slightly iaottlad, Tho spots rsiaaincd 

to bo minute and pale yellow in colour.

51aen tho isolate ma lack inoculated from 

infected L. cyHadrlea to C, aoschata plants, 

symptoms similar to isolate on C* acachata 

(fable 6) were observed*

Isolate An
Cmm*WVW<K.»-<»nt«W

J3w,n keeping tho plants for 30 days after 
inoculation, no visible symptoms were appeared on 

the surface of the lamina* But when the isolate 
ms back inoculated from inoculated 1* oylindriea 

to C, noseha.ta plants, symptoms similar to isolate A 
on C, aooohata (2ablo 6) were observed*

Isolate A^

illvea keeping the plants far 50 days after 
inoculation, no visible symptoms were appeared on

the surface of the lamina. when the isolate wns
*

back inoculated from inoculated i, oyliadrlea to 

0, aoochata plants., no symptoms of isolate A-
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cm C, aoochata (Sable 6) were observe d,

Similar results were obtains a csith the
iooletoQ Apjf, and A^„

Isolate A„

First visible symptoms appeared after 6 
days of inoculation, She symptoms produced by 
tlie ioolato A^ m’Q found to be similar to that 
found with the isolate A.^, 2lio results with the 
bach inoculation to 0, laoootota plants appeared 
to be similar to the isolate- A, on S. mooohata«■» tmmm wmmtmMmm

(Sable 6)*

Isolate A,

First visible symptoms appeared after 7 
days of inoculation in the fora of irraculay 
chlorotic spots at the margin of the laoim, 
Ulthia 20 days after inoculation, the chlorotic 
spots gradually spread on the satire surface of 
the lamina, 2ha sarfhes of the lamina showed 
Gliflit nettling,. Ihe spots regained to- b© ainuts 
and. pale yellow in colour.

Uhon the loolato was back inoculated from 
the infected L, cyllaflrlGa to C, aoeohata plants, 
symptoms similar to that with the loolato on 
0* moachata (fable 6) were observed, .
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Isolate 4^

First visible symptoms appeared after T 
days of inoculation in the form of irregular 
isolated chlorotic spots on the entire surface of 
the lamina, flthln 20 days after inoculation,the 
surfhoo of the laminar ahoraed slight mottling. At 
the advanced stage of infection* slight vein 
clearing ras observed, 2ho siso of the lamina ms 
also found to be slightly reduced with downward 
caving of the margin,

'dlian the isolate wao back inoculated from 
the infected L, oylindrica to C, moschata plants, 
symptoms similar to isolate on 0, moschata 
(Sable 6) were observed.

Host 7, luffs aoutangnla Romb,
Isolate

Hven hoc ping the plants. for 30 days after 
inoculation, no visible symptoms wro appeared on 
the surface of the lamina, ''.'bon the isolate ms 
bach inoculated from inoculated L, acutangala to 
0, mosehata hlants, no symptoms of isolate A* 
on 0. mooobata (Sable 6) v;ero observed.

Similar results v/ere obtained with the
isolates aa and A0,o
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Isolate Ag

3von hooping tlio plants for 30 days after 

inoculation, no visible sysptono mro appeared on 

the surface of the lamim. Bat when the isolate 

was back inoculated from inoculated L. acdtao^ula 

to 0, noschata plants, symptoms similar to that 

with the isolate k0 on 0, moeohata (fable 6) were 

observed*

Isolate k^

first visible symptoms appeared after 6 

days of inoculation in the fora of irregular 

chlorotic spots at the inargin of the lamina* Within 

20 days after inoculation, the our face of the laralm 

appeared to be slightly mottled. Within 30 days 

after inoculation, the leaves became extremely 

reduced, bleached a ad puckered. At the advanced 

stage of infection, the plants became severely 

stuntod ( Plata Sill, riguro 26)*

When the isolate was back inoculated from 

the infoctod I», aeutongula to C, tiosohata plants, 

symptorao similar to isolate A- on 0, raoaebata 

(Sable 6) ware observed.



____
Fi gure 27. Jynptoms of isolate Ac on L. acutafibula

PUT* -XIII Syaptoras of 
acute r&ula.

figure 26. oyraptoos
of Isolate 
A, onL.acutengula

Figure 28. Symptossof isolate iU on L.acuta -i -ula 1

different isolates cm luffa
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Isolate
j -|- r- j-.n-yM- **

first visible symptoms appeared after 7 
days of inoculation in the form of irregular 
chlorotic spots on tlio oatiro surface of the 
lamina, i/ithia 20 days after Inoculation, tbs 
spots {gradually became increased in number and 
appeared to bo distorted on tte entire lamina• 
r/ithin 30 days after inoculation, the spots 
remained miauto and gradually became slightly 
necrotic. She ourface of the lamina showed 
slight mottling (Plate XIII, figure 27),

when tho ioolato ms back inoculated from 
infected L, acutannula to G. aooehata plants, 
symptoms similar to Isolate A& on C. aoschata 
(Sable 6) were observed.

Isolate

first visible symptoms appeared after 6 
days of inoculation, Ibo symptoms produced by the 
isolate Ag were found to be similar to that found 
with the isolate Ag, 2ho results with the back 
inoculation to 0, mosohata • plants appeared to be 
similar to the isolate on C, aoechata (fable 6),

Isolate Aj

first visible symptoms appeared after 7 
days of Inoculation in the fom of numerous , 
irregularly distributed chlorotic spots on tho
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entire surface of the laoim ana tho lamina appeared 

as slightly polo yellow in colour* within 20 day® 

after inoculation, the surface of the lamina allowed 

slight nettling. ■ Within 30 days after inoculation, 

the chlorotic spots wore minute, gradually became 

bleached to slightly necrotic (Plato XIIIj 

Figure 23),

Dhoa the isolate was baci£ inoculated from 

infected 1* acutanru.la to G, noacteta plants, 

symptoms similar to isolate Ay on C, mooebata 

(Sable 6) wore observed.

Isolate A{j

iivon hooping the plants for 30 days after 

inoculation, no visible symptoms were appeared on 

the surface of the lamina. But whoa the isolate 

was bach inoculated from inoculated L* aeutanmla 

to C. aosohata plants, symptoms similar to isolate 

Ag' on 0, apschata ('fable 6) were observed.

Host 8, gitrullus vulgaris Oclirad var, fiotuloeua 

Isolate Ay

First visible symptoms appeared after $ 

days of inoculation in the fora of irregular 

chlorotic spots appeared at the margin of the lamina, 

'within 20 days after inoculation, the chlorotic 

spots gradually coalesced and tho lamim became
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pale yellow in colour, 2ho surfe.ee of tho lamina 

showed prominent blistering and slight vein yellowing. 

At the advanced stage of infection, tbs entire 

lamina became intense yellow with a United green 

tlosuo distributed at the margin or around the 

veins. She growth of the plant was found to bo 
stunted,

\Jhon the ioolato mis back inoculatod from 
infected 0, vulgaris var, fistulosus to 0, aosohata 

plants, oyciptcsss similar to iaola to on O^moaobata 

(Sable 6) wore observed,

loolato iU____ c.

Avon keeping the plants for 30 days after 

inoculation, no visible symptoms ware appeared on 

the surface of the lamim. But when the Isolate 

was bach Inoculated from inoculated 0, vulgaria var, 
flotuloeus to C, eoochata plants, symptoms similar 

to isolate A0 cm 0, moschata (fable 6) were observed.

Isolate Ar
CMHtmMCMHMMMM- ^

First visible symptoms appeared after 8 days 
of inoculation, 2h© symptoms produced by the Isolate 
Aj wore found to be similar to that found with the 
isolate , 2ha results with tho bach inoculation 
to jC, noaoka to plants appeared to bo similar to the 
isolate A~ on 0, aoschata, (fa’blo G),
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Isolate Aa
, , *r

Avon toopine the plants for 30 days after 

Inoculation, m visible symptoms wore appeared on 

tho surface of the lamina. But whoa the isolate 

was back inoculated from inoculated C* vulmris van. 

flstulosuo to 0, moschata plants, typical symptoms 

of isolate Aa on G, nosebata (2abio 6) were observed 

on 0, EioGolxi ta *
•** .cnwwMW’iHnwmi yfavuMO

Isolate Aq
. >/

3vo22 keeping tho plants for 30 days after 

inocula tlon, no risible symptoms wore appeared on 

the surface of the lamina, But whoa the isolate 

was back inooiilated from Inoculated G, vulgaris var, 

fistulosue to £, noaobata plants, typical symptoms 

of isolate A- on C, moachata (fablo S) were observed 

on 0. raoschata »

Isolate

AVon koopinc the plants for 30 days after 

inoculation, no visible symptoms im$o • appeared on 

tho surface of the lamina, Alien the isolate me 

back inoculated from inoculated 0* vulrarle var, 

f:lstulbaua. to C. moschata plants, no symptoms of 

isolate Ag on C. aoocliata (Sablo 6) wars observed, 

Dimilnr observation waa made' with Isolate 

Aiy ana. isola



Isolate An,____ 0

First vi oible symptoms appeared altar 8 

days of inoculation in the form of irregular 

chlorotic spots 021 tho entire surface of tfee 

lamina and tho lamina appeared as gale yellow in 

colour, Within 20 days after Inoculation, the 

surface of the lamina showed mottling with mild 

hllsters bat no vain yellowing was observed. At 

tho advanced stage of Infection, tho satire lamina 

became intensely yellow and tho else of the lamina 

became reduced* She growth of the plant was found 

to bo stunted,

when tho isolate was back inoculated from 

infected 0, vulmrls var, fiatulosuo to C,ooaohata 

plants, symptoms similar to isolate ikQ on 

£, aooohata (fable 6) were observed*

Host 9* Qitrullua lanatus ev, Charleston Gray 

loolate 4^

Fleet visible symptoms appeared after 10 

days of inoculation in.the fora of irregular 

chlorotic spots oa the surface of the lamina •• Within 

20 days after inoculation, the lamina showed 

mottling and appeared to be pale yellowish green 

in colour, Ho additional symptoms on the surface 

of the lamina mere observed within 30 days after 

inocuia tion.
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uhon tho ioolato ms tack iaoculatad from 

infeotocl C, lamtus cv, n-harloeton Gray to 

0, ooochata plants, symptoms similar to isolate 
A.j on 0. ciooehata (2a"bio 6) wore obsorved*

Isolate Ag

First visible symptoms appeared altar ID days 

of Inoculation in the foro of irregular chlorotic 

spots at tho margin of tho lamina, hi thin BO days 

after inoculation, the spots spread over the entire 

surface of the lamina and tho lamina appeared 

yellowish In colour, She surface of tho lamina 

ahor/od mottling and ill do fined green bands appeared 

around tho veins, within 30 days after inoculation, 

the &p©oa hands gradually disappeared, ffh© chlorotic 

spots did not completely ‘coalesce*1 and ware found 

to remain more or loos around tho veins and In tho 

intervelnal tissues, Ho marked raduotiob in tho 

also of the lamina mo found and tho growth of the 

plant ms. not found to fee stunted (Plato 1IV,

Figure 29),

thon tlio isolate was lack inoculated from 

infected C, la rat us cv, :n hai’loston Gray to Chmoachata 

plants, symptom© similar to isolate A0 on 0,aoachata 

(fable 6) were observed.

Isolate iU
~ ' . a

First visible symptoms appeared after 12



Figure 29* Synptoaas ofloolato X2 on C.lanutus

30. Syr.ptoras ofisolate a. °a C.lagitu.

PLklj~ XI? Symptoms of different isolates on Cltrullus lanatua cv. Charleston
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claya of inoculation, fh© symptoms produced by 
the isolate A^ war© found to be similar to that 
found, with. the isolate A^f She nesuXts-with the 
back inoculation to 0, mosehata plants appeared to 
he similar to the isolate A» on 0, meaebata (%ble 6)

*} «aa7 UtJ ■limnWimTWaiMB’irtm' '

isolate A^

iSirea keeping the plants for 30 days after 
Inoculation, novislblo symptoms were appeared on 
the surface of the lamina. But when the Isolate 
was hack inoculated from, inoculated €, lamtue 
ct. Charleston Gray' to 0, aosolmta plants, typical 
symptoms of isolate on 0* aoschata (Sable 6) 
were observed.

Isolate A<-

first visible symptoms appeared after 9 
days of inoculation in the form of irregular 
chlorotic spots on the entire surface of the lamina* 
Within SO days after inoculation,, the chlorotic 
©pets gradually coalesced and the lamina'appeared 
to be chlorotic, She surface of the lamina showed 
mottling and puckering* Within 30' days after 
inoculation,, the also of the lamina was reduced*>
She ©hap® of it appeared to- be filiform asi the 
growth of the plant was severely .stunted 
(Plate M7t stgaro 30),
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Whoa the isolate was "back inoculated from

Infected C. lamtaa cv* Charleston ©ray to 
0. moscbata plants, symptoms similar to Isolate 

A a on C*. raoschata (2abls -6 ) were observed.

Isolate Ag

iStren keeping the plan to for 50 days after
Inoculations, no visible symptoms were appeared

\

on the surface of the lamina.' But when the isolate 
ms tack inoculated from inoculated €, ianatue cv. 

Charleston Gray to C, laosohata plants, typical 

symptoms of isolate Aq on G. aoscteta (fable 6) 
wore observed.

Isolate A.7
. . I

First visible symptoms appeared after 10 days

of inoculation in the form of irregular Chlorotic
spots on the entire surface of the lamina and the

lamina appeared to be pile yellow in colour* Within

20 days after inoculation, the. surface of the lamina
/

showed, slight mottling but no puckering ms. 
observed,, Within 50 days after inoculation the 
lamina sms found to be slightly distorted.

Isolate Aq

First visible symptoms appeared after 15 

days of inoculation# the symptoms produced by
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the isolate Aq mvo found to ho similar to that 
found with the isolate iU, fho results with the
book iaccula tloa to C, noschata plants appeared
to he similar to the isolate Aq on u. aoscbata
(fable 6).

Isolate Ag

ihren hooping tho plants for 30 days after 
inoculation, no visible cyaptoss were appeared on 
ti» surface of the lamina* llimn the isolate was 
hack inoculated from inoculated G, lanatue cv, 
Charleston Gray to C, aoochata plants, no symptoms 
of isolate Ag on 0. moacliata (2abio G) wore observed,

Host 10, Cucurbita eowo L, ov„ farly Prolific Straight no ok 

Isolate A|

Pirot visible oymptoas appeared after 7 days 
of Incubation in the form of irregular chlorotic 
spots at the margin of the lamina, Within 20 days 
aftor inoculation, tho chlorotic spots gradually 
coalesced and spread on the entire surface of the 
lamina, fbs surface of the lamina showed vein 
yellowing and mottling with scattered dark green 

. blisters, Within 30 days after inoculation, ill 
do fined vein banding, and puckering of the lonlm 
were observed, She also of the loaf became reduced. 
She furrows of the lamina became slightly



Figure 52. Syoptoma of 
isolate A« 
on C. pei>6

•XV tymptoraa of different isolates on Cuourbita pepo 
or, Sarly Prolific dtraightnack

Figure 31. Healthy plant 
of 0. pepo

PLATS
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deopor (Plato M9 figure 52),

tihea the isolate ®s took inoculated 
from C, mm ev, terly Prolific Straightnoeh to 
0, aosohata plants, symptoms similar to isolate 

on £, mosohata (fable 6) mm observed*

Isolate Ag

first visible symptoms appeared after 7 
days of inoculation in the form of irregular 
chlorotic- spots oa the entire surface of tb® lamina 
and the lamina appeared yellowish la colour*
Within 20 days after inoculation* the surface of 
the lamina showed dark gsoon blisters and slight 
vein tending* Slight puckering of the lamina 
was also observed. Within 30 days after inoculation 
veins became yellow and the green bands around 
the veins gradually disappeared * fh© margins of 
the laalm became yellow and th© shape of it became 
distorted (flute OT* Figure 53).

Whoa the isolate was bach Inoculated from 
lafoetod C, nepp cv, ilarly Prolific Stiuiglrteook to 
C, raoachata • plants, symptoms sinilar to isolate 
Ag on 0, soGchata (fable 6) wore observed
Isolate A„

first visible symptoms appeared after 6 
days of inoculation In the fora of mottling of the



Figure 33# Symptoms of isolate A2 on 0* pepo

Figure 34* symptoms of 
isolate A« oa C. jjejg$ Figure 35* Symptoms of

isolate A. on C. pepo *

HATS -XVI Symptoms of different isolates on Oueurblta pepo 
ov. Jarly Prolific Straightneck
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lamina and dark ere cm bands appeared around the 
veins,. ' Within SO days after inoculation, irregular 
chlorotic spots, appeared on the surface of the 
Maim which gradually coalesced, within 30 days 
after inoculation, the furrows of the Maim became 
deeper and the Maim became puckered, $ho sis©
©f the lamina mo reduced and tho shape of It was 
distorted (Plate XVI, Figure 34),'

Uhen the isolate was hack inoculated from 
infected 0, pep© or, Mrly Prolific Stralghtseck 
to G, aosohata plants, symptoms similar to isolate 
A~ on' C; msohata (fable 6) were obsaryod.

Isolate

First visible symptoms appeared after % days 
of inoculation in the fora of irregular chlorotic 
spots at tho margin of the lamina, Within 20 days 
after inoculation, the ehlor-otlo spots gradually 
advanced towards the base ©f tho. lamina* She 
lamina appeared greenish yellow la colour, She 
surface of the lamina showed mottling', within 30 
days after inoculation, slight'puckering of the 
lamina and vein yellowing on the surface of the 
lamina were observed:, Shore mm im marked 
distortion of tho shape of the lamina, She growth 
of the plant was, however, stunted (Plats XVI, 
figure 35)-,'



Whoa the isolate was back inoculated tern. 
infected £. pepo cv, *3arly Iroliflc Str&ltfhtaasote 
to 0* moaohata plants, symptoms similar to 
isolate on 0, rao-aohata (fable' 6) wara observed*

Isolate Ac. • p

First visible symptoms appeared after 7 days 
of inoculation in the form, of irregular isolated 
clilorotlc spots-on the oat ire surface of the lamina* 
Within 20 days after inoculation* the chlorotic 
spots gradually coalesced and the laaiaa appeared 
chlorotic yellow-, She surface of the lamina showed 
slight blistering, Within 30 days after Inoculation 
the leave® became extremely reduced in' sise* lamina 
bacarao puckered and the farrows of the lamina 
became very deep so that the lamina appeared 
filiform, flie growth of. the plant was; also 
stunted ( Plate IC¥II, figure 37)* - - •

When the isolate m& bach' inoculated' from 
infected e, pqpo cv, &arly feolific stralghtaeofc 
to 0. aoeehata plants* symptoms similar to isolate 

on G, nosohata (fable 6) were observed.

Isolate Aq
First visible symptoms appeared after 7 

days of inoculation in tho fora of -irregular 

chlorotic spots appeared on the entire surface



-XVII Syaptoms of different iaolates on Cucurbita no a 
ov, Jarly Prolific Straightnack —21

i -, -.
I r“ ' ^ -

Figure 37, yyraptoas of 
isolate Ap 
on C.aeiHr

Figure 33* Symptoms of isolate 
Arj on C, peso
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of the lamina, Within 20 clays after inoculation* 

trie chlorotic spots gradually coalesced and the 

laolaa appeared chlorotic yellow * 2ho surface of 

tho iQraim showed mottling and the 'veins became 

yellow, Within 3® days after Inoculatioft# the 

surface of too lamina becaso orinciled and puckered, 

She s.lso of tho lamina was reduced# She furrows 

of tho lamina became slightly deeper and the ohape 

of tbs lamina appeared to bo slightly distorted 

(Plato XlrII, Figure 36)#

r.hea tho Isolate was taefe inoculated from 

infected C, repo ov, farly prolific Otralghtneck 

to 0, moo chat a plants, symptoms similar to isolate 

Ag on 0, noochata (ufetblo 6} were observed.

Isolate Ay

First visible symptoms appeared after 

6 clays of inoculation in the for® , of irregular 

chlorotic spots at tho margin of tho lamina• Within 

20 days after inoculation, tho chlorotic spots 

appeared on the entire surface of the' lamina and 

the lamina appeared yellowish in colour* She 

surface of the lamina showed mottling, olid green 

vein banding and slight blistering, within 30 

days after inoculation, tho green bands around the 

tho veins gradually disappeared and tho veins 

became yellow, She el re of the lamina became reduced



fho furrows of tho lamina became deeper so that 

the lanim appeared to ho filiform, She laoina 

became slightly puckered and the shape of it 

appeared to he distorted( Plato 1¥II, Figure 38).

Ohen tho icolato was hack inoculated 

from infootod 0, -pepo cv. i3arly Prolific 

Otraightneoh to £, moschata plants, symptoms 

similar to isolate on C, nocohata (2ahie 6) 

were observed.

Isolate Aq

first visible symptoms appeared after 

8 days of inoculation in the form of irregular 

ohlorotic spots at tho margin, of the lamim a.nd 

the lamina appeared palo greo-niah yellow is. 

colour, -v/ithin 20 days after inoculation, the 

surface of the lamina1 allowed slight mottling 

and vela yellowing, ulthia 30 days .after 

inoculation, slight puckering of the lamina was 

observed, She furrows of the lamina appeared to 

be slightly do©per, She ©is© of the lamina was 

slightly reduced and the shape of It was slightly 

distorted (Flato XVIII, figure 39),

VThsa tho Isolate was back inoculated tsom 
infected C, mm cv. farly Prolific Straightnack 

to C, aoaohata pleats, oynptono similar to isolate 

A,-., on C.aosohata (fable 6) were observed,



Figure 59# Symptoms of isolate A« 
on C, pepo

Figure 40. Symptoms of isolate kg 
on £• **»po

PLATiS-XVIIl Symptoms of different isolates on Cucurbits woo 
cv. ^arly prolific Straightneok



116

’9

First visible symptom appeared after 7 

days of inoculation in. the fom of irregular 

cblorotie spots -at the margin of tlio lasina and 
the iBtdm appeared pals-.groan in colour, til,thin 

20 days after iito.aalat.ion, the chlorotic spots

spread towards tho has© of.tlio laaiaa* She surface 

of the Ionian. shewed greatest dark green train 
banding aM' the Inuisa became slightly mottled,

Iho sice of tho lazalm reduced* tJitMn. 30 days 

after InocuXatloa* sise and shape of the lamina 
found to be distorted.. Slight puckering on 

yonag apical lamina css observed, Infected lamina
did not aliov; any blistering and vein yellowing, 

fho yrowth of the’ plant v&& found to be stunted 
(Plate Figure 40),

when the isolate ms hack inoculated ffcoa 
infected G, mm cv. Sarly Prolific Straightnock 

to £, zadnebata plants* symptoms similar to 

isolate iu on 0, isosohata ('fable 6) were observed*S? ■*• T'a llm 1' IJT"[ '-
Moat 11, Gucuaia male b. Selection B 63-3

9 nwU >nni»«r,n v

Isolate A^

gvea keeping tho plants for 30 days after 

inooula tion, no visible- symptoms mm appeared 
on the surface of the larslna, ilfeen the isolate «»'
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took inoculated from inoculated 0, aelo 
Selection B 63-3 to 0, mooobata plants, no symptoms 
of isolate A ^ on £, aoceto ta (2a"bio $) were
observed*

isolate
Similar results were also obtained with

Ag, ^3* An i An andci A9*

isolate A^

First visible oynptoao appeared after 
12 days of inoculation in the- fora of irregular 
chlorotic spots on the entire surface of the laaim 
and the lonina appeared pale greenish in colour* 
V/ithln 20 days after Inoculation, the surface of 
the lamina showed slight vein yellowing and dark 
green blistore (Plato XIX, Piguro 41)*

when tho isolate was back inoculated from 
infected C* polo Selection B 63-5 to C. moechata 
floats symptoms similar to isolate A^_ os C* QGgchata 
(Sable 6) were observed*
Isolate A~

First visible symptoms appeared after 10 
days of inoculation In the fora of irregular 
chlorotic spots on tho entire surface of tho lamina* 
Within 20 days after inoculation, tlio chlorotic 
spots gradually coalesced and tho lamina appeared 
yellowish greyn in colour, 2ho surface of the



Figure 41* Symptoras of Isolate A* 
on C. gelo

Figure 42* Symptoms of isolate A« 
on C, nelo

-XIX Symptoms of different Isolates on Cucurnls raelo 
(Cantaloupe Selection B 63-3)



iia
lamina ohom& mosaic mottling and win yellowing*
At the advanced stag© of infection, Soap green 

blisters appeared on the surface ©f the lamina and 
tllo Oise of the lamina mo found to be slightly 
reduced (Plato XIXf Pigur© 42)»

ebon .the ioolato was back inoculated fro® 

infee tod C, tiolo So lection B 63-3 to C, aosohata 
plants# symptoms similar to isolate A*. on C.aooehata 

(fable 6) v/sro oboorvod.

Isolate Aq

First visible symptoms appeared after 10 ■' 

days of Inoculation# 2ho symptoms produced by the
isolate Ag were found to be similar to that found 

with the isolate A^, 2ho results with the back

inoculation t© 0, poeefaata plants appeared to be 
Similar to the isolate Ag on C. aoschata (fable 6)

Host 12, Cuousls satlvus 1, ev. Local ihit©

Isolate A|

First visible symptoms appeared after B days 

of Inoculation in the form of otM chlorotic spots 
on the entire surface of tbs lamina* within 20 
days after inoculation# the surface of the lamina 
shov?ed settling and slight win clearing. Within 
30 days after inoculation* dark green blisters were 

appeared on the surges of the lamina*
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whoa trio isolate rao back Inoculated iS?on 
Infected C, sativus cv. Local White to 0. moaebata 

plantsg oyaptooD similar to isolate on C«moochata 

(Sable 6) rano observed.

Isolate A.-,
&•

First vlolblo qyaptoeio appeared after 10 days 

inoculation, 2ho syaptoaa produced by the isolate 

ilp, were found to bo similar to that found with, the 

loolato A,j, liie results v.lth the back inoculation 

to C# moochata plants appeared to bo similar to tbe 

isolate Ap on £• goochata (fable 6),

Isolate /w

fven heaping tho plants fox' 30 days after 

inoculation, no vlolblo symptoms ware appeared on 

tbe surface of the lamina, r/hoa tlio isolate raa 

back inoculated from inoculated C, sativu© cv. Local 

Till to to 0. laoschata plants, no symptoms of isolate 

iW on G. aoschata (Sable 6) were observed,
^ *“* m'«n in m-mw-i—■

Similar reoulto were also obtained v&th 

isolate Aty,

Isolate A^

First visible symptoms appeared after 10 day© 

of Inoculation In the fora, of irregular chlorotic spot! 

on the entire surface of the laair©, Within 20 

days after inoculation, tho surface of the laoina



ohowod mottling ana prominent min clearing,
171 thin 30 days after inoculation* occasional 
vein banding at the Marginal portion of the lanlaa 
ms observed, fho also of the lamina mo found to 
be reduced•

Vhen the isolate as bach Inoculated £zm 
in&otod 0. GOtlvns evt Local v/hlto to C,aoechata 

plants, cyzaptaas eio,13ar to isolate A^ on g,aoaobata 
(fahLo 6) wore observed.

Isolate Ar

liret visiblo w/mptam appeared after 

12 dqys of inoculation la the for® of irregular 

chlorotic spots on the entire surface of the 
lamina and the lamina appeared to be yellow ia 
colour, 01 thin 20 days after inoculation, tbs 

surface of the lamina showed mottling oml rein 
clearing, v/ithin 30 days after inoculation* lose 
pronounced green bands appeared around the 'veins, 
She siso of the lamina ms also reduced,

•Then tlio Isolate me bach inoculated 
from infected G, sativoo cv, local iThlto to

am • mwwm wr w»w j1 iiimm"'"

(£♦ laosohata plants, oysaptcas similar to iaelata 

Ar; on 6* ooschata (fable 6) were observed,;

laola to

first visible symptoms appeared after 7 

dayo of inoculation in the form of irregularly



distributed, chlorotic spots on the entire cur fee® 
of the lamina and the lamina appeared to be 
yellow ia colour, within 20 day® after inoculation* 
the lamina showed mlM mottling with alight vein 
clearing,.. Ho additional symptoms were observed on 
the lamina at 30 days after inoculation*-

Shea tho isolate was back Inoculated from 
infected C, satlvus cv* local white to O.aoscbata

■eaguwiinafawwpaiCTi * n,in>i>n*iy.nw*»m

plants, symptoms similar to isolate on 0,aogchata 
(fable 6) were observed*.

Isolate d

First visible symptoms appeared after 9 days 
of inocmlatioii in the form of irregular chlorotic 
spots on the entire surface of the lamina and the 
lamina appeared to bo yellow in colour. Within 
20 days after inoculation, tho surface of the 
lamina- showed mottling and prominent vein clearing* 
Irregularly distributed raised dark green areas 
wore observed on the surface- of the lamina* Within 
30 days after inoculation, green, vein banding was 
also occasionally observed on th© lamina*, ilt the 
advanced stage of'infection, downward curving of 
tbs lamina was observed and tho slse of the lamina 
was found to bo reduced (Plato XX, Figure 43)*
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'When tha Isolate ms back inoculated ffcom 
infected G, sativus cv* bocal will to to 0, monoliata 

plants, symptoms similar to isolate Ag 021 
0, aoachato (fable 6) ana observed*

Isolate Ag

First visible symptoms appeared after 
10 days of inoculation, t2hc oyaptoas produced 

by tlio Isolate wore found to bo similar to 
that found with the isolate A0* fho faults 

with th0 back inoculation to 0, aosohata plants 
appeared to ho similar to the isolate Ag on 

0, moaohata (Sable 6),

Host 15, CjuoiMis eativua Z» Cv.Loag Green 

Isolate A,j

First visible symptoms appeared after 10 

days of inoculation, She symptoms produced by the 
isolate A-j were found to be sliailar to that found 

with the isolate on £, aatlvus cv, Xooal White, 

She results with the back inoculation to (Lsoaobata 
plants appeared to bo stellar to tho isolate 

cm £2. moeotete (fable 6),

Isolate Ag

first visiblo oymptoao appeared after 10
days of inoculation in the farm ©f irregaxar
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chlorotic spots on the entire surface of the lamina 

and the lamina appeared to ho yollow In colour, 

Within 20 days after inoculation, the surface of 

the lamina showed mottling and win clearing,

V/ltlTXn 30 days after inoculation, the chlorotic 

areas ho cane more enlarged and the else of the 

lamina became reduced,

• VJ&on the isolate ws back inoculated 

from, infected c, satlvao cv, Long Green to 

0, aoeebata plants* symptoms similar to isolate A2 

021 £•■ Sioaoliata (2a hie. 6} ware observed,

Isolate i'kj

ihren keeping the plants for 30 days after 

Inoculation, no visible symptoms war© appeared on 

the our fa os of the lamina, then the isolate was 

hack inoculated from inoculated C, aativua ov* 

long Green to 0, moschata plants, no symptoms of 

isolate on-0,. Bosohatq (fable 6) were ohserved,

Similar results wore also obtained with 

the isolate A^,

Isolate Aj
MMM.XrtHW MU Itmmmi '

'first visible symptoms appeared after 12 

days of incciilatlon. She symptoms produced by

the isolate w©ro found to ho similar to that 

found with the isolate on C,. satlvua ov, Local
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whits. She results with the hack inoculation to 

C. noeebataf plants appeared to he similar to the 

isolate on C, aoeebata (fablo 6)*

Isolate Ac

Pleat visible ©yoptoao appeared alter 10 

days of Inoculation in the form of small chlorotic 

spots on tlu entire surface of the lamina and the 

lamina showed mosaic to settle in. appearance# Within. 
20 days after Inocula tion, the surface of the lamina 

showed alight vein clearing., within 30 days after 

inoculation, the oiso of tho lamina mo found to be 
reduced and the growth of the plant was found to be 

stunted.

when the Isolate was hack inoculated from 
infected C, mtivm cv, hong Groan to 0. monebata 

plants,, symptoms similar to isolate Ag on g.moschata 
(Sable G) were observed.

Isolate A,-

Pirst visible symptoms appeared after 10 

days of inoculation in the fora of irregular ' 
chlorotic spots' on the entire surface of the lamina 
and the laoim appeared yellowish in colour, 
within 20 days after inoculation, the surface of 

the lamina showed mottling and slight green vein 
banding. Ho additional symptoms on the lamina



43. Symptoms of Isolate 4Q 
on C. satlvue

Figure

PLAi'^-XX Symptoms of Isolate A3 on Cucmnia eatiyas cv. 
Long Ureen



were observed at 30 days after inoculation*
Ob&n the isolate was hack inoculated ffrom 

infected G* eatiima ov* long Gseott to S* fcoaohata 

plants* symptoms similar to isolate Ag on: CLaogebata 
(fable 6) wore 'observed*

Isolate Ao

Vis&t Visible symptoms appeared after 11 

days of inoculation* fh© symptoms produced by the 

isolate Ag wore found to bo similar to that found' 
with the Isolate Aq on c, satiws: cv. local , White • 
file results with tl-ie lack Inoculation from inoculated 

G, aatlvaa ev* Long dteoa to 0, oosobata slants, 
symptoms similar to isolate il0 on 0, noaobata 

(SaljlG 6) were qbaertad*

Isolate 4^

First visible symptoms appeared after 15 
days of inoculation in the for® of irregular 

cMorotis spots at the margin of tbs lamina* Within 
20 days after inoculation* tbo chlorotic ©pots 
gradually os tended to the entire surface of the - 

lamina* fh© surface of the laaiiaa obowsd mottling 
and slight to in, tending*' Within 30 days after 
inoculation, a few dark green blisters were also 

found on tbu surface of the lamina* 2b© ©is© of 
the lamina ms found to bo reduced*

PO
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Host 14#

Host 15#

liost 16

Host 17,

When tho isolate was tacit inoculated from 

infected 0, eativus ov, long Groan to C. mosohata 

plants, symptoms similar to isolate A0 on G, noschata
-f* ****

(2able 6) wore observed,

Cpsieum anatma X, ms. Suryarsukhl

Is visible symptoms appeased withlh 50 days 

after Inoculation with any of the Isolates •• On back 
inoculation of 0, annum vhr* Suryamukhl to 

OuryaraukM to 0, moseteta a loo did not produce 

any symptom on Q. mosohata.

ftatura stramonium 1,

Ho -visible' symptoms appeared within 30 
days after inoculation with any of the isolates,

On back inoculation, of .D* stramonium to Q, nosobata 

also did not produce any symptom on 0, raoaehata.

foreoperaloon esoulontum mil, var, tsarglobe Supreme 

Ho visible• syaptoss appeared within 30 

days after, inoculation with any of the isolates.

Beck inoculation of Z, eoculontum var# IMrglohe 
Supreme to £, aoaohata also did not produce any 

eymptca ©a G, oegchata.

Solanum tuberosum 1,. var, Kufri Ohandrasukhi

Ho visible symptoms- appeared within 30 
days after Inoculation, with ary of the isolates.
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Back inoculation of S, tuberosum var, Sufri 

Chandramukhi to 0* moechata also did not produce 
any symptom on C, moschata.

Host 18.. Solanma aoloagcm i, var, IMcta AosM 

Isolate A1

dven keeping the plants fox* $0 days after 
inoculation, no visible symptoms were appeared on 

the surface of the laaim. Uhen the isolate was 

took inoculated, from inoculated s, melongeaa var, 
ISakta Soohi to C, mosohata plants* no aymptom®

•of isolate oa £, nossbata (Sable 6) were observed.

Similar results were also obtained with 

isolate A^, .' % Ag, kjf Aq and Ag,

Isolate Ag

first visible symptoms appeared after 20 

days of inoculation in the form of very mild mottle 

to mosaic symptoms on the surface of the lamina 

which could be clearly soon when the Inoculated 

loaves wer© oanalned by placing flies against light,

At the advanced -sta^a of infection, tbs else of the 

lamina was found to to slightly reduced,

Khan the isolate was tech inoculated from 

infected 3, melongam var, IMtta £eshi to g.sosobata 

plants, symptoms similar to isolate Ag on C.siooohata 

(Sable 6) were observed.
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Isolate iU and Isolate Ac.
.-iuartnini».:iMi JP -inn ITIIII irTiiniiMimni

First visible symptoms appeared after 15 
days of inoculation, 2ho symptoms produced by 
tti© isolate- Av a ad Isolate A*. were found to be 
similar to that foam with tho isolate A0,

C.

®ie results with the back inoculation to 
C, rcosohata plants appeared to similar to the 
isolate Aj on jC, aoochata (Sable 6) and A^ 
on C. moseteta (Sable 6),

Hoot 19. Hies tie hu tabacoia A,
Uo

clays after
visible symptoms appeared within 30 
inoculation with any of tho isolate «

.'dick inoculation of H, tabscud to 0,nio3chata 
also did not produce any symptom on C.noaohata.

Host 20, Iligotlana, tabs cum. h, ov, Vlrgiaaa Gold
I"o visible symptoms appeared within 30 

days after Inoculation with any of tho isolate, 
Back inoculation of H, tala cum cv, Vlrgiana Gold 
to Cf, mosohata also' did not produce any symptom 
on C, mosohata.

Host 21, Niootiaaa ta bu cum L, Cv, Santhi

Ho visible symptoms appeared within 30 days 
after inoculation -with any of ttu isolates. Bask 
inoculation of H. tabucud ev.Xanthi to C.moschata 
also did not produce any symptom on O.moaohata,



Hoot 22, nicotians glutinoea L,

Wo visible oyraptoas appeared within 50 days 

after inoculation with any of the isolates* Back 

inoculation of £, Klutlnooa to C, aoschata also did 

not produce any ayaptom on 0, aoaohata,

Host 25* Hicotia-sxi oylvaotrio a,

Ho visible symptoms appeared within 30 days 

after inoculation with any of the isolates. Back 

inoculation of H, oylvoatrio to S, aoschata also 

did not produce any symptom on G. saoscbata.

Host 24, Hicotiam ruatica L,
maiinm,n.pnww»i»wi iMf

So visible oyraptomsr appeared with 30 days 

after inoculation with any of the' isolates. Bade 

inoculation of 17, rustics to G, aoschata also did
«SB - IMI MU' 111- —I a > »■!■*!!

not produce any symptom os 0, raoBobata,

Host 25* Petunia hybrids 7ilm.

Isolate Aj

■ even hooping tho plants for 30 days after 

inoculation, so visible symptoms mso appeared on 

the Giirfhco of the? lamina • whoa, the isolate was 

back inoculated froa inoculated P, hybrida to 

£, moaohata plants, so symptoms of isolate Aj 

on 0, mosebata (fable 6) were observed.
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Similar results were also obtained with 

the isolate A, , Afi A~t 10 and Aft,4 o' f* o y

Isolate A„«■

First visible symptoms appeared after 10 

days of iaoculatloa in the fora of small yellow 

spots Irregularly distributed on tho entire

surface of the lanim, 

inoculation, the surface

•Itbin 20 days after 

of tho lamina appeared to

be nettled with slight iatorveinal chlorosis, The 

margin of tho lamina•showed upward curving 

(Flat© Ml, Figaro 44)* -

'Uhen tho isolate mo bach inoculated from 

infected 1?, hgbrida to 0, noschata plants* symptoms
««*• H»—wij MfcOnupuMx^u'n^i.f w—m *• m v A<

similar to isolate A^ on G, aocohata (Sable 6) were 

observed,

xcola oo A^

First visible ©yaptoss appeared after 9

days of inoculation, She symptoms produced by

tho isolate A- wore found to be similar to that a
found with tliv isolate A~, 1-ho results with the

C.

tack inoculation to 0, nosobata plants appeared 

to be similar to the Isolate A~ on 0, laoscbata , 

(fable 6)*

Isolate

First visible oynptoras appeared after 10 days
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of inoculation in the form of irregular yellow 

spots on the lamina , within 20 days after inoculation 

the outface of the 3aaim allowed mottling and 

. Interval ml ohlorosio, iho margins of the lamina 

ohowad upward curving, She else of the leaf 

(Including lamina and the petiole) was found to he 

reduced, 2ho length of too Internodea was also 

reduced. As a result, clustering of the leaves 

took place which gave a rosette like ap$eosacce for 

the plant (Flato XXI, Figure 45,)*

dhaii, the isolate ms back inoculated 

from infoe ted P, hvbrida to C, aosohata plants, 

syoptono similar to isolate on 0, aoaohatQ 

(fable 6) wore observed.

Host 26. Viola faba 1,

do visible symptoms appeared within 50 

days after inoculation with any of the isolates, 

lack inoculation of V, faba to C. raoochata also did 

not produce any symptom on C, aoachata.

Host 27, Phaseolua vulmria 1,

do visible symptoms a ppoarad within, 30 

days after inoculation with argr of the isolates. 

Back inoculation of ?, vulfiarlo to C. isoschata 

also did not produce any symptom on 0* aosohata,
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Host 2S, Pioma oativuia L,

visible oynptoao appeased within 30 

days after inoculation, with any of the isolate®, 

.Back. Inoculation of J?* sativum to C, aoachata also 

also did not produce any oynptca on £, moachata.

Host 29, Bra os.lea oaopoatris I, var, Saroan,

llo visible oyoptoas dew loped within 30 

days after inoculation with a ay of the isolates.

On back inoculation from B. cacmeatfis van,

Hasson to 0, nosohata however, isolate produced 

typical symptoms on G* moachata*

Host 30, Solnacea oleraoea L,

Ho visible symptoms developed within 30 

■ days after inoculation with any of tha isolates*

But on took inoculation from 3, oleracea to 

jO, .loachata only isolate A- produced typical 

oymptomo on C, raoachata.

Host 31, Car lea papaya L, var, Cashingtoa

Ho visible’ symptom® appeared within 30 days 

after inoculation with any of the isolates. Back 

inoculation of C, papaya var, iraohlnston to 

C* aoachata oloo did' not produce any symptom on 

C, moachata,



float 32* Ohenooodiura agarantioolor Oosto ot iieyn

Bo vislhls sysptoos appoared within 30 

days after modulation with any of the isolates* 

Back inoculation of C* ataaraatloolop to 0, aoseteta 
also did not produce ary symptosj on G* aoachata*

Host 33# ‘ Ohoaooodiua guinea

i?o visible syaptccio appeared within 30 days 

after inoculation with any of the isolates# Sack, 
inoculation of C* ouiaca to C* sosobata aide did 
net produce any aynpton ©a c, aoscbata*

Host 34 • Seta vul/stris- L*

. Ho visible symptoms dove loped with 30 days 
after inoculation with ary of the isolates* Bat 

os tack inoculation from B* wlmrio to G, noBotetamm e»euwr»i*w>.»,iirTTiOTiiwiiiii> «e» - immwnurwiwi tmawajiiiiw

only isolate A** produced typical opaptoae on.
C* nooehata*

Hoot 35* Vlnoa rosea' L»

So visible oysptoso appeared within 30 
, days after inoculation with any of the Isolate®* 

Back inoculation of ¥. roooa to 0. moschata also 

did not produco any oyxaptcsa on C* aoechata.

Host 36, Oomohrom j.'tloboaa L. '

Ifo visible symptoms appeared within 30 

days after inoculation with any of the isolates* 
Bach inoculation of G* frlobosa to G.moachata
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also did not produce any symptom on £• raocohata.

Host 37* Zinola ole mna .Jaoo,

Jlo visible syapteno appeared within 30 

days after inoculation with any of the isolate g* 

Back inoculation of 2* eloigns- to 0* moachata 

also did not produce &w oyaptos on C, noachata.
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e) Insect trananlaalbllity of the, isolates

Bata, obtained on the txanssHaelblllty of the
Isolates for tlio type II oynpton ocopies: by A,- gosaypli.

£1* teraicae and B* tobacl haw boon presented la the fable-12.

Beta obtained on the persistence of isolates in 

A* froaoypil. 11*. peroloae and B. tabaci have been presented in 
the fable - 13.

It is evident froo the 2able-12 that A. gosaygli 

transmitted the ioolatoa A^» Ay* Ag* She percentages of
transmission of those isolates wore found to be 37# 43# 29 and 
22 respectively. 2iao required for the appearance of symptoms 

was found to be 5-7 days, fhooe isolates homevar could not be 

transmitted by g. peroioae and 3, tabaoi. Isolates A^ and Ag 

mm found to bo transmissible only by n. peraleae and not by 

A, goaeyDi 1 and B, tabacl. She percentage of transmission of 

those isolates mm found to be 40 for both the case, Tim 
required for tho appearance of symptom. ms found to be 8 days* 

iho isolate A^ alone uao found to bo traaomiosible by B. ta.te.oi. 

i’he percentage of transmission. ma only 32, Tim required for 

tho appearance of symptom uas found to be 10 days, Ihib isolate 
was hoivavor, could not be transmitted either by A, goasynii or 

g, persicae.
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la tho esrurtont for the serial tensaisoioa of the 

respective isolates hy A, msaTati. ?!, Tjereioae and 3* tahael 

(2able~13)» It was found that tho percentages of trancmissioa 
with respect to time varied with the isolates» Isolates A^,

4-j># Aq and A^ were- A, nesoypil transmissible', Once virulifiod 

with A*-? and the aphids could tmnmlt tho respective viruses 
upto 96 hours, hut the aphids viruMfiod with Ag and AQ could 

transmit the raspoetive virusoo upto 72 hours and 24 hours only* 

She isolates and Ag were n* corslcae transmissible* Once 
viruliflod,. the apliido could transit both the viruses upto 96 

hours, She isolate A, was- E* tabacl transaloeihlo* Once vlr^i- 

fled, this white fly could transmit this isolate tip to 48 hours
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d) alectroraalcrosoony of the,isolate®

Bata obtained on the _ determination of the- length and.
breadth of the virus particle® of the isolate® lave been presented

in the Sable-14,

fable 14. Siseo of the, virus particles of the sine different 
isolate®

Sl,ITo, Isolates . Average 1sngth(ayh)
(Average of 10 
observations) /

Average Breadth (rayu)
(Average of 10 
observation®)

1 A| , 712,5 12.5
2 42 587*5 14.0
5 H 725,0 12,5 '
4 h 525,0 12.5
5 H 743.6 15,0
6 % 675.0 12,5
7 Aiy 825.0 12.5
8 Aa 874,9 20*8
9 a9 785,0 12,5

It is evident from the fable 14 and Plate XXII - XXI?, 
Figure 46-54 that the shape of all the virus particles appeared 
to be flexuoue rods, hut the sis© of them varied considerably.

fhe length of the particles of the isolates varied from 525.0 cyu
to 874*9 Ryu and breadth varied from 12.5 rayu to 20,8 nyu, lengths
of virus particles in ease of isolate and 42 mm found to be
$25,0 nyu and 537,5 syu 'rospeotlvoly* She breadth of the particle©
Of these two isolates ms found to b© 18.5 saya and 14,0 syn



Figure 46. Virus particle of 
isolate Aj

Figure 47. Virus particle of 
• Isolate An

Figure 48. Virus particle 
of isolate A«

Figure 49. Virus particles 
of isolate A /,

PLAl’i; -XXII ^leotronoxicrotiraphs of the particles 
from different Isolates.

from different isolates.



Fl,;ure 54* Ylrus particles of Isolate Ag

PUIS -XXIT sioctronmlcrographs of the particle* 
from different Isolate**



Figure 51. Virus particle 
of isolate Ar

Figure 50. Virus particle* 
of isolate A5

Figure 52. Virus particle 
of isolate

Figure 53. Virus particle 
of isolate Ac

F&4XB-ZXIIZ ilao tronraicrographS of the particles 
from different isolates.
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respectively* In case of Isolate Ag the length of the particle 
was found to be 675.0 nyu and breadth ms found to 12.5 nyu.

The length of the particles In case of isolate , A^# A^ and Ag 

varied from 712.5 Byu to 785.0 nyu, The reepective length of 
the particles of these isolates was found to be 712.5 ayu, 725.0 cyu, 

743.6 Byu and 785.0 nyu, The breadth of the particles in case of 
these Isolates varied from 12.5 nyu to 15.0 myu, In case of 
isolate A^t Ag and Ag the breadth of the particles ms found to 

be 12.5 eyu whereas in case of isolate Ag.tho breadth ms found to 
be 15.0 nyu. The length of the particles in case of isolate A^ 

and Ag ms found to he 325.0 uyu and 874.9 nyu respectively and 

the breadth me found to be 12.5 ayu and 20.6 ayu respectively.
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• ) Serological relationship of the isolates

Data obtained on serological studies have been 

presented la the Sable-15, Plate XXV- XXVI and Text figure 1-5.

When the antigens of Isolate A2, and were 

exposed to the antiserum of Isolate A^ (a^) three charaeterlstlc 
precipitation bands ( band 2, band 3 and band 9) appeared. But 

exposing the antigens of isolate A1# A^ and Ag to the sane antiserum 

only two precipitation bands ( Band 2 and Band 9)were obtained, 
olmllar results were also obtained with the antigens of the isolate 

Ay, Aq and Ag reacting with But in this case precipitation 
band number 11 and 12 were observed (Text figure 1 (a,B#C) and 

Figure 59 (Plato XXV) and 66 (Plato XXVI) ,

When the antigens of isolate A,, A4 and Ag wore 

exposed to the antiserum of the Isolate A2 (a2) no precipitation 

bands were appeared. But exposing the antigens of the Isolate Agf 
A^ and to the sane antiserum only four precipitation bands 

(band 2, band 3$ band 7 and band 6) were obtained. Similar results 
were also obtained with the antigens of the isolate Ay, Aq and A~ 
reacting with a2. But In this case precipitation band number 2 

and 7 were observed (Text figure 1 (B#i3 and P),

When the antigens of Isolate A^v A* and Ag ..ere 
exposed to the antiserum of the isolate (a~) two characteristic 
precipitation bands ( band 2 and band 12) appeared. But exposing 

the antigens of Isolate A2, and to the same antiserum three 
precipitation bands ( band 2, band 5 and band 9) were obtained.

With the antigens of the Isolate Ay, and reacting with the
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oano antiserum four precipitation bands ( band 2, bond 3, band 8 
and band 9) were observed (Text figure 2( G,H and I) and Figure 

60 (Plate XXV), 62 and 64 (Plate XXVI),

When the antigens of Isolate Aj, and Ag "/ere 

exposed to the antiserum of the Isolate A^ (a^) two precipitation 
bands ( band 2 and band 3) appeared. But exposing the antigens 

of Isolate Ag, and A^ to the same antiserum three characteristic 

precipitation bands ( band 2, band 7 and band 8) were obtained. 
Reacting with the same antiserum the antigens of the isolate A^,

Ag and Ag produced only one precipitation band (band 2) (Text 

Figure 2 ( J, X and L) and Figure 65 (Plato XXVI),

£hea the antigens of the isolate A^, A^ and were 

exposed to the antiserum of the Isolate A^ (a~) two characteristic 

precipitation bands ( band 6 and band 9) were observed, Bit 

exposing the antigens of Isolate Ag, A~ and to the same antiserum 

three characteristic precipitation bands ( band 2, band 3 and 
band 13) appeared, Reacting with th- same antiserum, the antigens 

of the Isolate A<|t Ag and {reduced four precipitation bands 
( band 2, band 10, band 11 and band 12) (Text Figure 3 (M,ll and 0) 
and Figure 57 and 58 ( Plate XXV),

When tho antlgsna of tha Isolate A,, ami Afi 

were exposed to the antiserum of the Isolate A^ (a6) four 
precipitation bands ( band 1, band 2, band 3 and band 4) appeared. 
But exposing the antigens of Isolate Ag, -W and A*. to the same 

antiserum only two preolpltatlon bends ( bond 2 and band 3) were 
observed. Reacting with the same antiserum, the antigens of the
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isolate Ay, Ag and Ag produced five precipitation bands ( band 2, 

band 5* band 5, band 6 and band 7) (Text Figure 3 ( P, Q and E ) 

and Figure 61 ( Plate XXVI).

When the antigens of the isolate A^, A^ and Ag 

wore exposed to the antiserum of the isolate Ay (ay) only one 

precipitation band ( band 7) appeared. Similarly exposing the 

antigens of isolate Ag, and Ag to the same antiserum only one 

precipitation band appeared. But in this case precipitation 

band appeared. But in this oase precipitation band number 2 

was observed. Reacting with the same antiserum, the antigens 

of the isolate Ay, AQ and Ag also produced one precipitation hand 
(band 9) (Text Figure 4 ( S, T and U )•

when the antigens of the isolate A^t A^ and Ag 
were exposed to the antiserum of the isolate Ag (aQ) four 

characteristic precipitation bands ( band 2, band 6, band 7 and 

band 8) appeared. But exposing the antigens of the isolate Ag, 

a^ and A~ to the same antiserum no precipitation hands were 

observed. Reacting with the same antiserum, the antigens of 

the isolate Ay, AQ and Ag produced only one precipitation bund 
(band 9) ( Text Figure 4 ( V, W and X ),

When the antigens of the isolate A1, A^ and Ag 

were exposed to the antiserum of the isolate Ag (ag) three 

characteristic precipitation bands ( band 2, band 10 and band 11) 

were observed. Exposing the antigens of the isolate Ag, Ag and 

Ag to thu same antiserum also, three precipitation bands appeared.
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nsaxe 55 Figure 56

Figure 57 Figure 58

Figure 59 Figure 60

PLAlJ-xrv Antigenic relationship of different
isolates.



matf-xm Antigenic relationship of different
Isolates.

Figure 62

Figure 64

Figure 66

Figure 61

Figure 63

Figure 65
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pvooipitation linos, as a result' of antigens^antioera reactionsf 
mm observed* la all,. 13 types of precipitation lima acre 

obsarvod in-, these isolates* EUon tlis antiserum was exposed 
to the antigens of'nine isolates (A^, Ag, A^» , .4^, A-, A^, Ag»and

A^ ), It produced fivo precipitation linos namely band number 
2* 3* 9* 11 a ad 12, whoa tho anti serum a~ ms exposed to the 
anti gens of also isolates, it produced six precipitation line® 

'namely bemei masher 2, 5, 5, S, 9 and 12, tThon the antisera® a*- 
m& exposed to the antigens of tine isolates, it produced eight 
precipitation bands namely band number 2, 3» 6, 8, 9, 10, 11 and 

12. lioaoting with the antigens of aim isolate a the anteseras ag 
me found to produce -four precipitation lines In common with 

antiserum a^ and they were namely band ssamber 2, 3# 7 and 8, iT&ea 
the- antiserum ms exposed to the antigens of atm isolates, it 

produced sown precipitation bands namely band auabor 1,2,3,4,5,6 
and 7, Mien the antiserum ms exposed to tho antigens of nina 
isolates, it produced only two precipitation bands namely band. 

number 2 .and 7, ftbea the antiserum aQ mm exposed to tho. antigens 
■Of nine- isolates, it produced flu© precipitation bands casely 

feajiii nasber 2, 6, 7, 0 and 9, tho antiserum me. exposed
to the antigens of aim isolates, it produced four precipitation 
bands namely band number 2, 7, 10 and 11,



146

D* BtoQimiQkL sm^s m ssij op cuooriBim ncisemm mu 
msmm igoccm&gjs wish are&sdaag nms xsomvjs m -sm&mm 
m.Qm oi? mmosjmBt®

Safe obtained oa (a I chlorophyll (a,tb and total)

(b) buffer soluble proto la (c) total (£04 pro dpi table } sap 

proto la (a) refusing sugar and starch and (©) ribomcloio add 
(BS4) content have been presented in Sables 16 - 23 and Soat

(a) Cdoroclwll (at. h ana total )

It I® evident ism the Sable **16 that duo to

Inoculation of all the isolates to hoalthy pmpkin plants* 
redaction of chlorophyll a content was observed * At State I

aiaimna reduction ms observed in case of isolate 40 where 

chlorophyll a content mo found to bo 0.#2Qes@2 ao caaporod t©
healthy whore chlorophyll a was found to h© 0,24- s@a, Qodomt©

reduction of chlorophyll a content ms observed in case of 

isolate A^f Ag, A^#- Ag* 4y and Ag whore chlorophyll a content 

were found to bo 0,13 sgns, 0,12 ago* 0,1? a£p, 0,14. zaga* 0*12 ngn 
and 0,13 n©a respectively, rsa&mian reduction was observed In

case of isolate A« and A- whore chlorophyll a content ms found 

to be 0,06 ds® ami 0.04 lagu respectively* At Stage IX minimus 

reduction me observed in ease of isolate inhere chlorophyll a 

content found to bo 0,33 ago* in ease of isolate A

and Ay alao,reductloa of chlorophyll a ms found to be very

close- t© the ninima end their respective coat onto were found to 

be 0,25 sjgcip 0,30 am and 0,2? Q03, But this reduction wa© sore
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aS’Cootd&od to isolate a** Modorat© redaction ms observed in* O

case of isolates Agf AQ os*d ohoro olfloropriyli a contents ms9 
found to "b$ 0*16 mga, 0*15 and 0,15 ogs respectively, •
reduction was observed in eace of Isolate Ag and Aj where 
chlorophyll a contents mrc found to he 0,05 ago and 0,08 iagn 
respectively. A* Stage III tho induction of chlorophyll a ms 
found to he too high la ease of all isolates except A- and Ag 
wheate aodorato reductions trero observed and the chlorophyll a 
contents in those las© oases mro found to ho 0*17 os® and 0,16 og® 
respectively, la caoo of isolate A^# Ag* A^f Agf A^# Aq on$ A^ 
the chlorophyll a contents sore found to he 0,06 ago* 0,08 tagSf 
0*08 agmt 0,05 o®af 0*05 ngn, 0,05 nga and 0,06 saga reopootivoly* 
la ease of healthy leaves, the chlorophyll a content mo found to 
ho 0,24 Ego ( Sfoxt I?igura 6 ),

tshon stags mean mo considered,only Stage III significantly 
reduced chlorophyll a content, vThsn isolate aeaa ms eonsldcrod 
all the isolates significantly reduced chlorophyll a content* At 
Jtage X, all the ioolatoo except isolate oigaificaiatly reduced 
chlorophyll a content* At 'Stage II all isolates except isolate 
A^ and Ag reduced it significantly. At Stage ill all the isolates 
®re found to reduce chlorophyll a content significantly.*
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Sable 16,, Oi&orophyll a coat-ant of the leaves of pomp-kin 
(0, aQQcfaata. Bsir ) plants at three different 
o tacos of pathogens sis after- being inoculated 

■ with- the nine pumpkin virus isolates

si.
Ho*

isola-
too

Chlorophyll a content
(siga/gQ of fresh weight)

Stage I Stage XI Stage 111

Average m t
test

C.B*
.at 5$

1 A*j 0*15 0,25 0.06 0,15

2 ^r\e* o,ia 0,05 0.09 0,00

3' A^ - 0,06 0,08 0*17 0,10

4 A*4 0,04 0,50 0,08 0,14

5 - At 0,17 . 0*16 0*16 0.16P * # 0*02
6 H 0*14 0.53 0,05 0*17

7 A7 0,12 0,27 0*05 0,14

8 40 0,20 0*13 0,05 . 0,1-2

9 Ag 0,15 0,15 0,06 0*12

10 . •- B&iftttp 0,24 0*35 0.24 0,27

Average 0.15 0.20 0,10

♦r»
C.B,

test 
at ^

&

0,01

Stage at Isolate *f-f teat « *
0,B*at e 0,-05
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It i# evident from the Sat£UM7 that due to inoculation
of oil the 'isolated -to healthy puaphtn plants, reduction of 
chlorophyll, b content me observed, ■ At stats- I miniaus .redaction 
ms observed la mm of isolate Ae , where chlorophyll £ content
wae found to I© 0.#!70 sen.,ns compared to healthy where chlorophyll* '
h as found to he 0,76 ago,. Moderate reduction of chlorophyll b 
■content ms observed in case of isolates A|# A2> A^,Ag, 4^ and A^ 
where chlorophyll b content© were found -to be 0*46# 0*421 '0*55, 
0,50, 0,45 and 0,54- agm roep&cttvsly* . oximes reduction mi 
Observed .in case of isolate A^ and where chlorophyll b contents 
were- foahd 'to be 0,25 and 0,-18 mm respectively* At Stage 11
minimm reduction ma observed in'case of isolate 4^ where 
chlorophyll b content ms found to 'be 0*70 mga as.compared to- 
healthy where chlorophyll J content was: found to bo- 0*78 ragm* 
Moderate reduction of chlorophyll b content ms observed in maw 
of isolate A.j, A^# Ag and A7 where Chlorophyll b content was found 
to be 0*55# 0»4S, 0,62 and 0,61 tapa respectively,' Isolates A~
and Ag reduced chlorophyll J|, content too: mteh and in both tbs - 
eases the content ms found to be 0*55 ^dEdrma reduction

• was. observed In case of Ag and Aj where chlorophyll b contents 
•wore found to be 0,14-and 0*82 mm reapeotively, At Stags HI
fll the; isolates were found to reduce the content too-- ouch#
ihc chlorophyll b contents with the isolates , Ag# A^* 4^,4^,

Aj and 4^ were found to be 0,,11, 022, 0,41*0*23, 0,35, 0,-14 and 
0,#17 fflg» reapeetlvely* ikadham redaction of the chlorophyll £ 
content was observed with the isolate Ag and A^, the- chlorophyll j| 
content© with the® were found to be 0*05 and 0,08 'saga respectively.
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?fnea tho chlorophyll & content of healthy leave a at different 
stages were compared, It was also found to decrease with age 
{ Text figure f ),

V/hen stage moan me consideredt: Stage III significantly 
reduced chlorophyll b content, Wlien isolate moan was considered 
all the isolates significantly reduced chlorophyll b content.
At Stage I, all isolates except A0 significantly reduced 
chlorophyll b, At Stag© II* isolate Ag» A~, A~, Ag and Ag 
reduced it significantly. At Stage III significant reduction 
of chlorophyll b content was observed in case of isolates ,
AgP Ajt Aq and Ag,
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fable 17* Chlorophyll b content of tbs leaves of pumpkin
(C. mqgobata Poir ) plants at throe different stages 
of pathogenesis after being inoculated with the nine 
pumpkin virus isolates'

si. Isolate Chlorophyll b content Average »f» C.B.at
Ho • ( opv%3 -of fresh weight ) test 5^

stage I Otago II Stage III

1 A. 0,46 0,56 0.11 0.38
2 a2 0,42 0,14 0.22 0*26
3 A3 0.25 0.22 0,41 0.29
4 a4 0.18 0,70 0.23 0,37
5 A5 0.55 ■ 0.48 0,25 0.43 * 0.11
6 A6 0.50 0,62 0.09 0.40

7 ^7 0,45 0.61 0.14 0.40
8 Aq 0.70 0.53 0,08 0,37
9 A9 0.54 0.33 0,17 0.35

10 Healthy 0,76 0.72 0.41 0.63

Average 0.40 0.47 0,21

*3?* test ft

G.D . at 52 0,06

Stage x Isolate *3?» test a «
C.B. at 5?s a 0,20
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It io evident from tlio fablo^lS that due to inoculation

of all the isolates to healthy pumpkin plants, reduction of, total 

chlorophyll content was observed* At Stage I minimum reduction 
waa observed in ease of isolate Ag whore total chlorophyll content 

wag found to bo 0*91 ngra as compared to healthy where total 

chlorophyll was, found to bo 1 *00 mgs. Moderate reduction of total 

chlorophyll content was observed in case of isolates A^, Ag» 
k^f and. Ag where total chlorophyll contents were found to be 

0.75, 0.69, 0*64, 0,61,0.57 and 0,54 ngn respectively. Kaxinus, 
reduction was observed in case of isolates and A^ whore total 
chlorophyll contents wore found to be 0,52 and 0*25 asm respectively. 

At Stage II aiaiiaum reduction of total chlorophyll content was

observed la case of isolate A^f Ag, and where the respective 
.chlorophyll contents were found to be 1.00, 0.95, 0*88 and 0.82 nga, 

Moderate reduction of total chlorophyll was observed In case of
isolate A^., •&9» Aq and A- where the' contents wore found to be 

• 5
0.64, 0.48, 0,47 and 0,51 agm respectively* Maximum reduction was 
observed in ease of isolate Ag whore the chlorophyll content was 

found to bo 0,19 mgm, In case of healthy,the total chlorophyll 
Content ma found to be 1.07 agm. At Stag© III in ease of healthy 

loaves tba total chlorophyll content was found to be 0.66 mgm* 
Minimum reduction of total chlorophyll content was observed in
case of isolate A^ and whore the chlorophyll contents wara found 

to bo 0.57 and 0.41 mgo respectively,. Moderate reduction -was
observed in case of isolate knf A, and Ac where tha chlorophyll 
contents were found to bo 0,51, 0.52 and 0,23 ngo respectively, 
Maximum reduction was observed in case of isolate ,Ag and Ag
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where the chlorophyll contents were found to bo 0*17, 0*14 and 

0*13 agra rospaotivelyC SJoxt Figaro 8)*

Uhen stago moan was considered,Stage III was found to 

significantly reduce total chlorophyll content, Ufeen Isolate 

moan ma considered, all the isolate a wore found to decrease 

total chlorophyll contest* la all the three atagaa all isolates 

were found to decrease total chlorophyll content significantly 

when compared with healthy of each stage.
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fafcl©' 18# i'otal chlorophyll content of the leaves of pumpkin 
( C, aosehata loir ) plants at three ctif&roat 
stages of i&thogeaasls after hoiag inoculated with, 
the aina pumpkin virus isolates

SI* Isolate fotal chlorophyll content Average *3?* C.S.at
no. (agi^/gu, o;t .fresh weight ) test 5P

£stage I Stage II stage III

f 0,61 0,02 0.17 0.53

2 A2 0,54 0,19 0*31 ‘ 0.35

3 -AP 0,$2 0.51 a. 57 0,40

4 A4 0,23 1.00 0*32 0*52

5 Ar.e 0,73 0.64- 0...41 0*59 ♦ 0*01
6 4-b 0,64- 0,95 0.14 ■0.58 ■

7 ^7 0,57 0,80 0.19 ' 0*55

a •&0 0,91 0.47 0*15 0*50o
9 ■ 49 ' ' 0,69 0*48 ' 0.25 • 0*47

10 IBalthy 1,00 1.07 0,66 ' 0.91

Average 0.62 0.63 0,31

*P* teat *
C.D,.at 0.006

Stage x Isolate *F* test ss *

C.B* at 5j5 . » 0.02

caw SS&



b) Suffer soluble proto in

A C ic -evident £?oru tbs -19 that all the

isolates osoopt Isolate A0 and AP Incroas&d tho buffer soluble
.j

proto la whan compared with healthy at Stage I, Healthy leavos 
wore found to tots 0,45 nga of buffer soluble protein* Vaximm 

inoroae© of buffer oolnblo protoin content mo observed ia case 
of isolate Ar whore it ms found to bo 1*00 ngo, rtodorato

w . i '

increase v?ao observed is coco of Isolate A^» A^» A^f A^ and

whoro tho buffer soluble protein ooafeants tser© found to b©

0,94, 0*88-, 0*79, 0,67 and 0,57 mm reopootively* loolate AQ
increased tho buffer soluble protein very littlo and it ms 1 ♦
found to bo 0,48 nga, Isolate A#, and 4* wore found to doorcase 
It and tiie buffer soluble protein contents with these mm 
found to be 0,39 and 0*44 raga ruopactlvolyy- At Stage II in ease 

of healthy tho buffer soluble protein content mo found to bo 

1*56 iegn, jn tills stag© tho buffer soluble protein content waa 
found to be decreased In case of all isolates, rnslnua decrease 

of tbo content me observed in case of isolate A^ and A.^ where 
the contents of buffer soluble protein mm found to be 0,96 

and 0,99 ago respectively, nodosato decrease ma observed in 
caeo of isolate Ag, Aa, Ag, An and A^ where tho contents of 

buffer soluble protein vroro found to bo 1,00, 1*22* 1,44, 1*05 
and 1,21 ago roepDotlvoly* Hintona dcoreaoa ®3 found in ease of 
isolato Ac whoro the content ms found to be 1,69 oga only. 
Isolate A-j ms found to Increase it and the content ms found to 
bo 1,75 ssoau At Stags III the healthy leaves were found to have
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buffer soluble protoln content m 0*43 ag®* In this Stag© 
all tbs "'isolate© ware found to increase tbs buffer soluble 

. protein content* r&xtaua increase m& observed ia cue© of
isolate Ag- where the buffer soluble protein content was found 
to be 2*10 jags* Moderate increase was observed in. cage of
isolate Agi A^, Ag, Ag and AQ where the seat eats- were found .to ■ 
be 1,59, 1.?2# t*92t 1.71 and 1*66 a®a respectively, Ellalau®
increase mm observed in case of isolate &^.9 A^ asd Aj where 
tbs- contents were- found to be 0*45* 0,66 and 0*79 mg® reepectlvely

then stage mean m® considered, -Stag© II w- found to 
increase buffer soluble- protein, content significantly, When 
isolate mean m& considered all isolates ware found to ■increase 
it significantly* At Stage I, all isolates except Ag andAg, 
significantly increased buffer soluble ■protein content in 
oompariften to that of tbs baaltby* At Stage II* all isolates 
except Aj and Ag significantly reduced it* ■ But at stage III , 
all. the isolates were found to increase buffer soluble protein, 
■content with respaot tc that of bo$ltby*
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e ibis 19. Buffer soluble protoin ocmtoat of tbs leaves of 

puapAla ( G, raosotota Poir ) plants at tteoe
different ota cos of patboganoalo aftea? bo is©
inocttlatod witte the nlao paapfcia virus isolates

SI* Isolate Buffer ooluble erotoi;a content Average »pt O.D.at
ITO. tost 50

Stage I l3 tags 12 Stage III

1 0.57 1.75 0,45 ■ 0.92

2 Ag 0.38 1,00 . • 1.39 - 0.99

3' 3 0*94 0,99 1.72 1*21

4 A

a4 0,67 1.22 0,66 0,85

5 Af“ 0,44 1.69 1.92 1.35j # 0.01
6 H 1.00 1.44 1.71 1,30

7 Aj 0.79 0.96 0,79 0*04

8 C
D

«? 0,40 1.05 1,66 1*06

9 A9 0,08 1*21 2.10 1,39

10 Healthy 0,45 1.56 0,43 0*81

Average. ■ 0.66 1,28 1*30

»F» tost

C.i>. at 50 0.007

Stage z Isolate *F test a *

o,]0m at 50 * 0,02



c) gotol C8I'Gk precipltatolo) gap protein

It is evident from the Sable-20 that 4t Stage I 

all the isolates ware found to increase total (204- proetpitable)
...sap protein content, t%zimm increase was observed is. ease of

isolate Ag where the tolat protein confront tsqs sound to he 
4«85 mga, Moderate increase ms. observed in case of isolate

4g» 4^* A**, 4^ ? Aq

to bo 3,74r 4.06, 9*77* 2

where the proto in contests were found 
•90, 4*56 and 5*53 laga raepeetively.

liaiaiM increase me observed la case of isolate and A. where

the contents were found to bo 3*03 and 3*00 agm respectively, 2n 
case of healthy the total (204 prooipltable) sap protein content 

was found to toe 2*.37 ciom* At stage II all the iodiatec except

A<~ decreased total (204 prooipitable) eap protein-confront* Sinlsan 
decrease was observed in case of isolate 4^ whore■the content 

ms found to to© 4*77 ago* Hodcrate decrease was observed in east
of isolate A-|, 'A^-,, A^ and aq where the contents mm found to tot 

5*8?■* 3*18, 5*25 and 5.25 ego respectively* Uasioum decrease me 
observed in ease ©f Agt A^ and Ag where -the respective contents 

acre found to too S.97, 2,46 and 2*63 oga, Only lecMto A» was 
found to Increase tbs total (fGA prooi pi table) sap protein content 

and the protein content la tMo case saa found to toe 7,00 mm as 
coaparod to healthy where the content ms found to too 4*88 aga*
At Stag© III In cased healthy th© total (2CA procipltable) 

dap protoin content ms found to to 0*43 3£P. Is this stage 
all the Isolates ojeeopt isolate &g were found to increase the 

total (204 pro ei pita bio) sap protein content.* ££alnnaa increase
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was observed in ceco of isolate A^ where the content was found
'■j

to he 1,03 P£P* Llodorato lacrosse was observed in case of 
isolate A^* A^ and Ag where the contents wre found to he 1.15* 

1*53 end 1,35 aga respectively, ninimm increase was observed
in case of isolate A*, A0, A„ and Ae where the coatenta were 

found to be 0,58* 0,55* 0,40 and 0*61 ngs respectively. Only in 

case of isolate Ag the total (2CA pro ol pi table) sap protein 

content was' found to doorcase and the protein content in this 

case was found' to bo 0,36 ago' ( Soarfc Figure 10).

Viian stage rpan.was considered Stage II was found to 

increase total (fCA proelpitable) sap protein contents significantly 
When isolate aoaa was considered, loolato A^, Ag, A^ and AQ 

were found to increase total (2GA procipttable) sap protein 
content significantly whereas isolates A*f An, A-., A4f and A«

I c* y' V f

significantly reduced it when compared with the healthy. At 

Stage I and III, all the isolates significantly increased total 
(i'OA prqcipitahlo) ssp protein content. At Stage II Isolate 
significantly increased whereas all other isolates significantly 
reduced total (2CA proeipitable) sap protein con fee at.



SJable 20, 2otal (20& praelpitable) cap protoin content of 
tho leavea of punpktn ( 0* aoochate Polr) at
three difi-
iacGulatoCl

eront stages of pathogc 
"jitli the nine pusp&ln

nasals after being 
virus ioolatoo

151* -isolate Stotal sap protola(IflA prod pi- Avers- *P1 C',S),a
HO. table 3 content g© tost 50

(ago/ga of fresh wight) •

Otago I Stage 'II Stage III

1 At 5*03 3.87 0,53 2.49

g iUd 5.74 2,97 0*55 .2,42

3 A- 4*06 2,46 1,15 2.55

4 5.00 3.13 0,40 2,22

5 A- 3.77 7.00 0,61 3.79
j « 0,02

$ Ag 4.83 2,63 0,36 2,60

7 A? 2.90 3,23 1.53 2,55

8 Ano 4.36- 3.23 1.35 2,98

9 Ag 3.53 4,77 1,03 3.37
10 Heal thy 2.37 4,03 0,45 2.56

Average 5.55 5.82 0,08

»P* 2est V?

C.I), at 50 0.01

Stage 2£ Is elate *F1 tost a *

C.B, at 50 « 0*04

•M
B 8
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d) RQ&mirm sugar and starch

It Jo evident from tho 3able-21 that sit Stag© I 

the reducing sugar content in bualthy leaves mo found to be 

32,50 lags* In caso of all isolates except A^ the reducing 
sugar content mm found to bo clooroaaad, i&nlaaa decrease 

of reducing oogar o onto at mo observed in case of k^ where the 

content ms found to bo 27,50 rags, noderate decrease v/aa 

observed. in case of A0, AT and &» Whore the ooatoata were found ■ 

to ho 80.00, 23#50, and 20,.00 ngn respectively, Llaxlmus, 

decrease ms observed- in caso of , A~ and Ag where the respective

sugar contents were found to bo 5#00, 4.00 and 3,00 oga, la 
case isolate the sugar content ®a found to bo 34,50 oca.

At Stage IX the reducing sugar content ia case of hoalthy was 
found to be 15,00 ogn, In tliio stage the reducing sugar content 

was found to increase with all tho. isolates except isolate 1^. 
tMsdum increase was observed in case of isolate A^ and Aq where 

the -contents wore found to bo 32,00 and 30,50 oga respectively, 

Mod©rate increase wao observed in case of isolate A2» A^, A^, 

sad Ag where the contents were found to be 85,SO, 87.00, 

28.50, 26,50 and 27,50.agm respectively. Htnimua increase was
observed in case of Isolate Ag whore the content ms found to 
be 20,00 oga, la caso,of isolate the reducing augur me 

found to doorcase and the content was found.to be 14,50 aga.
At Stag© XU the reducing sugar content of healthy loaves was 
found to bo 39*50 nga, • la till a stage the- reducing sugar content 
in case of ail isolates woro found to decrease• niafipaa decrease 
ms observed in case of isolate Ag, A^ and A^ where the contents
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mm found te-'tso 99*00* 38*00 and Jt03O- 'aga j?espootitel^ 

SSodgnats debase ®s in'ease of isol&to Aj*
and Aq wbsne tfee contents mm found to Is© 20*50* 95*00«90*50? 

32*00 aat 30*50 ©sa nespeottvely*. f&sisium A&emam m@ obswftsd 
$&'Gaes of Isolate Ag wbsn© the ecmteiits none'found t© Is© 21*30 
mgs | feat.- ttjptfo 11)*

'fitea stag© mean ms eoasldsjpsd Slag©- 1 sigaifieaatly 
deOroasQi the reducing sugar oon&eat whereas sigilfieaat 

increase of this compound was Observed witti. Stag©. Ill* 'Miea 

Isolate mm a was considered, significant. decrease of tM reducing 
sugar was observed when. -compared with healthy, 3omo isolated 

mm found to increase it but that iaereas© ms found to be 

.insignificant *• At state- I significant reduction of reducing 
sugar content by isolates Aj* Ag*. Ag* A^# A^ and AQ fas observed* 
At Stage II isolates A^f A*-*’ Ag sad A^ wire found to- Increase it 

©igalfioantly* At Stag© ill m significant ©fleet ms observed, 
but la -ease of isolate Ag ©i^ifloaat reduction of reducing ©ugai 

content ma obsonred, •



Sable 21, Seducing Sugar content of tbs leaves of pumpkin 
( £* gogoteta Poll?) at throe different stages of
pathogensalo after being Inoculated with the sine 
pumpkin virus isolates

si;*
I©*

Isolate Seducing sugar content 
oi drjr weight)

Average t|»»
test

C.fl.at»
Stags I Stag© II Stage III

i 5#p6 14*50 ’ 88*50 16,00
2 H 20*00 83*50 ’ 81*50 81,67
3 H 25*30 27*00 35*00 28*50
4
5
6

h
H
%

87*56 '
4.00
7*00

28.50
32.00
20*00

30,50 '
37*50
39*00

28,83
24,50
22,00

« 6,99

7 A«|> 20.00 25,30 32.00 * £6.17 s*

3 A0 * 3.00 3o «m '30*50 ’ 21*33 *

9
10

*9
Healthy

34.50
38*50

27*50 ’
15*00 *

38*00
39.50

33*33
29,00 - -

Average 17.70 24,50 33*20 ■

•3H test #
■0#»:. at 5$ 5*85

Stag® at Isolate . ,iv» tost m Hot significant.



It i® evident £ros> the $ablo«22 that at Stage t
in case of healthy leaves starch content ms found to Iso 115*00 

Isolate A, , A-, A A and Aq ms found to tnsreas© starch4 w7
content whereas Ag, A^.,. Ag, ,Ag and decreased it, tsasimm 

increase of starch content was observed in whore the content 

was found to he 817*00 mgs, In ease of A^# A^ and the content 

®s found to he 136,00, 118*00 and 170*00 sgm respectively*
Hjxtiau® decrease of starch content was ohservod in Ag where the 

contest was found to ha 23*00 cjgk, In case of isolator A0, A*
& a

and Ag# tho atar^ch content was found to ha 107,50, 60,00,63*00 
and 69*00 agm. At Stage If in healthy loaves the starch content 

was found to he 12,00 ss@a, In this stage all the isolates 

except As Increased starch content, htmimm increase ms ebeeEved 
in case of kj where the content was found to 'ho 121,00 ago. 

Moderate increase was observed in case of , Ag, A^ and A^ where 

the contents were found to he 83.00, 50*00, 70,00 and 92,50 ra®a 
respectively, llinisma increase was observed in ease of isolate

Aq, Aq end Ag where the contents were found to he 38,50, 30.00 

and 29*00 ofjEs respectively, Isolate A~ ms found to decrease 

tli© starch content and the content was found to he only 5*00 mgs. 
At Stage III the starch content of healthy leaves was found to he 

175.00 ®£p, ' At this stag© all the isolates aaceapt isolate A,~ 
were found to decrease the starch content,. Uinimm decrease was
found in case of isolate AQ where the content was, found to he 
148*00' isga* Moderate decrease ms observed in case of isolate

A.^ * Ag, ^3^ and Ag where the content mo found to he 12,00, 
50*00, 50,00, 53*00' and 28*00 m(pi respectively*, llazimusi decrease
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vmb observed In ease of Isolates amt whom the respective 

starch 'eonteats tsero found, to to 9*00 and 1.00 mgm, la case of 
isolate Ag* the starch content was found to increase maximum and 

the content ms found to ho 282,50 ngm (Test Figure 12),

When stage moan was considered,. Stage I significantly 

Increased starch content whereas Stag© -II significantly decreased 

It, ' When isolate man mo considered some isolates (A^, Ag» A^,
Ag, Aq and Aq) were found to doorcase aM some isolates (A^, Ag 

and A^}. sere found to increase it significantly,' At Stag© I, A^, 
and Atj significantly increased and Ag,. A^, Ag, Aq and A^ 

reduced significantly* At stage XI, all the isolates except Isolate 
At increased starch content significantly.# At Stage III,, all 

isolates reduced it significantly except isolates where 

sigaiflcantl increase ms observe-",,.
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fable 82, Starch omtont of tho loaves of pumpkin (C, mosohata 
Potr) at three different stages of pathogenesis 
after being inoculated with the nine pumpkin virus 
isolates

■ SI* Isolate 
HO*

Starch content Average »P» C.D.at 
.test 5$

'
Otago I stage IX Stage III

1 A, 136.00 83,00 12,00 77.00

^ ^g 107.50 iO.OG 50.00 69.17 • ■

5 Aj 118.00 70.00 50.00 79,33 ■ ■

4 V 217.00 98.50 . 9.00 106*17

5 Ag

$ %

23.00 5.00 1,00 ■' 9.67
* 2.14

60.00 33.50 282.50 27.00

7 a? 170.00 121,00 53.00 114.67

8 A8 83.00 30.00 148,00 87,00

^ Ag 69.00 29,00 28.00 42.00

10 Healthy 115.00 12.00 175.00 100.67

Average 109.85 53.10 80.85

»P* test #

C, I), at m 1.16

Stags 3i Isolate ♦P* test «t *

<3*13 at 5$ » 3*72 •



16?
o) Ribonucleic acid (BM)

It is evident from the Sable-23 that at Stage I 

the am contest in healthy leaves was found to be 2.65 agm, 

la this stage all the isolates were found to decrease Him 

content, Minimum decrease was observed in ease of isolate A^ 
and Ag where the contents ware found to be 2,30 and 2,28 mgm 

respectively. Moderate decrease was observed in ease of isolate
Agi A*., 4^,4^ and Aq where the contents were found to ho 1,36, 

1,25, 0«8i» 0*80 and 0,87 mgra respa etlvcly, Maximum reduction
was observed in case of isolate and Aq whore the content©

mm found to be 0,60 and 0,45 mga respectively. At Stage. II,

the Pda content ©f healthy leaves was found to bo 1,70 as®#,.

At this stage isolates A^, .t, A^, Ay and Ag increased lilA

content, V&siimm. increase was observed in case of A- where theo
content -was found to be 2,60 rags. In case of isolate A^, A^
Ay and Ag moderate increase was observed and the contents: were 

found to be 1,97# 1,75, 2,00 and 1,99 mga respectively. Isolates,
Ag, A^, Ag and Ag were found to decrease it, Minimum doorcase 

was observed in case of Aq whore the content was found to be . 
1,63 sgs* Minimum decrease was observed la case of Ag, A^ and 

Ag where, the contents were found to be 1,40, 1,13 end 1,02 mgm 
respectively. At Stage III, H!IA content in healthy leaves was 

found to be 0*43 sgm. At this stage, a3Jp the isolates except
Ay increased aim content, Maximum increase ms observed in 
case of At- and Aq where the respective Him contents found to 
1,7? and 1,25 mgm, Moderate increase mo observed in case of
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Ag, Aj, A^, Ag and Ag ivhoro tlvJ'uHA contents c?ere found to be 

0*57f 0,71, 0,50,. 0*72 and 0,65 ragm respectively* HLalmma 

increase gas observed in caoo of isolate A^ whore tbo content 

ma found to be 0,47 aga, Isolate A^ oas found to decrease HHA 

content and the content gas fount! to be 0*35 raga C 2ost Figure 13).

-uiiea stage noan gas considered Stag© II vno found 

to increase E1A content significantly, dhen isolate noan gas 

considered oigalfleant reduction of IIHA content due to virus 

Infection was observed, At Stage lf all the isolates were found 

to reduce^lUM. content significantly. At Stage II isolates A^f 

Ay A^, Aj and A^ were found to increase it significantly. At 

Stage III, all Isolates oxoept isolate wore found to incroaso 

11RA content significantly*
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Sa&L© 25. Illboaucloic acid content of the leaves of
purapJcla (0. raoaoMta Foir 5 at three different 
stage o of pa tlioipaooic after being inoculated with 
thj nine panpkia visuo isolates

Sl.iTo, isolate iiibonucloic acid content Average !P’ C.f.at
(u@Vfo3 of fraah v/eight) test 5^

Stage I Otago XI Stag© III

1 2,50 1.9? 0.47 1*64

a' Aa 1,36 1.40 0,57 1,11

3 ft5 1,25 2,60. 0,71 1,52

4 A4 0,81 1,75 0.50 1,02

5 Aq 0,80 ■ 1.15 1.77 . 1,23
* 0,02

6 Ag 2.28 1,02 0.72 1.34

7 Aij 0.60 ■ 2,00 0.35 . 0,98

0 Aqo 0*45 ■ 1,63 . 1,25 1,11

9 Ag 9,07 ■ 1,99 . 0,65 1.17
to Healthy 2.Q5 ■ 1,70 ■ 0,43 1,66

Average 1.37 1.71 . 0,74

*r» test «•

o,s, at 50 0 ,01 -

t

Stags k Isolate »!?• toot

0,9, Qt 5$ » 0,04



V. 3 1 0.0 0 3310 !-J

CiicurMta mosclmta loir, popularly knows, as pumpfeia, 

is widely grotm in bast lioagal particularly ia the dlst-rlets of 

Burdvaa, Sooghly, 24 j&r&znaa aafl Sadia as one- of the oa^or 

rahi vegetables, jffeo crop io usually aovm in the month of 

lamory-l-obriiary and harvested in the month of Oiy-duno. ivory 

year during tlio oidulo of thoir growth period, gyoptcos of virus 

diseases appear In the loaves la may fields, whan the fields 

\mm surveyed during robruary-varch 1973 for the lacidsncs of 

virus diseases, symptoms wore oboo.vvod in 60,00 £ 4.58 **89,35 ♦. 

3*4? por coat plants la the fields of all the districts under 

considerat?ion. fhe loaf symptoms found in tip fluid were not 

identical to each other and at least six typos of symptoms 

(typo were observed, U.ilw i ncideneo of type 1, II, III,

IV, ¥ usd VI symptoms wore 13.66 % 0,37 - 21,66 4 0,33,

36,66 $ 1.20 - 51,00 * 1,52, 7.00 + 1,00 - 0.66 ♦ 0,97,

9,33 4 1.20 -14,66 + 0.33, 2,00 + 0.57 - 7,GO 4 0,57 and - 

15,00 ± 1.52 - 16.66 4 0,07 par cent respectively. It is apparent 

from those obaorvations tint the iacldoaco of type II symptoms 

was much cioro ocanoa In tho fields. As ouch, the isolation and 

Idant 1 fioatioa o'radios on tho viruses Involved in the type II 

symptoms wore miuertaion, hhon the leaves aiicnving type II 

symptoms -wore collected from the fields frea tine to time and 

sap transmission studies vjoxq gorfomod, 31-30 per cent traas- 

alo.,don was obtained, bat symptoms produced la the inoculated 

plants rm:co a a-in found to differ, 2huo the type II symptoms
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la tho field was considered as complex and attempt %a made

through sap transmission tocfcalg.de to separate the types associated

with this complex*, Samples showing 'typo II symptom complex were ■

brought la batches frca the fie Ho, 0m sap transmission* each"

batch of sample produced two or more typos of symptoms ia the
inoculated plants, When inoculum was obtained from these plants

and again transferred to the tost plants* symptoms true to the
type was observed. In this way from series of sample a, alas

different type® of symptoms ware identified (A.j» Ag, A^* A^, A^* Ag,
, Ag,A^ sad Aj showed prominent

vein banding which me not apparent in-A0 and A^, in A^ * A^and
A^* vein baling mo much mors prominent than ia A^, A^* Ag and A^«

Prominent green blisters were apparent In A| and Ag but not la Ay
In between Aj and Ag* vein yellowing was found in Ag and not ia A^,

Amongst A.,, Ay Ag and A^, .yellow chlorosis ms found to start

at the margin of the lamina in cad Ag whereas In Ag and
yellow chlorosis started irregularly upon the entire lamina,
Broainont green blisters were found In but... .not in Ay la

between Ag and A^*. puckering of the lamina was observed In Ag
but not' in A^, In between Ag and Aof yellow chlorosis was found

/
to start from 'the margin of tbs lamina, in AQ whereas is Ag yellow 
chlorosis started irregularly upon the entire lamina, I’he viruses 
from the nine types of symptoms obtained from the type SI symptom 
complex of the field could be isolated and maintained ia 
£. aosehata plants in pure forms.

Ar^ * Ag and Ag )« A | *Ag* A«*

whfcn the- physical properties of the isolates were 
compared* the thermal inactivation points (SIP) of all isolates



172

v-fcre found to be la botiroen 40° to 513°C, 'Ike SIP of A« and Aa 
ma 40-45°0, tha 211? of Ag, 4^, A^, A ana 4g nas 45-50°C whereas 

the Sip of A- and A*, sere £amd to bo 50-5S°C, Similarly the 

dilution end point (XGI?) of all the isolate© sera found to h© la 
between £ icT1 - icT^’-3* Sho MV of 4^ and Aq raa© found to bo 
lose than 10“^., i’ho MV of A~ and AQ mo found to be

She Blip of Aj, and 4^ sag 10'
Vi

^ rsto -*•>

10-2 *5
, the DJ.F of A^ sag

ICT5 and the &3P of 4g mo 10’ 10
"3 4^»•0*5 2hQ agsiaR

in vitro of all the isolates at room temperature (24—32°0) sere 

found to bo in between 6 hours to 100 hours* 2hs ageing la vitro

agoing in yj.tro of k& and A,, was 12 hours.of mB 6 hours. She

agtj;going in vitro of Ag, and A^ wore 40 hours and the ageing 

in vitro of iu, Ag and A^

(7 clays) respect Italy (Sable -10 ),

d' -p a9
mm 60 hours, 84 hours and 160 hours

In the float ma£p studios, it ms observed that all 

the isolates osoopt Ag, A^ and A^ could ha tan seal feted only to the

most of the cucurbits ceous hoots under' consideration and not to 

the plants belonging to other families, 13 plants of Cucurbitacooe, 
12 plants of Solamceaa, 3 plants of Aagoisiiiosaa, 2 plants of 

0ruclforas, 1 plant of Garieaooao, Apooyaaaceae, Assxranthacoae * 
Ooapooitae and 3 plants of 0haaopodiacoao wore tested, fho isolate 

was found to be remissible to all the cucurbits tested except 
acuta ngs&a and C, ,’aolo (C&nta loupe Selection B 63-3), It was 

not transmissible to 3. r&loageaa var, lluitahesM, j?, laytelda ,
B, cacrDestrls tar, Parson « 8. olomeoa or B, vulgaris, 2he4w» - mi r ii -wrriitiitnnmii-i ct. n Wi"’tir * miirn i—n« «*a* - an,- mmiiiiMaKmim minwiK -

isolate %, mo found to be transmissible to all tho cucurbits except 

|f, ohazan.tia, B, peri fora ao-1 C, aelo ( Cantaloupe Selection

It however ceald not ^ouuco any symptom in l.eyliadrioa»



ht. acuta soil la and o, vainer!o var. fiotulosus, liiue© plants smr@ 

found to bo syraptonloso carrier of tho isolate, ag regards to 

tho aotiMSUcurbitacoouG hosts, it could infect and produce oynntoins 

la d. aoloagona var, liuttoHOGoi and ?• hybrids, But it did not 

infect B, ooapsatglo var iferooai 3, ole re go a ani B, yalmris, rhe 

isolate trao tmnoslssiblo to all tho cucurbits except 

L.oyllndrica» G.raolo ( Cantaloupe Dolection 3 65-3)* 0, catlvus var, 

local Bhite and C, oatlvus var, long Graen, It produced diotioct 

syziptous in all tho cucurbits la mich it -.•as trunsaioslble, As 

regards to tho non-cue orb itacoouo hosts, it could, infect and 

produce oyaptooo in 0, nolor+rom var, nuistaroohl and 1, hybrida. 

Stoetard, Spinach and Boot wore found to bo cyaatoaloss carrier 

of tills isolate,, fho loo la to A,, xao found to ho trononiooible to 

all tho cucurbits .except 3, corlfoi^a and 1, aoantagula, It, however, 

could not produce amr oyanten in b, vulcario, C, vulcrris var, 

flstulosus and 0, lam tug . As ouch, thaso plants appeared to be 

syaptonlceo carriers of this isolate, 2?hls Isolate mo not found 

to bo transmioalblo to any of tho non-cucurMtacooua boats tostee •. 

2ho isolate A~ uas found to bo tranoaioolblo to all the cucurbits 

except B, corifora and L, cyliaArioa, It hor/ovor, could not produce 

any oysiptoino In 1, vulgar la emu £, vulrarlo var, fiofeuloaus and 

prasrumbly tho so two plants uoro syaptcoloss carriers for this 

ioolats, Amongst the aon-caourbitacootio hosts, thio isolate could 

infoot ami produce oyaptoac only in 3,cQloaccria. var, Lfuktauashi and 

J?, hybrids. She i cola to could not infect r.T,charaatia, B.carifera 

and C, vulgaris var, fiotulosuo, It could infect but could not 

produce any synptcia only in C, lamatuo, Shis i sola to howovor, t®s
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not- txnasjaloolblo to ary iioii-e'uour*bitac3o*io hoots, Dhs isolate 

could not i&foot B, carlfaro, L.eyllr^riea.* 0., nolo (Cantaloupe 

Selection 3 05-v)» £, salivas Tar* local white anil C, oatlvue vox* 

tong Greoa, 1* vulcarls too toon found to to tlio only syoptscileos 

carrier for thlo isolate, fhic Isolate, hoGraver did not Infect 

any noj**cacurbltaccous hoots* 2lso isolate 4f, could not infect
•w*-

1* cylinggjca, 1* Qoutaar.ula uml 0, nolo ( Cantaloaso Oeleotlon 

B 63-c>)* B» cerifora too toon,found to bo tb.o only oyaptcoloos 

carrier for this loolato, -Ziiio Isolate also did not infeet any 

noEMSuoart)!taooouo hoots* dto isolate A^ coaid not infect 

B, eorifora, C* vutegio var, flDtulosus , G, lamtiac ana C, nolo 

(C&ntaloupo Colootion B 63-0) • B, aon&nsiila too 'toon found to 

to thg only cynptoraloas carrier fox* thlo isolate. It did not 

infect any aon-oueurb i taw euo host a*

Proa the hoot range studies, it io ae-aront that tbs 

trcmaaiosiblllty of (too tools too A* A6* ^7* iU, and Aq "too 

strictly Footnoted to the oucurbl tin econo hosts, nhereao the 

isolates AP, A? and Ar could to txnnorltted to a f07/ non-cuourblta- 

000110 hoots, £huoe tloroo Icolotoo oouM infect and produce oymptoao 

In Q, oolon^ona Tar. toshtahoohi and £, bybrida. She isolate on 

the otbortoad could infect B, canpeatrio var. dhrson, w.otomcea 

and 3, vatoggle but could not -greduoo any oyaptoa in thoa. Anongot 

the isolates, restricted to tto cucurbitsceous hosts, An could not 

•-infect Cltrullus Iambus, A- and A^ could not infect cucmtor 

lone i^eoon and Oacoator local white, A^ and Ag could not infect 

n. obaraatia* , A^, Af, could not infect B, acuata?inula«. Ag, A^

and A^ could not infect C, Vuitoarts Tar, fiotulosuo, A-, A^, A^
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and Aq could not infect L« ovliasurica. A^jAg, A.*., aq and Ag 

could not infoct £, agio ( Cantaloupe Solectioa B 63-3) and moss 

of the isolate except S/U and could infect B, eerlfera 

(Sable 115*

In the transmission studios of the isolates with 

4# Aooej/pii Clover, •■Ivans poroicaQ Suls, and B.tabaci tom* it 

was observed that A. and A0 were not transmissible by thoo, AvI c. o

was transaiasiblo by B. tabaci and not by A^osovaii or r.l.porsicae, 

A^ and Aq were tresoaisslble by only n, rersicao. A^, Ay, aq and 

ware transmissible by only A, aooevoli. la oaa© of A, goosj/pii 

transaieoiblo isolates,, the efficiency of tnanoialoDioa, was, 

however, found to differ, fhe percentages of transmission of 

the isolates Aq, Ay, AQ and Ag with this aphid were 37, 43, 29 

and 22 respectively, Iloroovor, 'the period of .retention of those 

isolates in tills aphid after the virulification was also found to 

differ. An A, reosoynii oaoo virulificd could retain the isolates 

Ac, A7, A0 ami A0 unto a period of 72 hours, 96 hours, 24 hours 

and 96 hours respectively* la case of the £, reraica© transmissible 

i sola too A^ and Aq, the efficiency of transmission was found to be 

the same, Uith both the isolates 40 per cent transmission ma 

obtained. An aphid £, aorsioae. virullfisd with either A^ or A^, 

was found, to retain the isolate for th© earns period or la other 

words for a period of 96 hours only, Ahe percentage of traaosal- 

ooioa of -A? with B. tabaci too found to be only 32 and the detention 

period of this ioolato in the white fly once vlrelified was found 

to bo 40 hours.
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In the elootronwicrosocplc studios, the particles 

of all the isolates mro iowa.il to be flexible rods of varlod 

length, Srho length of the particles of Ag and A.v wre in between 

500 nyu - 600 myu, 9ho length of the particle Ag see 587*5 myu 

and that of A^ me 525..0 ryu, She length of the particles of Ag 

mo 675,0 mya, She length of the particles of ly, A^, and Ag 

were in 'between 700 cyu - COO nyu, i'ho t spoctivo lengths were 

712,3 ayu, 725 ayu, 743 »yu and 705,0 aya, Aha length of tho 

parti olos of Aj and A.*, wore in ho tween 800 oya - 900 cyu and the 

respective lengths wore 025*0 Eyu and 574,9 O/U,

5liea oorologloal studied ware rode with those isolates. 

It vna observed that all the ioclat^o were related to each ether 

(•fable 15), Apposing the aatioam of all the isolates to th© 

antigens of all the isolates, at- louot ono occioon band (band 2) 

ms found to each combination, Amongst those isolates again,

■whoa aatioorm ms exeosed to the antigens Ar. A„

Xq and Afl , on© band was observed with iy (band 2) and also with 

As- (band 9),two bands wore produced with A* (bands 2 and 3)» X*j} ^ ^ v
(bands 2 and 9) a nil A*j (bands 11 and 12) and no band mo observed 

with Ar> and Aa* bhon. antisera a. and ar.> wore exeoeed to the 

antigen A^ no band r;an observed, \.roon the antisera a^, and 

wero exposed to tho antigen, on© band was found in all the 

oases, with a- and ag band 2 mo observed but with ,a^ a different 

band (band 7) ms found, .exposing the antiserum Qq to tho iy 

antigen, three bands ( banc; 2, band 6 and band 7) wore found 

and when the ag anfeioerun 'A3 exposed to antigen no band was 
fooaod, £hus it nay bo cold that exposing the antigen to
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different aattoora and exposing 

guns, cor^aoa bates wore observed

tiia a,j antlewrure. to £ 

only with A^ and Ag,

Am w** Jkt

75 (*f
Aft -. X

nt

cay bo dors close!y related to A^ and A^.

Item ant looms a^ wao exposed 60 the antigens of all
<d»

the i cola too p no band t-ao obs -rvod with tho aafelipao of A.,, A* t> . > S'
Atj# Ag ate Ag1# 01th tlio antigon of Ag only one band vxxb observed 

and with the antigen of ite, ttoo toads (tend 2f band 5 and
■ ’ . v

hand 8) wore observed. t/hon the antisera and mm exposed 

to tho antigen Ag, the Sana band 2 ms observed with ate three 

different tends ( band 7* band 10 and tend 11) mm observed with

a^. V/hon tho antisera a^, a^f a^, Qg, and ag. war© exposed to 

the antigen.. Ag» ono tend (band 2) ms observed respectively with 

, Qg and and two bands wore observed with, (tend 7 and 

band 8) and (band 2 and band 15). $0 baud ms# however, 
observed with a0* 3?roa those • observations, it is spirant that 

whoa tao A^ antigen was exposed to ag antiaoma tends' 2, 3- and 8 
appeared# vtea antiserum a~ ms opposed to A0 antigen* tend 2 
also appeared, ssme tho isolate A-. scorns to be aoro close to A-><P
than any other isolate,-

tfhon antiserum was exposed to the antigens of , - 

Ag, A^ ,A^, i\q, Ajf Ao and Ag, only one common band (band 2) was 

found with A^,Ag,A^ and A^f one different tend (tend 12) ms found 

with Ag, two tends (hand 2 asad tend a) wore found with Ag and three

tends wore formed with and A 

and 9 and those with An» were 2 

a2* ®4» a5»h^»ay»aa end were

q* 2ho tends with A*- mm 2, 5 

3 and 9. Uion- the antisera 

exposed to the ant icon A^t one
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cocKson tend (band 2) ms forced with a^t ag and ay, ®wo tends 

(tend 2 and tend 5) mso found with and a~* three tends vmxe 

found with ag (band 2f tend 5 and tend Q) and so tends were found
with ano Qg* It le appro at that whan antlserwn ms
exposed to tho differcmt antlgoao and &9 antigen ms oxposod toP
different antisera ,■ eoiason terns wore observed oaly with Ag 
A^, Aq, Ag and Ay. 2huo Aj nay ho cloooly related to all thae® 
isolates*

'UhDn the ontis^rua a* was exposed to the antigensV
of A^» Ag, A^* A^, Ag, 4g> Ayt Ag and Agt only one tend ms found 

with A^, Ag and A^« A|,. ilq. Ay ami Ag did not produce any tend* 

A0 produced two different tends ( tend 7 and tend 8)* uh@a
antisera a^f ag§ a^* at-t a^p Qy# a^* and a^. were exposed to
feho ant A, too teado (hand 2 and tend 4) wore found wii ‘0
ate os© tend (tend -8) ms found with a^* with ag* ®g ,ay and a^

no tend ms observed, Uith a, ai$ a* one oonsnon tend, (tend 2)* y
ma observed.# It lo apparent that vMmi aatisersn ms exposed 

to the different antigens and antigen was exposed to different 
antisera* ocorson tends mro found only with A^ and Ag, fhus A^
say be sioro closely related to A.k *l6*

wtea fete a&tiserua Or ms exposed to the antigens
.«■*

A* * p h A^f Ag* Ag and Ay, Ag ar4 Ag, two tends were fearned

with Ag vtead 2 and tend 13)* A^ (‘ 
6 and tend 9) cmd four tends (tend **#

. 2 and tend 3) and AgCbasd
tend to, tend 11 and tend 13)

wore forced with An#4, * A? and ifl did not 

the antisera #a2*a3*a4*a3*a6*a7»a8 and a

produce asy tend, when 

^ were exposed to antigen



&ettwo fllffwont toad® ( band 2 and tend 3) worn foraed with

a6* ag* a4* q7* e8 an^ a9 did not ^roaues any band but 
pifoduesd a different band (tend 9), It is apparent that when 

ar antloorua mo ospoood to the different antigens and A« antig&n 
was exposed to different antiSofa# common bands ness formed only 

with &*« Sims he my •'be clocoly • related only to .«&*

t5
i

when tM aaMoon&s Sg me oxpo-ou'd to antigens 4^r
Agt A„, A^# Ag# AqW i%jt aai Ag* two bands ware formed with 
(band 2) , (Mad 8 and band 3)» A^ (band 2 and band 7) and 

(band 2 and band 5) and three tond© wore forood with (band 8, 

band 3 and band 6)* with Ag and A^« onlyou© Mad m© formed 
(band 2), ivbos the uatioora agf q^, a^» a^» a^, a^# and 

were exposed to t to'a at icon Ag# no Made woro foraod -with apSa^ 

and Ug, 3^'different Mud© war© produced raepootlvoly by 

(ijand 2 and Mad 9), a- (Mad 6 and toad 9) and (toad 10 and

tom -11)*. It io opponent that whan anifleexm was exposed to 
tho different antigens and Ag antigen was exposed to different 

aatisora, ©oemon bands wore found only with A^ and Shu© A- 

my bo closely rolatod to tip so two iaoletoe*

oton the. aatio^raia n.y mo expoood to tto antigens 

A^» Ap#. A™ „A£, Ag, A^#Ag and Ag*. no toad was observed with 

A^#Af-;, Ag.t Ag and A^j, Ona toad wa» roopaetlvoly found with A<j 

(toad 7)* A-> (tend 8)t A* (toad 2),' Similarly opposing the
■w. ✓

antiaera Og* a^t a^, » a*-* Qg, and to the Aatlgwn Aj, no 
toad was also ob©ecved with a^f a,-, a/r; and a^, Qm toad was 

respectItaly obsciyod with a-;? (fend 7) and o*< band 2) and two
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bands wore observed with (band 11 and band 12), Shan anti serins 

a-g ms exposed to the antigen a^# two bands (band 2 and-band 7) 
wore also- observed, it Is apparent that when antiserum m» 
exposed to different antigens aM antigen A^ was exposed to 

different antisera, common bands mm found with only Ag, Shus 
these two isolator nay be -very closely related.

Who a the antloaraa ma exposed to the antigens, 

A^, Ag? Ag, A^.,Ag, Ag, Aj and Ag ■,. no band was fonaod with Agf 
A^, A^y Ag, Ay and A^,- One band was formed with A^( band 8) 

and three bands mm formed with. (band 2, band 6 and band 7),
When the antisera a^, a2, a^, -a^, and a,g were exposed
tp the antigen Ag, no band was formed with a1# a^, , a^, and
Sg, 2hroo band© ( band 2, band 3 and band 8) wore formed with 

and two bands were famed with ag (band 2 and band 5), thus it is
apparent that Ag may not bo closely related to any of the Isolates 

. then tho antiserum was exposed to the antigen®

, Ag, Ag, A^, Ag, Ag, Ay aM Ag#. no load was formed with Ag, A^, 
Ag, A<y and AQ, Shree band® (band 7, band 10, baM 11) were formed 

with Ag, two bands (band 10 and band 11) wore formed with Ag and 

one band was observed with, (band 2), fhoa the antisera
a|, a2, Qg, a^, Sg, a^, and aQ were exposed to tho antigen Ag, 

no band was observed with a^, ay and Qg, !2wo bands were observed 

with ag (band 2 and band 8), tlireobands were observed with ag 
(band 2, band 3 and band 6) and four bands were observed with 
( band 2, band, 10, band 11 and band 12), It is apparent that when 

the antieerua was exposed to the different antigen® and the 
antigen Ag was exposed to- different antisera,, no precipitation band 

was observed, Sfhus it may bo said that the isolato Ag io not ■



closely related to any other isolate ( Sable 15)

Brcsa tlio serological studios, It appears that tho 

IboIq 'W as closely related to tho isolate A, and A.-* Isolate1 'J 'O
Ao woo closely related to the Isolate iu, Isolate A„ ms closely 

related to A^Ag A^, , Aj», A- and A^ , Isolate A^ was closely

related to A* and Ac, Isolate Ar* was closely related to A, a ad A,,j O $ 14

Isolate A^ ms closely related to A^, But the Isolates A& and 

we.ro not related to any isolate, liras the isolates my tom three 

groups,, based on their serological relationship,, ‘Group 1 included

Isolate A^,Ag, A^,A^9A^,A^ and A^. Group 2 included isolate 

t Aq and Group 3 Included isolate A^,

i/hoa the transmission oharacteriotles of the isolates

of tho Group 1 wore compared, it was found that tlio isolate© of this 

group can be further sub-dlVided on the feels of insect'transnisci- 

Mllty ( Sable 12), i!he oabgroup 1 included the isolate Aj and Ag 

which woro found to h& only cap transmissible• fho subgroup 2 

included A~ which was found to bo traasralsoiblo by cap and white 

flies, iho subgroup 3 included and A- which were found to be 

transmissible by cap and by H, poraicae, She subgroup 4 included 

A|j and Ay which were found to bo transmissible by sap and by

k* £2£2£2ii*

She isolates A, and on tho other hand, were found1 C *
to widely differ In their physical properties but tho physical 

properties of A^ and Aq were found to be note or leas identical 

to each other except tho ageing in vitro, JIhe isolated Ag and Ay 

again were found to differ in their physical properties, fhuo it



mn be said that all tho isolates, obtained from thj fields 

ivoro distinct and different from each other and one isolate 

in no way appeared to bo. ‘coaplotoly identical to any other 

isolate, But according to thoir eiallarltleo and dissimilarities, 

parti ©alary with respect to their oorological properties, traac- 

oissiMllty and to aona- extent tho host range, tho isolates raay 

ba arranged in six groups maely and iig| A~f A^ and Agi 

A5 and ; Ag and Ag (Sablo 15, 12 and 11)*

when tho properties of the isolates were compared 

with the properties of the known cucurbit virus,isolate-. was

found to resemble Bottlegourd mosaic virus of Vaaudova ami lal 

(1943). Isolate A(- was found to be very close to tbs Cucurbit 

latent virus of 'Cobb (1963). Isolate A^ also appeared to aharc 

many eoaaoa proper ties with this virus* Isolate A^ was fouai to 

be close to loin yellowing virus of l&rpaz and Cohen (1965).

Isolate Atj was found to be close to tho Cucurbit noaaic virus 

of %rtharaoubrananiaa and Sudani (1964) and- isolate Ay was 

found to be very close to tho watermelon mosaic virus 1 of I'obb 

and Scptt (1965). Considering tho similar!tlos and dissimilarities* 

tho toolsto A9 was found to be. a diotiatly related mxt strain of 

Bottlogoard mosaic virus of fasudeva and Sal (1943). She isolates ,

Ap and Ag however, did not resemble any known Cucurbit virus, thus 

these two isolates may be conoidored as now viruses*



Isolate Aj ro ©ambled Bottlegourd mosaic vims 

(Vhsudeva and tel, 1943) in mny respects. Both of thorn has 

the saia© mage of 5?IP and agoing in vitro* Both of them could 

infect 0» eatiroa var. local white and G* sativus var, Long green,

£. pepo ©v* ifesrly Erollfic Straightnock, L, vulgaris and R.chasantia. 

Both of them am sap tranDaioaible -and could not infect chilli 

os? tote eco. She dilution end point of the as t m viruao o , however, 

ham teen found to differ hut this my he ■due to the fact that 

tho cap utilised fox* the test were collected item different hosts 

and under different environmental conditions. Although raueti work 

has been done in India,, on two otter bottlegourd mosaic viruses 

reported by Gapoor and Varna (1948) and ?asudeva at al* (1949), 

no further informations, however, am at®liable on the bottlegourd 

mosaic virus reported hy fa sodom sad Lai (1943). As such 

comparison could not ha mdo on the insect traaooiecibili ty and 

particle also of these two viruses. But considering their 

similarities, the isolate a.^ may ho regarded as a strain of 

tho Bottlegourd mosaic virus of fosudeva and Lai (1943). It has 

boon mentioned before that the isolate 4g was close to the isolate 

Aj with respect to serological properties and tranaslssibility*

Both of them were found to ha only sap transmissible. Both of 

them ware able to infect'1* vulgaris. 9. aiiguim. L, cylindrical 

C, vulgar!3 var, flatuloaua. c* laratuo. G. pgpo cv. Jarly ftrolifie 

Straightneck ami C, satlvus ov» Lons green and Local white. In 

caiao of Ag L* ovlindrica was found to be synptomiess carrier*'

Both of them were unable to infect o* oclo ( Cantaloupe Cslection 

B 63-3), 8. oampoatrie var, Carson, S. oleraeaa and B* vulgaris.-
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In addition to the00 oucurbitaeoous hosts* isolate An wa© alsoc.

ablo to infect S, nelonnoaa var, iMvtakeshi, and ?, hybrida 

plants which Isolate was not ablo to Infect* Beoidoo those 

similarities, isolate A-0 nas also found to differ from A- in 

its ability to induce orations in the inoculated loaves of

0, aoschata under favourable condition* Both of thsa have .got

their thermal Inactivation point close to each other but thoir 

dilution end point and ageing in . vitro wore found to differ 
greatly* 5?he dilution end point of A*; ms found to'be/lQ^

-5*5 fhc agoingwhereas of isolate Ag was found to bo 1CT'5 * 10' 

in vitro of isolate mo found to bo 0 hours whereas that of 

isolate Ag met found to bo 48 hours, ' fho length of the particle 

of isolate A| was found to bo 712,5 cyu and that of the particle 

of isolate Ag was found to be 587*5 syu* 2hus considering the 

similarities and diselallorltios of this Isolate with the isolate 

Aj, the isolate Ag my bo considered as a strain of the Bottlegourd 

nocalc virus, but vary distantly related to it.

Isolate A~ was found to infect most of the plants 

reported to bo susceptible to Bottlegourd, aooaic virus except 

0* sativus var, Local V/hits ami long Green, It also did not 

infect 0, atmumn var, Guryaoukhi or Licotiana spp, 2ho thoroal 

inactivation point and dilution end point of this isolate were 

also found to bo very close to that of min yellowing virus 

( far pas and Cohen, 1965), but th.- agoing in vitro of both tbs 

viruses were found to differ, . Complete similarity of transmission

of both, these viruses

no information on the

by B, tabaei has also boon existed. Ginca 

.[article oise of the vein yellowing virus.
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tills psoparty could not bo compared, I>rom this coaspamtive 

study it say bo said that tho isolate A* has sos© similarities3

with the vein yellowing virus ( fiarpaa and Cohan* 1965) and it 

say ha distantly related to it* :

flue properties of the isolate Ag reoosblad the 

propertloo of tho cucurbit la tout Virus ( $&hhf 1963) in may 

respects. She thermal inactivation point and tip dilution end 

point of both of thorn mro oore or less similar, £ho ageing 

in vitro of the ioola to Agt hoeover, was found to bo slightly 

©oxo than that of other virus but this variation aay bo duo to 

the variation of tip esgerlnontal conditions, She toolsta Ag 

produced similar symptoms in £, aatlvus var# local white,

0. eativus var. Long Green* C, popo cv, 3arly Prolific Straightaeck 

and 0. molo ( Cantaloups Oeloctioa 3 03*3) but it did not produce 

any symptom in 0, acarantlcolour. According to mine at al*

(1969) hof/Qvor* oono Isolates of tho Cucurbit latent Virus did 

not infect 6. agoraaticclour. As regards to tho tmasoiocibllity, 

both tho viruses are oap traaoQlooiblQ and oloo transmissible by 

n, pegsleas. Since no informations arc available on the particle 

sis© of the Cucurbit Latent Virus, tho obooryod length -of tip 

particle of Ag could not be compared with that of tho latent 

virus. But considering tho similarity of these two viruses with 

rospoct to physical pronortico, hoot sauce and. truncates ibility, 

the isolato Ag pay be regarded oo a strain of Cucurbit latent 

Virus. She isolate A. has boon found to be very close to the
T

Isolate Ag, It is similar to Ag in all respects except ago lug 

in vitro and its reaction to L, vulgaris. n.; charantlo and



h* aontangula, flio agoing in vitro of A^ ms 12 hours whereas 

that of Ag aas G4 hoars, |», vulgaris appeared to ho oyraptoaleso 

carrier of A^ hut Ag produced diotlact oynetoras in this plant,.

A^ produced oyaptons in II, charaatia hut Ag did not infect 

tills plant. In L, acutmTdla synptoao v.’era produced by Ag and 

not by A^. as regards to thoii* particle also, slight differences 

In length ms obaorvod, i’ho length of the particle of A^ ms 

525,0 nyu and that of tao particle of Ag ms 675*0 nyu. Bhus 

the isolate Ad my bo considered a different strain of cucurbit 

latent virus.

lao isolate A^ rao found to possess saay properties 

sioilor to the Cucurbit. nooaio virus ( EariliaroeubruiaaaiQa am 

3adaoit 1964), Both of thoo .had the oano tbonaal imctlvation 

point and more or loos similar host range, Both of then produced 

synptoaa la the common eucurbitacoous plants and on 0,' pepo cv. 

Jarly B?olific Straightaecfc thoy produced almost identical symptoms. 

Both of then were cap and aphid transmissible, A« too b-ea found 

to bo transmitted by n, paroleae and the cucurbit aosaic virus ms 

found to bo transmitted by A, la .burnt 1 and no report is available 

on the traasaioalbility of cucurbit oosale virus by n, persicae.

She two viruses* however* differed in thoir dilution end point* 

ageing in vitro and their reaction to fe,vulgaris, 2feo difference® 

in dilution oM point and agoing in vitro my be clue to the 

variation in the u^ncrisaatal conditions, particularly in the 

dlffeffoheo© in the source plants of the virua, la case of cucurbit 

mosaic virus, 0* ;kdo vjqs used whereas in ease of A~ £. noachata



was used* Regarding iiio reaction of those two viruses t© 

li* vulfiarls # tills plant me found to ha synptoalogfl carrier 

for /'i0 whereas cucurbit mosaic virus produced do finite eyaptoa© 
in it.. As regards to the particle also, it could not be compared

as no inform tioa is available on the length q£ the particle of
cucurbit mosaic virus* Stas from these wide similarities' the
Isolate my bo regarded as identical to or a strain of 

Cucurbit nocaic virus,*

3?ho laolato Ay rosenblod the waters?© Ion mosaic vims 1 

(ifcbb and Scott# 1965) in cans' raspacto# 2ho dilution end point 
and ageing la., vitro of both the viruses wars acre or loos the 

w, She thsrahl inactivation point of them ms vary close to 
each other# 9ho host range of both of then ms restricted to 

Ouourbitaceae and both of them wore sax? and aphid truncal soiblo* 

Both of then produced identical syiaptoos la £, peps cv* fairly 

Prolific Straightneck f c*laaatus ( Charleston Qmf v&tersxritoa) 
end L# acutanaula. But Isolate Ay did not infoot 0* raela 

(Chntaloupe Selection 3 63-*3), nilm at al# (1969)# however* 

pointed out the unsuitability of this plant for tasting mttraoloo 

mosaic virus i (tfiTM)* 5*ho shape of the particles of both the 
viruses was flexuouo rod but they to a am© carte nt differed la 

length. ‘fhs length of thu particle of HTSM is 746*0 cyu whereas 
that of the l sola to Ay is 825*0 cyii* *4ma the isolate Ay may-be 
ragerded to be a virus very close to w-AM or in othorwords it 

say bo considerud as a strain of TZjV-f*

fliQ resaialac two isolate-® namely A^ sad A^ did not 

rjgcnbls any known Cucurbit virus* As ragarde Art# It was somewhat
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found to be a little "bit close to in host range* Both of 

thorn produced infection in L, vulraria, h, charantia. g.aneaaina,

G, vulgaris var, iigfraloauo, C, lanatua t ^«nepo ov, darly 

Brollfic Straightnoch and 0. sativuo var, Local white and long 

Croon, 2hc host range of than usso restricted only to the plants 

belonging to tho fetidly Ouourbitaeoao But tbs physical properties 

excepting dilution end point largely differed. 2ho thermal 

Inactivation point of Aq’wqs found to be 45-*50°C whereas that of

A. raao found to be 50-55°C, £ho agoing vitro of ilf-, was found
ii ..-.irr . O'

to bo 12 hours whereas that5 of A^'vjaa found to bo 6 hours, itb 

for tho particle length,. wide differences wore observed,' She 

particle length of the Isolate An was found to ho OT4,9 ayu andi\n was found tod .
5 cyu* Besides

characteristic dlf foresee o between those two isolates w©r©;t however, 

found in inocot trasicmloeibility end production of symptoms in 

aGGchata,' AQ was aphid transmissible whereas A^ was only sap

transmissible Ao troducod osatioao" in' C, -aoschata underu
favourable conditions but A| did not produce aay ©nation in 

£♦ saoachata under any condition • She isolate Aq could not be 

compared with aay othor|lso3ateo because of its wide differential 

reactions oa cuourbitaceous hoots, insect traosmisslbility f’ 

dilution end point are! nartlclo characteristics, 6ot this 

isolate my bo awarded'as a now virus and may bo designated 

as p ttnptta onation mosaic virus.

9ho isolate also did not resonblo any known

cucurbit virus. Iho isolate A,, was found to bo both aap andu
A, gosoypil feransoioaiblo, ilia Isolate mo also found to
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vary widely from all other isolates* flight similarity of this 

isolate in host reaction mo found to bo observed with cucurbit 
mosaic' virus ( IlarltoraoubmmaalQn and Badaai, 1954) but the 

physical properties of isolate ilQ and cucurbit mosaic virus wore 

found, to differ greatly# rme dilution ond point, thoraal 
inactivation noiaS mid agoing la vitro of iL-. wore found to b@

— ^ <neri^4;ni«Wi,nwniiffMi m ii’nnr V.:

IQ-1« j> — 40-4B°Q and 40 hours respectively whereas that of

cucurbit mosaic virus core 1*5000, 55°0 am 72 hoars respectively, 

So, tho leolato Ari couM not bo comm.», mm *ow*a w wu4M jjww ww m»u CUOUTbxt 30®10

virus# 2ho host range of tints isolate was-found to be restricted 

to only tho Bombers of family Cucm-Mteceae# it was found to 

infect and produce symptoms oa %• volrgris, ebaraatia.
■ *P aagBim# L, ovllndrica. 0, nepo ov, Sarly Prolific Otraishtaack

and £, aativuo cv. local white and £. sotivus cv# long green,

£, aoutanmila was found to be oympto-ilees carrier of this virus.

B# ’ oerifora. 0, Valeria vnr# fiotulosus, C, lamtue and Pomelo 

( Cantaloupe ■ Selection 13 G5-9) wore not found, to ba Infected by 

this isolate, iho characteristic differences of tMo isolate 

with all other ioolatos ora the production of symptoms on 

£» mooobata# tho particle charseta.ilsties, inoact t .anoslsolblllty, 
dilution end point and tlio nature of reactions on different host 

species. 2ho length of the particle of A^ was found to be 

7G5.0 ryu, So, this isolate may bo regarded as a now virus and 

nay bo designated qo itopkiii mild mosaic virus.

From the stud loo it is a ^caveat that type II symptoms 

of £. aoecliata Poir plants, pradcotmtod in the fields, is a 
complex of cifiht different viruses# Ihoss eight viruses were
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found to differ fifos on© another only in thbtr specialised 
properties, £ho viruses involved in this- eaaplox were found 
to b© as Steins of Bottlegourd mosaic virus ( Isolate 4^ and 
A2 )t vein yellowing virus (isolate A^), Strains of Cucurbit 
.latent virus ( isolate aa aM Ar), Cucurbit virus C isolate 4i»), 
i'&teroslon mosaic vlrus-1' C isolate A^) ami two ns® viruses as 
iisapRin ©nation mosaic virus (isolate a0) and l&fapkia olid mosaic 
virus ( isolate) Ag)*

Considering •
obtained from the piiQi

tho fact that the different isolates
pklas produced different qpsptoas in the

leaves of Gmmfhlta mooebata plants on inoculation, attempts 
have boon made to study the alterations of some important 
biochemical components ouch as (a) chlorophyll (a,b and total) 
(b) buffer soluble pro tola (c) Sotal (204 preolpltablo ) cap 
protein (d) reducing sugar and starch and (o) rlbomoloie acid
consent in the leaves of the inoculated plants at different 
stages of pathogonsolo maoly stags I (IQ days after inoculation) , 
stag© II (40 -days after inoculation) and stage III (70 days 
after inoculation).

la earn of chlorophyll a content, it was observed that 
all the Isolates after being incoulated to healthy puapfcin plants, 
significantly reduced this component* whoa the first stags of 
pathogenesis was considered, it was observed that caadLaaa reduction 
of chlorophyll a content tod place with isolateo and A^# 
where the porcoatageo of reduction more found to be ?5#0 and S3* 3* 
uinJmus reduction of ehlorophyll a content was observed with the
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isolate Aq where the percentage oS reduction tmb found to be 

16,6. I& ease of the other Isolates ua^ly A^, Ag, Ag, Ag, A^ 

arid 4g# the respective percentages of reduction tiers found to 

be 37,5, 00,0, 29.1, 4.1*6, 50,0 and' 37*4#

uhon thj eoeoad stage of pathooenoois mas considered.
It mao observed that-tbs chlorophyll a contents of healthy loam.;® 

were found to increase* 2he percentage of increase In this 

case mas. found to bo 45,8, Increase la chlorophyll a content 

me also observed at this stage with the isolates A1# 

and 4^, ftio percentages of increase of the chlorophyll a content 

with respect to tho.su isolates were 66,6, 53*3, S50,.0, 155*7

and 125,0 respectively* Sat the chlorophyll a contents of the

leaves with respect to isolates Aog ar and Ap were found to 

further decrease at this stage of pathogenesis from that observed 

at the first stage, Xb© respective percentages of decrease were 

58.3, 5,8- and 35.0, Oith the ioolate A^, however the chlorophyll 

a content ressaiaed sore or loss sass at 'both the stage©*

Oho a tho third stage of pathogenssio was conoidered, 

it was observed that the chlorophyll a content of healthy loaves 

was found to decrease* She percentage of ■decrease mo found t© 

be 31,4, At this-stago of ‘patlaogjsoaio reduction of chlorophyll 

a content ms found with all the Isolates except Ag and A^*

She percentages of reduction with respect to the second stag© 

for tho isolatoo A^, A^, Ag, Ajf AQ and A^ were 76.0, 73,3,

84,8, -81,4,
A^», the

increase.

61,5 and 60,0 respectively,- i"ith the Isolates Ag 

chlorophyll a contents, however, were found to 

Bio percentages of increase at this stage with rosioet
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to the second otago vmm 80,0 aM 112,5 respectively, fith 

tho isolate on the other hand, tho chlorophyll' a content 

did not alter froa that found at tho second stag©*

2huo it is apparent that the* tools too altered the 

chlorophyll a content in the inoculated loaves, but the pattern 

of alteration differed with thJ loolutos, within 10 days 

after inoculation, the ’chlorophyll a content was found to 

decrease with all th-* icolatos but with the advance of infection, 

however, the level of alterations differed* After 40 days of

inoculation, tho 'chlorophyll a content was found to increase 

to a largo extent froa that found after 10 days of inoculation

with , A^ and A^, high increase was found with A^, moderate 

increase was found with A*.. On the other hand, high decrease 

was found, with a9, nodosa to decrease wa® found with a , very
kj

slight decrease was' found with and no change was found with 

Ag,‘ i/ith tho further advance of infection, or in othermrds,

70 clays after inoculation, the 

to decrease to a largo extent

chlorophyll a content was found 

ron that found after 40 days

of inoculation in A* , A*, 

to increase in largo ozto 

with A0f whoroao with ,A« 

or less tho sane.

Ant iW, a*-, and Aa, in hr, It was found 

at but notlerat® increase ms found 

the chlorophyll a content remained raoro

In ease of chlorophyll Jfc content also it as observed
\

that all tho ioolateo, after "bein'; inoculated to healthy pumpkin 

plants, significantly reduced this component, \7hcn tho- first 

stage of pathogonoslu mo considered, it was observed that as
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in ease of chlorophyll a, laaxtmao reduction of chlorophyll h 

content was observed with isolates and A^, whore the 

percentages of reduction ware found to bo 76,3 Qhd 67,1, Kiniaum

reduction of chlorophyll b contest was observed with the isolate 

Ag» whore the percentage of reduction mo found to bo 7,6, la 

ease of the other isolated rsaaely A^, Ag§ 4^, Ag, and A^, 

the respective percentages of reduction wore found to be 39*4, 

44.7, 27,6, 34.2, 40.7 ana 2Q.9,

When the second stag© of pathogcmeoio was considered, 

it me observed that in constrast to chlorophyll a , the 

chlorophyll b content of healthy loaves were found to decrease, 

%e percentage of decrease in this case was found to be 5,2,

But this component was found to increase At this stage with the 

isolates A<j, A^, Ag and A^, fho percentages of increase of 

the chlorophyll b content with respect to those isolates were 

21,7, 288,8, 24,0 and 35.5 respectively• But the chlorophyll b 

contents of the loaves with respect to isolates Ag, A~, A^, A@ 

and Afj ware found to decrease at this stag© of pathogenesis from 

that found at the first stage, She respective percentages of 

decrease wore 66,6, 12,0, 12,7, 52,8 and 30,8,

tThan the third stage of pathogenesis ms considered,

it was observed that the chlorophyll b content Of healthy leaves

me found to doorcase further, She percentage of decrease ms

found to be 43.0, At this stage of pathos seals reduction of

chlorophyll b content tae found with all the isolates except A,,

and A®, $hs percentages of reduction with respect to tfeu second ✓
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stage for the isolates A^, A^s A^t A^> AQ aM A^ were 

80,3, 67.1, 47,9, 85,4, 77,0, 75,7 and 43.4 respectively.

uith the r sola 4/03 Wq and A^, ^ho chlorophyll 13 contents, however, 

were found to increase, 2tso percentages of increase at this 

otago with respect to the second stage wore 57,1 and G6.3

respectively.

fhuo, it is apparent that the isolates altered,the 

chlorophyll b content in the inoculated leaves, but tho pattern 

of alteration differed with the isolates* fithin 10 days 

after Inoculation, the chlorophyll |> content ms found to 

'decrease with all the isolates but with the advance of infection, 

however, the level of alterations differed with tfcw Isolates, 

After 40 days of inoculation* the chlorophyll b content was 

found to increase to a largo osteat frora that found after 10 

days of inoculation with A* and moderate increase was observed 

with A^f Ag and. A^» to the other hand, high, decrease was found 

with Ag, moderate decrease ms found with AQ and A^ and very 

slight do crease mo found with A- ami Ar, dith the further 

advance of infection, or in otharnords 70 days after inoculation, 

the .chlorophyll || content wao found to doorcase to a large 

extent from that found after 40 days of inoculation la A^t A^, ■ 

Ac, kt_, A«, Ar, and A0, But with Av It ms found to increase 

la largo extent end with Ag the chlorophyll £ content was found 

to be moderately iaereaoed,

la case of total chlorophyll content also, it was 

observed that all the* isolates, after being Inoculated to healthy 

pumphin. plants, significantly reduced this component, '-hen the
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first stage of pathogenesis raa considered maximum reduction 

of total -chlorophyll oontont iraa observed with isolates 4^ 
and A*, whore the percentages of reduction wore found to be 

68*0 a nil 77*0* Minimus- reduction of total chlorophyll costa at 
was observed with isolate Aq where the percentage of reduction 

was found to ‘bo S.O, la caso of tlio other isolates namely 

Aov Ar, 4, anJ Ac, the respective percentages of redaction 
naro found to bo 39.0, 46*0, 27,0, 36*0, 43.0 and 31,0.

4feon the second stage of pathogenesis was considered, 

the total chlorophyll content of healthy loaves were found to 

increase, fhs percentage of increase in this case was found to 
bo 7,0, • Increase of total chlorophyll content iss also observed

at this stage with tbJ Isolates A^, A^, Ag and Ay, at4. in percentages

of Increase of total chlorophyll content with, roepcct to
these isolates ware 34,4, 334.7, 48,4 and 54.3 respectively, 3ut 

the total chlorophyll contents of too loavce*with respect to

ieola it'-)a *■*•£> t , Aand were *cusiu uo partner doorcase

at this QtxtP of pathog-^ieolo from that found at the first 
stage, fhc reopoctive poreontagoe of decrease were 64,8, 3,1, 

12, £>, 4a. 3 aal j?o,4.

when the third stage of pathogenesis ms considered, 
it was observed that the total chlorophyll content of healthy

leaves was found to decrease, fhe percentage of decrease was 
found to bo 38,3, At this stags of pathogenesis, reduction of

total chlorophyll content was found with all isolates 

and Aj, 2ho percentages oM redaction with respect to

except Ag
second
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stafje for tho isolates A^, i\^9 Ag,Ag, A7» Ao afid ®Q2>e 

79*2, 68,0, 35*9* 85*2, 70*4* 72*3 ami 52,0 saapootlvoly, V/lth 

the isolates A0 anil iUtlio total chlorophyll eontoats, however, 

were found to Ineroaae, 2ho peimiitagoa of increase at this 

stags with, respect to second stage wore 63,1 ana 33,8 respectively.

2hua It is apparent that-the isolates altered the 

total chlorophyll content In the inoculated leaves* hut the 

pattern of alteration differed with the isolates,- within 10 

days after inoculation, the total chlorophyll content ms found 

to decrease with all the isolates hut with the advance of 

infection, however, the level of alterations differed with tho 

isolates. After 40 -days of inoculation, the total chlorophyll 

content was found to increase to a large extent from that found

after 10 days of inoculation with A,, high increase woo found
V

.with Ag and Aj and nedorato increase wsao found with A^, CM 

tho other hand, high decree go was found with moderate

decrease mo found with A^, A^ and A^ and very slight decrease 

was found with A.,, Jltli tho further advance of infection, or 

in othorwordc ?0 days after inoculation* tho total chlorophyll 

content ms found to decrease to a largo extent from that found

after 40 days of inoculation with , A^f Af-, Ag, A^, AQ and A^,

But with A'z It was found to increase la large extent and with ✓
Ag the total chlorophyll content was found to ho moderately 

increased•
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In case of buffer soluble protein content;, it was

observed that all the isolates, after being inoculated to

healthy puarMn. plants, significantly altered this eoaponeat*

Warn, the first stage of pathogenesis v?ao ©onaidored, it ms

observed that mas&am increases of buffer soluble protein content

mo observed with isolate and Ay whore the percentages of

increase' were found to bo 110*0 aril 125.5 respectively, Oinlmua

increase of buffer soluble protoln coat out was found with the

isolate An whero the increase as found to be £.0* la case of <>
other isolates maoly Ay Aj and A^’tho respective poresntagoa 

of increases wore found to bo 20.0, 50.0, 76.6 aad 96,6. Isolates 

A2 and A,. were found to reduce this component and the percentages 

.of reduction in those cases ware found to be 15,3 and 2.0 

raopoctivoly*

'Than the second stage of pathogenesis was considered, It 

was observed that the buffer soluble protein content of healthy 

loaves oezo found to increase. ■ !£h© porcGntago of increase in this 

case mo found to bo 246,6, Increase ms also observed at this 

stage with tho isolates A^A0, Ay , Ay Ay hj* Aq and Ay 

fho percentages of increase of tho buffer soluble protein content 

with roopset to those isolates wore 20,70, 165,1, 5.3, 02,0,

284,0, 44,0, 21.5, 116.7 and 37.5 roopeotivoly*

b'hoa the third stage of pathogenesis was considered,

It xiae observed that tho buffer soluble pro tola content of 

healthy loaves was found to decrease-, 2ho percentage of decrease 

ms found to bo 72,4, At this stage of pathooaaooio, farther ,
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increase of buffer soluble protein content was found with 

the isolates Ag, A„, A^t Ag, Ag ana She percentage of 

increase with respect to so coal stage for those isolates 

were found to be 59.0, 73.7, 15,6, 18.7, 5Q.0 and 73,5 
respectively. ;7ftfa tho isolates A^, 'and A^t the buffer 

soluble protein contents, however, v.*ero found to bo reduced.. 
2hj ■ cercontagoc of reduction in those case at this stag© with 

respect to second stage woro found to bo 74,2, 45,9 and 17,7 

respective3y,

Shoo it io apparent that the isolates altered the 

buffer soluble protein content in the inoculated leaves but 

the pattern of alteration differed with the isolate0, within 

10 days after inoculation, the buffer soluble protein content 

was found to bo increased with all the isolates except Ag and 

Ag. ;/ith the advance of infection, however, the level of 
alterations differed -with the isolates. After 40 days of 

inoculation, the buffer soluble protein content two found to 

increase to,a large extent fees that found after 10 days of 

inoculation with Atj and A1# high increase was found with Ag 

and Ag, moderate increase was observed with A,, Ag, and Ag 

and very alight increase was observed with Ay with the farther 

advance of infection, or in othornords ?0 days after inoculation, 

the buffer soluble protein content was found to be increased to 

a large extent from that found after 40 days of inoculation 

with A^ end Af., moderate increase was observed with A? and Ag. 

and slight Inoroaoo v/aa observed with A- and .Ag. But with A^
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it m& found to reduce it la largo extent. with. it ms 

aederately reduced axil with only slight refection of it 

ms observed.

In caoo ox total (2 CIA prool pi table) aap protein 

content, it «ao observed that all the ioolatos, after being 

inoculated to healthy puaphla pleats, significantly altered 

tills component, Whoa the first stage of pathogenesis me 

considered, It ms observed that msisaum increase of total 

(2GA precipi table) oap protein ms observed with Agt where 

the per coat age of iacrcaao whs found to be 103,7, Ilisissuss 

increase of total (20A prod pi table) sap protein ms found 

tilth the isolates A^, and A^ where the psreoatagoo of 

increase were found -to bo 22,5, 26,5 and 27,5 respectively* 

In caoo of other isolates miaoly Ag, A^,. A^, and A^, the 

respective percentages of increase were found to be 57. Q, 

71*5, 51>,07 , 83,9 a mi 4S.9 roopsctlvely*

Vhsn the second stags of pathoGoaeolo was considered, 

it oas observed that the total (5GA precipltable ) sap protein 

contents of healthy leaves were found to increase, tbs percentage 

of increase in, this ease ms found to bo 105,3, Increase ms

also observed Qt this stage with the isolates A^, 4^, A*-,

and A^, 2h8 percentages of increase of the total (2GA proclpitabl

sap protein content with respect to' these isola too wira 27,7, 

6,0, 85,6, 11 *3 and 55.1 respectively. Sat the total (2GA 

•prccipitaKLe) sap protein content of the loaves with respect
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to ioolatas Ag* Aj, Ag and A@ were found' to decrease further 

at tills stage of pathogens aio from that found at the- first 

stage, Mid respective pereontagso of decrease mm 20.5# 39,4, 

45*3 and 25,9*

the third stage of jathogenesiu was considered# 

it was observed that the total (SCA preeipltable) sap protein 
contents of healthy loaves were found to do crease, She parse stag© 
of dooreae© was found to bo 91,1, At this stag© of xBthogj.nosis# 

reduction of total (2QA procipliable] sap protein content ms
found with all isolates* 2bs percentages of redaction at this 
stag© respect to second.stage for fee isolates A^#Ag# A^

A^# A^, Aq9 Ajt Aq and A^ were found to be 85*0# 81,4# 53*2# 

©4,9# 91,2# 86,3# 52,6# 58,2 and 61,6 respectively.

liras It la apparent that the isolates altered the 

total (2CA precipitable) sap protein content in the Inoculated 

loaves but the pattern of alteration differed with the isolate®:, 

'within 10 days after Inoculation# the total (2CA preci pi table)

cap protein content was found to Increase with all the isolates 

but with the advance of Infection# however# the level of altera­
tions differed with the isolates. After 40 days of inoculation# 

the total (20A praci pi table) sap protein content was found to 
increase to a large ©stent from that found after 10 days of
inoculation with Ag, moderate increase ms observed with A<|# A*? 

and 4^ and very .slight ineroao© me observed with A^* On the 

otherhaad, high decrease waa found with Ag and moderate decrease. 

ms found with A^ and AQ» ;7ith the further advene© of infection#
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or la otherwords 70 days after Inoculation, the total (2€A 

proci.pl table) sap protein content was found to doorcase to 

a largo extent from tinst found after 40 dayo inoculation with

Ar and Ag and moderately with A^, Aj and A^«A-j, Agr A ^ f A^ t o,q

In oqg0 of reducing sugarsit mo observed that all 

the isolates* of tor being inoculated to healthy puapAia plants, 

significantly reduced this component, Uith the first stage of 

pathoQoiuaio was considered, it was observed that oaxiaaa 

reduction of reducing sugar content was observed vri th A* * Ar 

and A0, whore the percentage a of reduction were found to be 

84,6, 07*6 ami 90,7*. l!inisua reduction of reducing sugar 

content was, observed with aa# where the percentage of reduction 

was found to be 15.5* In case of other isolates namely Ag, A^, 

Ag and Ay tto respective paxcontagGS of reduction were found 

to bo 36,4* 27,0* 73*4 and 53,4*

Ahon the second stage of pathogenesis ma considered, 

it ms observed that the reducing sugar contents of healthy 

loaves worn found be decrease* flio percentage of decrease in 

this case waa found, to bo 53,8, Decrease was also observed at 

this stage with the isolate An, 2ho percentage of decrease of 

the reducing ougar content in this case wao found to be 20,2,

But the reducing ougar contents of the leaves with respect to 

isolate A^, Ag, Aj, A^, Ag, a^, A^ and aq were found to increase 

from that observed at the first stage, She respective percentages 

of reduction of reducing sugar content la those cases were found 

to be 190,0 , 17, 5, 14,0, 3,0, 700,0, 185.7, 32,5 and 916,6

respectively.
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'iTben tho third stage of yathogoaeois was considered.

It was observed that tho reducing ougar content of healthy 

leaves eras found to inoreaoo afpia* 2ho txircontogo of increase 

ms found to be 165,3* At this otago of pathogeiisaio, increase 

of reducing sugar content was observed with, all isolates e-xoopt 

Ag, SId percentages of reduction with respect to the second 

stage for the isolates A1# a^, , A^., A^, and Ag war© found

to be 96*5* 29,6, 7*3, 17,1, 95,0, 2,7 and 3G.1 respectively* 

tfith tbs isolate A,3 tho reducing sugar content, however, was
c*

found to do crease tho percentage of decrease at this stage 

with respect to second stage for this isolate m& found to be 

C,5, 171th the isolate AQ on tho otberhand, the reducing sugar

content did not alter from that found at the second stag©#

fhuo it is apparent that tho isolates altered tho 

reducing sugar content la the inoculated loaves but tho pattern 

of alternation differed with tho isolates, ftithia 10 days 

after inoculation, the. reducing sugar content was found to 

decrease with all the ioolatoo except but with tile advance 

of infection* however, the level of alterations differed with 

the Isolates, After 40 days of inoculation, the reducing sugar 

content was found to lacrosse to a largo extent from that found 

after 10 days of inoculation with and Aq, high Increase was 

found with and Ag, moderate increase was found with Ag, A^ 

and Aj and very slight lucre... oo was observed with A^, Cm the 

otherhand, moderate decrease was found with Ag, dltls. tho further 

advance of infection or in othorv/ords 70 days after inoculation, 

the reducing sugar content was found to increase to a largo extent
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from that found after 40 toys of inoculation in A^ and Ag

and moderate increase ma tfbeorved with A~. A, , A~ and A«p 4 a u
and veiy slight increase ms observed with iLp Bat with Ag 

slight decrease of reducing sugar content at this stage was

found • 
sugar

i/ith the Isolate Ag on the other hand, 
content reminod ooro or less the same.

reducing

In case of otorch, it ma observed that all the isolates* 

after being inoculated to healthy puopliin plants, significantly 

altered this component,, iThoa the first stage of pathosoaoolo 
was considered, it was observed that os.zisua reduction of. 

starch content was observed with isolate a*., whore the percentage 
of reduction ms found to be 80,0, Mnismm reduction of starch

content was observed with Ag, where the percentage of reduction 

was found to be 6,5. In ease of other isolates namely Ag, AQ 
anil Ag the percentages of reduction were found to bo 47,8,

27.8 and 40,0 roapotively, But tho Isolates A*, A^$ and Aj 
were found to increase it, Uastma Increase m& observed with

A^, where the percentage of increase was found to be 83, Q. 

PlnlEua increase was found with A^, where the percentage of 

increase was found'to bo 2,6, la case of other isolates moely 

Aj ami Ajt tho respective pereoatagos of increase mm found to 
b© 18,2 and 47,8,

when the second stage of pathogeaesio as considered, 

it was observed that the starch content of healthy leave© wa© 
found to decrease, 2te percentage of decrease is this case ms 

found to b© ©9,5* ffccroaeo of starch content was aloe observed 
with all isolates, ' She respective percentages of decrease for
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.the isolates k^, Ag, A„, , Ar, Ag,

33*9, 53.4, 40,6, 576,0, 7®.2, 35.8, 

rooyxiotl'vely.

A™, Art and An ia7& 
.IS y

20.8, 63.8 and 57.9'

when tho third otago of percentages was considered,

It ms 0‘noervod that tho a torch content of healthy loaves was 

found to increase again, ?ihe» percentage of increase mo found to 

ho 1353.3. At this stage of pathogpaeslo, farther reduction of 

at-arch content’ mo found with all the isolates oxceut A* and a^*" U o ■

9to pQrcentQges of reduction with rospoct to second stage for 

the isolatea , A~, A^, Ag, Ay and Ag wore 85.0, 20.5, 00,2,

80.0, 56.1 a ad, 3.4 respectively... v7ith ths iaolatoo Ag and Ag, 

tho starch contents, however, ware found to increase, fho 

percentages of increase at this stags with respect to second stage 

for these isolates were 633,7 and 393.3 respectively, 171th the 

l sola do :..A0 on the othorband, tho starch content did not alter 

from that found at tho second stage.

ThiiG it io apparent that tho isolates altered tho starch 

content In the inoculated loaves, bat the pattern of alteration 

differed with tho isolated, Within 10 days after inoculation 

the starch content was found to doorcase with isolates Aot ak# 

Ag, Aq and AC; and with respect to isolates Aj, A^,A^ and ky the 

starch content was found to ho increased, But with the advance

of infootlon, however, tho lovol of alterations differed with 

tho isolate s. After 40 days inoculation, the starch content was 

found to decrease to a largo extent from that found after 10 days 

of inoculation with A„, high decrease was found with Ar and An ,‘■f */ ^
noderete decrease mo found ky and A9* r/ith
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the further advance of Infection, or in othorwords 70 days after 

inoculation, the starch content waa found, to doereaoo to a large 

extent frora that found after 40 dtoyo of inoculation. with A^, high 

decrease ms'found with A- and Aq, moderate doeroaso- was observed 

with Aq and Ay awl very alight decrease vas observed with Ag,

Eat with Ag it was found to inoroaso in largo extent and high 

increase ms also obaorvod with A,, but with An the starch content
O c.

reuaained sore or loos the gulio ,

In case of riboimololq acid (iZul) it me observed that 

all the isolates, after being inoculated to healthy puspsin 

plants,, significantly reduced ttilo component, \3ton the first 

stage of pathogenesis mo considered, it ms observed that, 

oaxiaura reduction of dilA content mo observed with Isolates AQ$ 

whore the percentage of reduction was found to be 84.2. Olniaiam 

reduction of ftllA content mo observed with , whore' the percentage 

of reduction mo found to be 12,2. In case of other Isolates 

BQQOly Agt Aj, A^t A,jt Ay and Ag, the respective percentages 

of reduction were 52.2, 56,1, 71,8, 20,0, 70,9 and 69,4*

Uhsa the second stage of pathogensoio was considered, 

it was observed tint the UUA contents of healthy loaves were found 

to decrease, fin percentage of decrease in this case ms found 

to In 403.5. AooroasG ms also observed at till a stage with the 

isolates A^ and Ag. She percentages of decrease of the HUA 

content with roapoct to these isolates wore 21,3 aM 55*2, But 

VQA contents of the. loaves with respect to isolates Ag,, A^,

A^f Ag, ky9 Aq and ACj were found to further increase at this 

stage of pathogenesis froo that found at the first stags, She
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respective percentages of decrease were 2,9, 108,0, 11G.0, 

41,2'. 235,3, 262,2 a ad 28,7,

When the third atago of pathocuisesie ®s considered, it 

was observed that the -1TA content of healthy loaves was found to 

decrease further, ?he percentage of dooredso ms found to be 

74,7, At this stage of pathogenesis, .reduction of fan content 
was found with all isolates except A~. 2hc percentages of 

reduction with roowoot to second stage for the Isolates Aj, A2, 
A^, A^, Ag, Ay, Aq and Ag wore 76,1, 59,2, 72,6, 71,4, 29,4,
82,5, 23*5 and 67,3 respectively, ulta the isolate Ag, the ISA

content,, however, was found to increase. fho percentage of 
increase at this stage with roopec.t to second stage for this 
isolate was found to bo 56,6,

2hue it io apparent that the isolates altered the IGA 

content in tho inoculated loaves but the pattern Of alteration 

differed with tho isolates, Within 10 days after inoculation, 
the ilHA content wao found to decrease with all the isolates but 

with the advance of infection, however, the level of alterations 

differed with the Isolates, After 40 days of inoculation, the 

IlKA content was found to increase to a largo extent from that 

found after 10 days of inoculation with Ay and Aq, high increase 
was found with Ag, oodorato iaereaso was found with A~ and Ag 
and very slight increase was found with Ag, On the otherhand, 
moderate decrease mo observed with ana Ag, l-’ith the further 
advance of infection, or in other words 70 days after Inoculation,
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th© HSA content m& found -to decrease to a largo astont from 
that found after 40 days of inoculation with A^ and moderately 
with A^i Ag, A^» Ag# Aq and Aq# But with A*- it ms found 
to inoroao© tlie Ilf A content moderately*



1, She fields particularly in. the districts of Burdwan,

Hooghly, 24 Pargaaao, HaMa and Haciia ware? surveyed during 

lebruazy-riaroh 1975 for ro cording tho inetdonec of virus' 

diseases, Bysaptoao of virus diooaoas wore observed in 

60,00 £ 4.58 - 89,33 + 3.47 per coat plants In the fields of 

all districts under consideration, Oix different types (1-Vj)

of eyraptosio were found to occur in the fields, fhe incidence of 

Typo I, II* in, IV ,V and VI oyaptosja were 13,66^^0,67 -21,66+0.33

36.66 + 1,20 - 51,00+ 1.52, 7,00 + 1,00 - Q.66 + 0,87,

9,53 + 1,20 - 14,66 + 0,33, 2.00 + 0.57 - 7,00 + 0,57 and 

15.00 + 1,52 - 16,66 + 0,8? per cent respectively, H20 typo II 

oyiaytoao were found to pracloaluata in all the fields under

consideration and the percents geo of Infection of typo II syiaptoos 

in the diatrioto of Burtem, Uooghly awl 4'aclio ware 36,66 + 1,20,

43.66 + 1,45 and 51.00 + 1,52,

ptv. « \7toa the loaves oiiowiog type II syoptozss wore collected 

froa tlio fields fron tine to tins and cap transoloolon studios

ware porfoeood 31-80 per coat traces!scion ms obtained, She 

oyaptons produced in the inoculated plants wars again found to

differ, Shu© i^ho_ type II oyupteno in the field was considered(
Q8 COmeloX,

3, On serial traaaolooion teats froa different batches of 

collections8 nine different typos of syoptono were Identified, 

Shssa nine typoo of oyaptons was aaintainod In young Cucurbits 

moochata ?olr plants in pure ferns nndar Insect proof condition
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and the viruses Involved therein ware designated as A0, Ag, 

^5* Ay» Aq and Ag#

4. She thersal inactivation points ($IP) of all the Isolates ’

wer© found to ha in between 4C>-550C* 2ho 21? of A~ and iu wasa i?
40-45°0, the fl? of Ag, A^t A^, A^ and Aq was 45*-50°0 whereas the

21? of Aj and Aj woo found to he 50-55°C

3, 2ho dilution oad points (Bd?) of all the isolates were
*§ *i? C

found to bo la bo tween ^ 10*’ - 2ho Ddl? of Al̂1 Hr
-1was found to bo loos than 10”’* The Dai? of Ag and Ag was found to'

be 10, * ♦ ID*2.

10*2 IQ*2*5
5?ha 3A? of Ag, mad Ag mo found to be

the i)dp of Ay was found to be 10 
tlio DiS* of Ag ms found to be 10*^ - 10**^* ^,

-2*5 KTJ and

6, 2ho agoing in vitro of all tho isolates at room temperature

(24-32°0) were found to be in between 6 hours to 168 hours* 2h© 

ageing in vitro of was 6. hours, of A^ and Ag ms 12 hours, of

Ag, Ag and Ag ms 48 houro and of Ag, Ag and Ay was 60 hours, 04 

hours and 168 hours ( 7 days) respectively*

7. As regards the host range 3? plants belonging to 

Guourbitaocao, Oolanacoae, logtsplnooao, Gruciferae, Carlcaceae, 

Cbsnopodlocao, Apooyamooao, Amrcmthacoae and Composttae ftoilies 

•were tested. It raa observed that all the isolates except Ag,

Ar and Ar could infect only the plants belonging to the 

cucurMtaeeao falsify. 21io isolates Ag and Ag wero found to infect 

0, aclongeaa and ?. hybrids plants besides the oucurbitaceous hosts.
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Isolate me found to infect 3, meloagona. P, hvbrlda.
It canpaetria var, Sarsoa# 3, oleracea and B, vulgaris 
plants besides tho cucurbits ceoua boats* But in ease, of 
B, casroestriB var, Sarson# £* oleracea and ®. vulgaris this 
virus me present syaptomlesaly, As regards cucurbitaceous
hosts in case of A^ Luffa aoutaagula * Inf fa ovlladrloa and Cltrullua 
vulgaris var, fistuloous, la oaso of lagenaria vulgaris 
Cltrullua vulgaris var, fistulooua and Oitrullua laaatua-* 
in case of A,- Lagenarlo vulgaris and Cltrullua vulgaris var* 
fiotulosus. in case of A^ Cltrullue lamtus* la ease of Aj 
Lagenaria yulmris in ' case of Ap Beaiacaaa confers and la case of

l?uffa QOQtaagula only wore found to be symptom less carriers. of i
the respective viruses*

8* In the transmission studies of tbo isolates with Aphis 
gossypll Clover# livens perelcae Suls* and Beoisla tabaol Gem* it 
ms observed that A^ and Ag were not transmissible by them* 
ms transmissible by B* tabaol and not by 4# gosavoll or 
II* UQrsieae * A^ and/Ag were transmissible by.only 3. nereicae,
A^, A^t Aq and A^ were transmissible by only A, gossypli* la ease 
of i A. gosovoil transmissible isolates namely Ag, A^, aq and A^, 
the percentages of transmission were 37# 43# 29 and 22 respectively. 
In ease of |5, uoraioae transmissible Isolates namely and Ag 
the percentage of infection for both the oases were same (40$),
She percentage of transmission of A^ by 3, tabaol me '32, As 
A* gosssmil once virulificd couM retain the isolates A^#Ay#Aq 
and Ag-upto a period of J2 hours# 9& hours# 24 hours and 96 
hours respectively. An aphid ||.pe.rolcae vlrullfied with either
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Aq or Ag ma found to rotate tho icolato for tho mo& period or 

in other words for a period of 96 hours only. 2ho retention 

period of isolate A« in B, tabscl one® viralifiod was found to 

ho 48 hours.

9# In tho eloctronaicroacopio studies, the particles of all 

tho isolates wore found to ho fles&blo rods of varied length. ,

2ho length of the particles of Ag and wore la hotweoa 

500 nyu ~ 600 ayu. 2ho length of tho particle of Ag ms 507.5 nyu 

and that of A^ m& 525.0 ayu, 2ho length of the particle of Ag 

ms 675.0 nyu, She length of tho particles of A^., A^, A~ and Ag 

ware in between 700 nyu ~ GOO nyu, flic respective lengths of then 

were 712.5 ayu, 725.0 cyu, 743.6 syu and 735*0 nyu, £h© length 

of the particle of Ay and AQ wore in hetman 800 nyu - 900 myu 

and the respective length© wore 325.0 nyu and 874.9 nyu, 

r"
10, / Bros the serological otudloo, it appeared that the isolate

A^ ms closely related to the isolate and Ag, Isolate Ag was

clooely related to the Isolate A*, Isolate A7, was closely relatedj . y
to A^f Ag, iy, A,-, Ag and A^» Isolate A^ mo closely related to 

and Ag, Isolate ms closely related to and A^. ^ Isolate

Ay was closely to A^j Put tho isolate AQ and A^ were not related 

to any other isolate and also unrelated to each other, fhus tho 

icolatos aay fora throe groups, based on their serologies! relation­

ship, Group 1 included isolate A^, A2# A^f A^, A^, &6 and Ay,

Group 2 included isolate Aq and Group 3 included isolate Ag,

11, When the properties of the isolates wore compared with 

those of tho known cucurbit viruses, it appears that the isolate A^
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resembled Bottlofjourd aooalo virus reported by ?aGudova and la% 

(1943)* Olnco isolate ilg mo eloo© to ijs'caagr respects# 

and Ag oay bo eonoidoroci as tc/o different strains of bottlegourd 
aosaio viiias* Isolate A« mo found to bo close to ?ein yellowing-•P
virus reported by Iferoas and Oolion (1965), Isolate and 

v;ore found to bo very close to Cucurbit latest virus reported 

by uobb (1963), loolato Ag ms found to be close to Cucurbit 
liosale virus r©ported by ISariliaraaubraraslan and Badaai (19C4)* 

Isolate -X.j ms found to bo very closer to urtemeloa Mosaic 

virus 1 reported by febb and Scott' (1965)* Sho 'isolate A.-, and 
4q did not rosonblo any fencim cucurbit virus and thus theco two 

isolates ray be conoidorod go now viruses and may tyo dtoicaated 
as Pumpfcia Anatloa Hooaie virus and Pumpkin HIM 1Zocaio virus 

respectively.

fc uIS, In tbo biochemical studios, It mo observed 

inoculation of all the isolates altered (a) ehlcropfoyil (a,b and 

total)# (b) buffer soluble protein (c) total (204 procipltable5 

eap protein (d) reducing sugar and otarcb and (e) ribonucleic 
acid contents in the leaves of 0* moschita plants at different 

otaG’OQ of pathogen©Dip*

a) 2te chlorophyll a content ms reduced vita respect to 

all iSolatoo vltMa 10 lays after inoculation^ At 40 days after 

inooulatl^ffl© Palo component ma increased from that found at 

10 clays of inoculation with roopaot to A^, A«, A^, Aq and Ay* Sat 
It ms found to bo reduced with A0* Ar and A0, Zlo chano© of tills 

component ms however observed with Ag, At JO dayo after 

inoculation the chlorophyll a content mo reduced with, a^# A^.,
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Aq ascl Ag crharoas with Ap and it nas found to increase 

ire© that found at 40 days after inoculation. At tho sfta£« of 

pathogenesis,, no change of chlorophyll a content uas observed 
With Aq*

jOhloropliyll b contoat uas reduced with reopoet to all 
isolates at 10 days after inoculation}/^, A^, Ag aafi Ay increase* 

this component from that found at 10 days after inoculation and
A«t A-, A-, A0 and Ar, decreased it as oomtared to 10 days after^2 3 kj v"*

inoculation* At 70 clays after inoculation A^, A^, aq» ihj* 
A® and Aa decreased thlo cocmnaat from that found at 40 days«5
after inoculation* But and increased it fres that at 40tS. p
days after inoculation.

fotal' chlorophyll content mo aim decreased all

tbs isolates at 10 daya after inoculation*] At 40 days after
inoculation A^t A^t Ag a ad A^ increased it over that found, at

' ^
10 days after inoculation. But A0> Art Ar, Ap ami A* doereaeod

it from that found at 10 dayo after Inoculation, f k 1

after inoculation A*, k* * AR, A,-# A*>« An and A^ decreased itf7 a r
tsm that found at 40 dayo after inoculation, But A0 and A.,t. J

Increased it from that observed at 40 days after inoculation.*

In case of buffer kjuj.v3U.s>.w A ?0«OiS* A.| * iig* A,
Aa and An increased it at 10 dayo after inoculation whereasti

iip and Ag decreased it, | At 40 days after inoculation this- 
coQponSEt vaas increased with all the isolates* At 70 days • 

after inoculation A^j A*. Ar, Ar-, aai A« Increased It<£ j a a o y
from that observed at 40 days after inoculation but A^A^_ and Ay 
reduced it from, that observed at 40 days after inoculation*



214

/T

c) In case of total (i’GA prccipi table) cap protein, all 

the isolates increased it at 10 days after inoculation.:,’ At 40 

days after inoculation Ay and Ag increased it from that

observed at 10 days after inoculation. But A^,. A^ and Ag 

decreased it from that observed at 10 days after inoculation.

At 70 days aftor Inoculation all isolatoo increased it from that 

observed at 40 days after inoculation.

d) In case of reducing au-gpr_Qt to days after inoculation 

all the isolates except Ag decreased it.j At 40 days after- 

inoculation reducing QUCP- increased with , Agr A^, Ag, Ag, 

Ay am Aq but Ag decreased it from that observed at 10 days 

after inoculation. At 70 days after Inoculation A,, A,, AK,

Ag, ky and Ag liicroaeod it whereas Ag decreased It from that 

observed at 40 days after inoculation. At this stage of 

pathogenesis no change of reducing ou(pr content was observed 

with Aq,.

la ease of starch at 10 days after inoculation Ag, Ag, 

Ag, Aq and Ag decreased It whereas Ag, lu and Aj increased 

it, f At 40 days after inoculation starch content was decreased 

with all the Isolates, At 70 days after inoculation A^, Ag, A^, 

Ag, Ay and Ag decreased it from that found at 40 days after 

inoculation whereas Ag and Ag increased this component but with 

Ag no change of this component ms observed with the respect 

to 40 days after inoculation.



e) Iii ease of PJIA. of 10 flays after inoculation all the 

isolates decreed. it • f At 40 doya aftar inoculation Ag, Ay 

Ay Ajf and Ay increased It and A^ and Ag deeraaood it tsom 
that observed at 10 days after inoculation. At 70 days after

Af„ and A o decreased itinoculation A-, A», A«# A,, Ap., A.-, A ,
• *• J ' *r J f

whereas Ag increased tMs cosponfent fmn that observed at 40 days 

after inoculation*

in
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