
ROLE OF WEEDS IN THE PERPETUATION OF VIRUS DISEASES OF 
VEGETABLES_AND ORN A M E N I A L - P L A N I S „

THESIS
SUBMITTED IN PARTIAL FULFILMENT OF 

THE REQUIREMENT FOR THE DEGREE 
MASTER OF SCIENCE IN AGRICULTRE

FACULTY OF AGRICULTURE 
KERALA AGRICULTURAL UNIVERSITY

DEPARTMENT OF PLANT PATHOLOGY 

COLLEGE OF AGRICULTURE 

VELLAYANI, TRIVANDRUM



declaration

I hereby declare that this thesis entitles 11 ROLB 01? 
UES3JS in SIB PERPETUATION OP VIRUS DISEASES OP VEGETABLES 
Aim ORNAMENTAL PLANTS" la  a bonafiue record o f  research 
work done by ms during the course o f  research and that the 
thesis has not previously foraed the basis for  the award to 
me of any degree, dlplaoa, essoclat©ship» fellowship* or 
other similar t i t l e , of any other University or Society.

A*V. MATHEW

Vcllaycai* 
^^Pebruary, 1981.-



i l l

CEUSIiftCAEE

Certified that this the s i 9 , entitled « Role o f weeds 
in perpetuation o f virus diseases of vegetables and, 
ornamental plants” is  a record of research v/orls done 
independently by Shri* A*V. MATiiEW, under my guidance and 
supervision ana that i t  has not previously formed the basis 
for the award of any degree , fellowship or associateship to 
him.

Dr. S. BAMKRISiiNAH,
Chairman,

Advisory Committee,
Associate Professor of Plant Pathology,

Vellayanij 
/f^Pobruery, 198 1,



Chairman

Members:

Dr, 3* BAMKRISHM

1. Dr, H.OMHDRASEKHARAN MIR

2. Dr. SASIKUMAR IIAIR _

3, Dr. ABRAUAH JACOB



ACKNOWLEDGEMENTS

Eho author wioboe to place on record ids deep sense o f 
gratitude and indebtedness tos

Sr. S. Balakriehnan , Associate Professor of Plant 
Pathology* Chairman of the Advisory Committee for sincere 
guidance* inspiring suggestions and constant encouragements 
during the course of this investigation*

Dr. M.R. Men on, Retired Professor of Plant Pathology,for 
suggesting the problem, valuable advice and cr it ica l review of 
tho manuscript*

Dr. M. Chan drase Ichor an Hair* Professor o f Plant Pathology, 
Dr. . Sasikumar Hair, Associate Professor o f  Microbiology and 
Dr* Abraham Jacob, Associate Professor of Entomology for their 
valuable advice* suggestions and cr itica l review o f the 
manuscript,

Dr. M.R.G.K. Hair* Emeritus Scientist, Department of 
Entomology for helping him to identify the insects and 
Shrl.Ziuc&ins C.Babu, Assistant Professor of Agricultural 
Botany, for helping him to identify the v/eed plants,

The members of s ta ff of the Departaent of Plant pathology 
for tho help rendered in connection vi-ith this investigation,

Dr. II. Sadanandan, Dean, Faculty o f Agriculture, for 
providing fa c ilit ie s  to undertake the investigations and

She Indian Council of Agricultural Research for 
awarding him to I.C.A.H. Junior Rose arch Fellowship.

(A. V. MATHEW)



Vi

C0N2EN3E3

Pago

ST'IIBQDUCEEQN . . .  . . .  1

P3 VIEU OP L I 2EHA2U H E .........................  3

I-IA3ER IA LS  AM) METHODS . . .  23

BESOIfflS   31

DISCUSSION . . .  . . .  85

SUMHAHX . . .  . . .  108

IZSK3HBNGES   i  -  a d



vii

LIE'S OF 2ABE.ES

gable -uo.

1 s®  transmission of the viruses
2 Graft tran scission of the viruaeB
5 wMtefly transaission of the viruses
4 Humber of viruliferoue whiteflies and per 

cent transmission o f yellow vein mosaic o f

5 Humber o f viruliferous whiteflies and per 
cent transmission o f lea f curl of
A f-era turn conigoides

6 Humber o f  viruliferous whiteflies and per 
Cent transmission of yellcw vein mosaic o f 
Croton gpars ifloruts

7 Humber of viruliferous whiteflies and per 
cent trangniseion o f yellow mosaic o f 
llicroeocca mercurlalia

8 Humber of viruliferous v/hitefliea and per 
cant transmission o f yellow vein mosaic of 
Sida cordifolla

9 Humber of viruliferous whiteflies and per 
cent transmission o f leaf curl of

fjtaohy tarnhe ta indica

10 Humber of viruliferous whits f l ie s  and per 
cent tran scission o f  yellow mosaic mottle o f 
Etachytaroheta in dice var, .iasaiconsig

11 Humber of viruliferous v&iteflies and per 
cent transmission of lea f curl o f

nodiflora

Pago

46
49
51

55

54

55

56

57

58

59

60



T ill

Tabic Ho.

12 Physical properties of the mosaic
virus of Am ar an thus v ir id ls

13 Physical properties of the mosaic
vim s of S tachy tarphe ta indlca

14 Physical properties of the yellow mosaic
virus o f liicrococca mopcurialia

15 Aphid transmission of the mosaic virus 
o f  Am ar an thus v irid le

16 Aphid transmission of the mosaic virus 
of stachy tarphe ta indlca

Page

63

66

69

70

71



LIST OF ILHJ35RATXC2TS

Yellow vela mosaic o f A&gratiim conigoides
lea f curl of Agora tarn conigoidoo
Mosaic of Amaranthus v ir id is
Mosaic Gf C litoris  tarn ate a
Yellov; vein mosaic o f Criton sDarsiflorae
Yellow mosaic o f Hemidesmug jndicaa
Yollcv; mosaic o f Miorococca mercurialis
Yellow mosaic of setagtlaala cbamoelea

, Yellow vein mosaic of Sida cordlfolia
Loaf curl o f Staclivtarpheta indioa-
Mosaic o f s techy tarphe ta indioa
Yellow mosaic mottle of Staehy tarphe ta indioa 
var. ,1am aicenoio.
Leaf curl o f Synedro11a podiflora
Symptoms of yellow mosaic developed on 
Mlorococca mercnrialls "by ssp inoculation
symptoms of leaf curl developed on tomato 
(Lycopergicon eoculentum) by inoculating 
.the yellow vein mosaic virus o f 
Croton soaralfloras



Symptoms of lea f carl developed on tauato 
(Lycooornicon eseulentum) by Inoculating 
the yellow vein mosaic virus of Sida coraifolia

Symptoms of leaf curl developed cm tomato 
(Lyeoperaleon eseulentum) by inoculating the leaf 
curl virus of S■techytarpheta indica
Symptoms of leaf curl developed on tomato 
(Lycorterslcon eseulentum) by inoculating the 
yellow mosaic mottle virus of staohytarphe ta indica 
var. .iamaiconsis

Symptoms o f leaf curl developed on Celosia. crictata 
by inoculating the yell©/ mosaic mottle virus of 
Stachytaraheta indica Tar.jamaicsneia
Symptoms of stachy tarphe ta mosaic virus on 
snalce gourd ( Trichosanthog anpuina)

Symptoms of stachy tarphe ta mosaic virus on 
Sobacco (Hiootlana tabaeun var. yhite Burley)
Symptoms of stachytarpheta mosaic virus on 
Tobaoco (Nicotiona tabacum var. Sam sun)



xi

LIST 03? FIGURES

Firaro Humber

1 Transmission o f yellow vein mosaic virus o f
A sera turn con Isoldes "by Bemlsia tabaci

2 Transmission of lea f curl virus o f
A sera turn conigoides by Beglaia tabaci

3 Transmission o f yellow vein mosaic virus o f 
Croton soars!florae by Bemiela tabaci

4 Transmission of yellow mosaic virus o f 
Ilicrococca mercurial!a by Bemlsla tabaci

5 Transmission of yellow vein mosaic virus of
Sida cordifolia  by Demieia tabaci

6 Transmission of leaf curl virus o f
S tachytarahe ta in dica by Bemisia tabao.i

7 Transmission o f yellow mosaic mottle virus of
Stachvtarpheta indioa VGr»;1aaaioensis by 
Bemisia tabaci

B Transmission o f lea f curl virus o f
Svnedrella nodi flora  by Bemisia tabaci



INTRODUCTION



IE3IRQDUGEIQH

She deleterious effects of weeds on crop cultivation 
have been well documented by the findings of many scientists 
working in different disciplines o f  agriculture. Different 
types o f weeds not only compete with crop plants for the 
nutrients and water but also harbour pests and pathogenic 
organisms and thereby act as potential sources fo r  the 
incidence of pests and diseases* She role o f  weeds is  the 
epiphytotie incidence o f certain virus diseases affecting 
economic crop plants has been identified and experimentally 
proved by several workers (?hung* 1932* Daighton, 1938* 
Erathi and Samuel* 1939* Costa* 1965 and Mariappan and 
Korayanasamy, 1977)*

Disease symptoms resembling those found in crop plants 
caused by plant viruses are often noticed on a number of 
weed plants in different parts of Kerala. However* there 
are no authentic experimental evidences to prove that these 
ore caused by virus infections and that* these weeds may act 
as collateral hosts o f any of the viruses causing diseases 
of cultivated plants*

She present investigations were undertaken with a view 
to identify the virus/viruses infecting weeds in Kerala,
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their modes of trananiseion, physical properties and to 
establish the relationship, i f  any, with those affecting 
vegetables end ornamental plants* Jin attempt has been 
node to study in detail thirteen virus diseases affecting 
ton species of weed plants belonging to 8 different families* 
!2hc results of the studies w ill be useful in understanding 
the role of weeds in the perpetuation of the viruses infecting 
cultivated plants and the findings can be judiciously 
utilised in formulating ^>propriat© strategy for the control 
of the virus diseases of the crop plants.



REVIEW OF LITERATURE



HE VIEW Off LITERATURE

Considerable amount of work has been done by many plant
i i

virologists on the role of weeds as collateral hosts in the 
spread of viruses infecting cultivated plants. A review of 
the work done on the viruses infecting the weeds pertinent 
to ihe present investigation io  presented in this chapter.

Aftoratua conigoides L.

I t  was reported that A sera tarn conigoides could act as 
a collateral.host of the virus causing curl and crinkle 
disease of tobacco and that the disease could be controlled 
by the eradication of infected A.oonizoidee at least a 
month before planting tobacco (Thung»1932S 1934! 1935)* 
heighten (1938) reported A* eonigoidea as case o f the collateral 
hosts of tobacco leaf curl in Sierra leone. Van her Laan (1940) 
reported A. eonigoidea among the weed hosts o f  Pseudo-mosaic 
disease of tobacco in Sumatra. The virus was tranaaittod 
from the weed to tobacco by the wbitefly, Bomisla gossypioerda 
and both the weed and tobacco showed similar type o f symptoms. 
Silberschmidt and Hobrega (1941) observed symptoms resembling 
banana mosaic on A. conigoides in Brazil. The virus was
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mechanically transmissible to Nicotiana gftntlnoaa. tabacuQ 
(white Burley) , Batura stramonium and Petunia op*

Gadd and Loos (194-1) reported a vim s disease of 
A.ccmigoldes characterised by vein banding and lea f curl. The 
virus was transmitted from diseased to healthy plants by 
Grafting and by the white f ly , Bemlsla ep. They found that tho 
virus could be transmitted to tobacco by the white f ly .  Fernando

4

and udurawena (1942 ,̂ reported A.confzoidoo as a collateral
\

host of the mosaic of Hibiscus esculentus in Ceylon.
Belatire (1947) observed A.conizoidos as a collateral host 
of lea f curl of cotton transmitted by B.tabacl. The weed 
served as the collateral host of B.tabacl as well as the leaf 
curl virus. Thung and Hadiwid^aja (1950) reported on yellow 
vein banding mosaic o f A.conigoides which could be transmitted 
from diseased to healthy planta by means o f Cuacuta australis. 
Newton and Pierio (1955) v;hlle investigating the virus 
diseases of plants in Ceylon observed a conspicuous vein 
banding on A.conissoides which was transmitted to healthy 
plants by inarch grafting#

In India, Pal and Tandon (1937) reported a vein clearing 
disease of A.conigoides which was transmitted by grafting.



5

Pruthi (1937) reported a leaf carl disease o f A#oonisoides 
similar to that of tobacco. He transmitted the disease to 
tobacco by the wbitefly* Bemioia goggypioerda. Pruthi end 
Samuel (1939* 1942) reported that tobacco leaf curl in North 
India was transmitted from ■fee collateral hoot* A.oenigoidos 
by B»Rossypiperda* Pruthi (1944) later eon firmed that i t  
acted as a collateral host of tobaeeo leaf curl virus* 
transmitted by B.tabaci, Vasudeva (1957) reported that 
A.ccmtgoidog was found to be a collateral host o f tho virus 
causing yellow vein mosaic of bfepn&i.

Vanaa (1959) also reported that A.codIsoldes might act os 
a collateral host of T;obacco leaf curl virus* She virus was 
transmitted from infected fflcotlana rnstica to A*conigoides 
by 3. tabaci producing leaf curl and vein thickening.
Vcrma (19®) reported that yellow vein mosaic of A.conlsoidoQ 
wad transmitted by B«tabaci and that a single viruliferous 
wbitefly could transmit the virus, fhe virus could in fect 
Brovjallia elata end Vegncmla sp. causing leaf curl and yellow 
vohi mosaic ,, respectively* He could not obtain transmission 
of the virus to tobacco. Hair and Wilson (1970) reported a 
yellow vein mosaic o f A. conigoides which was transm issible by
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v/c&ga grafting and by B* tabaci. They found that tho virus 
could in fect Svnerflreila nodlflora causing leaf earl. 
Srivastacva st al*(1977) .reported a virus causing yellow not 
disoaso o f zinnia olopans, transmitted by B.tabacl, and they 
found that the ease virus could infect A.oonizoideB.

Anar an thus epp.

Shevtchenko and shevtchenko (1930) reported Amaran thus 
r o tco f lo ^ a e  aa a collateral host o f Sugarheot mosaic virus. 
She virus was transmitted from sugar hoe t to A.rotroflexue 
and vice-vorsa by Aphis fabaa. Pound (1947) reported that 
A. rctroflexus might be a collateral host of Boot mosaic 
virus- The virus was transmitted frcm A .retroflezue to 
ougarbaet by A.fabac end Hyatts persloae. Bonnet (1949) 
a lso  found A.rstroflem n among tho collateral hosts o f 
Sugar boot mosaic virus. She virus was transmitted to 
A.retroflexug from sugar boat by moans o f M.perqicae. 
Khrietcva (1950) reported A.r e tr o f le u u g . A. albus. 
A.nojmteosuB, A. pan! dilates and A.aureus as hosts o f Beot 
m osaic virus in Bulgaria. Both Aphis fabao and Myzuo 
r> Q7? s i  coo could tr an emit tho virus to nugarbeot from 
jfjr.aranthna spp •
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Bercks and Zissmer (1956) transmitted Beet yellows virus 
to A.retroflesus and A.gangetlcug by M.nereicaeg which were 
considered to be the carrier0 of the virus. uieener (1962) 
observed Am or an thus spp. among the collateral hosts of Beet 
yellows virus. She virus was tranauittod from sugarbeet to 
&aaranthua' spp. and vice-versa by H.-perslcas. Grela (1966) 
transmitted Beet yellows virus to A. aureus and A.snecioaus 
by means of M.peralcae and Aphis fabae. The virus was also 
mechanically transmissible to the weed hosts*

Doolittle and Walker (1923) reported aOiuearbit mosaic 
virus which infected pig weed (A.retroflexas)» Scbmelzter and 
Ilolnar (1975) reported A.retrofXegia infected with G'.uoumber 
mosaic virus as the primary source of inoculum of the disease 
for cucurbits in Hungary. The virus was sap transmissible to 
cucurbits. Joshi and Dubey (1975) reported A.v iiid is  among 
the vised hosts of Cucumber mosaic virus which acted as a 
potential source of inoculum for  infection o f cucurbits and 
other crops. Lockhart and Fischer (1976) reported that 
A.rotroflescUB might be a collateral host o f Cucumber mosaic 
virus* which Infected ch illies  in Morocco and Mygue parsicae 
go the vector of the virus.
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SSaumeyer and Kearns (1936) could transmit; Bean mosaic 
virus to "beans Iran A.retrofleauB by Aphis meflicaglnlB. 
Silborachmidt and Hohrega (1941) reported A.retroflexus mosg 
the collateral hosts of Banana mosaic virus* Hildebrand and 
Koch (1942) transmitted the virus causing savory, disease of 
cugprbeet from Amaranthua epp. to sugarbeet by the pigweed 
tag, Plasma oinerea. Larson (1944) reported A*reteo fle^ s  
among the loca l lesion hosts of potato virus X* Thomas (1949) 
observed A.retrofleaas as the carrier o f the rod-node virus 
of beeno (Phaseolus vulgaris) in Colorado*

Can ova (1955) reported A.retroflexaa and A *def leasts 
as the collateral hosts of a virus causing a sugar boot disease 
called « Romagna Yellows R in Italy. FUnersicae could 
transmit the virus to sugar beet. Brierly and lorents (1957) 
observed A.retroflexuo as -Sie loca l lesion host of Hydrangea 
ring spot virus* Duff us (1960) reported A.retroflexua and
A. trico lor among the hosts of Raddish yellows virus. 2hQ 
virus vjqg transmitted to raddish and sugarheet by Aphis 
holicgysi. Mlcrosinhum dirhoduta and Kvsus •per-sicae *
Kcvaaehevskl (1975) reported A.llvidue and A.panlculatus

>
as the collateral hosts of Turnip mosaic virus in Bulgaria*
The virus was transmitted by sop inoculation and by aphids*
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M»T)ex%G:lcaG and Brevicor.vnQ brassicae. I>Gcatelll et al.(1978) 
reported A.rotoofleaus as the collateral host of ffobacco rattle 
vim s and potato virus X*

2B India, Phatak (1965) reported mosaic diseases of A . 

vlrtdlo and A.bitturn which were sap te an omissible to cultivated 
specie 3 o f sear an thus* Oapoor and Hao (1969) reported a 
leaf mottling disease o f AmorBhophalius cosroanulatus which was 
transmitted to A. tricolor by M.persicaa. Raraakriehnan ©t al»(19?1) 
reported a virus causing mosaic disease of A. gangatlcus which 
woe transmitted to Celosia cristate and Acbyganthus asnera by 

gsd? inoculation and by Aphis fiossypli. She thermal inactiva­
tion point of the vima was between 60-65°C, dilution end 
point 1:1 uOO -  1 *10000 and longevity in v itro  72 hours.
Karisppsai and Barayanaaaay ( 1977) reported a mosaic disease 
o f A.virifllg which was transmitted by eap inoculation and 
by tho sohi&s, A. fioaaypii. A. craccivora and M.uftrgtcae. 52ie 
viruo could be transmitted to sis  species o f plants including 
A»OTflptlcua and A*eauflatua by both asp inoculaticm end by 
qphidc. Ercai the physical properties, host range and 
serological teats the virus was identified as a strain o f ■ 
Asaranthua mosaic virus. She thermal inactivation point



of the virus was found to be between 60-65° C 9 dilution 
end point 1 s’!000 end longevity in vitro 3 days at 5°C and 
2 days at 20 -  30 °0*

Cx»otpn epp.

Vasudeva (1957) reported Croton sparsiflorug as a 
collateral host o f yellow vein mosaic virus of bhendi.
V a rn a  (1963) reported that yellow vein mosaic of C.sparsiflogus 
was trangnitted by grafting and by the whitefly* Bemisia tabaci. 
He suggested that i t  may be a strain of Tobacco loaf curl 
virus. Hair and Wilson (1970) observed a ye 11 cry vein mosaic of 
C» soar g if Ictus which was transmitted by wedge grafting and 
by B.tabacl. They found that the virus causing yellow 
vein mosaic o f C. spar si floras and Sida cor d ifo lia  ■
could cross in fect. Bird gt al.(1975) reported a mosaic

». 1
o f  Jatropha gossypifolia which could in fect C.lobatus. The 
virus was transmitted by B.tabacl.

I

Sida spp.

KUnlcel (1930) recorded a mosaic disease common on Sida 
rhomfcifolla and other gpeeies of sida in Florida which was 
transmitted by grafting and budding. Storey (1935) considered
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that Sida spp* might he collateral hosts of tobacco leaf 
carl, transmitted by B.tabaci* in e, Africa. Hop Kins (1936) 
oh solved, a leaf curl disease of Sida spp. which could be 
transmitted to cotton by budding and grafting. Botoro (1957) 
reported that s .acuta and s* salvaefoila might be collateral 
hosts of the virus causing Hstenosis” of cotton as they showed 
identical symptoms, height on (1938) reported s .cam ln lfolia  
and S* cordlfolia as the collateral boats of Tobacco lea f curl 
virus' in Sierra Leone*

Shepherd (1940) found that s . carninifolia could act as a 
hoot of Tobacco leaf curl virus* Owen (1946) reported mosaic 
diceases o f S .acuta, s .rhomblfolia* S.arena. S. glcmerata and 
S.lin ifo lla  in Trinidad which were transmitted by grafting* 
Based on the symptoms he concluded that the mosaic diseases 
of sida spp. in Trinidad and Brasil were caused by the seme 
virus, i e , ,  Aba t i l  on infectious variegation virus (AIVV), 
Orlando and silberechmidt (1946) reported infectious 
chlorosis of Malvaceae affecting Sida spp* in Brasil* She 
virus was transmitted from diseased to healthy plants 
o f sida by a single adult wbitefly, B*tabaci* They could 
obtain hundred per cent transmission when 10 viruliferous



tv

12

viliioeflies were used per plant. She virus was also 
transmitted from Sida spp.to Abutilon striatum var. Spurium 
by B.tabacl.

Belattre (194?) reported that s .earolnlfolla  might ha the 
collateral host of Cotton lea f curl virus, transmitted by 
3 .tabaoi* since both cotton and S. carefulfolia showed identical 
symptoms* Costa (1954) recorded a wide spread mosaic, 
infectious chlorosis of Malvaceae, among indegenoag species 
o f Sida in Brasil, ffao same virus caused mosaic disease in 
cotton, bhendi, beans and soybeans. Costa (1955) could 
transmit the virus by means o f the vector B .tabaci to bean 
causing a disease called *Bean dwarf 000010*.

Silberschsiidt and Eommasi (1955) reported infectious 
chlorosis of Malvaceae on s .rhombifolisu £. acuta var. 
carolnifolla and sida sp. £hey could tra n s it  the virus 
frcci- s .rhumbifolia to the aaae host, Malva spp* and 
Althaea rosea by moans of B.tabacl* Silberschmidt and .
2caimasi (1956) t r a a  E m itte d  the v i r u s  of infectious chi or o els 
of Malvaceae to Kicsgndra nhvsaloides by. means o f B. tabacl. 
iSio viruB v/qs n o t  t r a n s m it t e d  to tobacco by either grafting 
or by th e  whl to f ly . Costa (1956) r e p o r t e d  s .rhomblfolia and
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C,micron tha as the collateral hosts of a virus disease of
m am

cotton called ,Anthocyanosiet in Brasil, 2he virus was 
transmitted to the hosts toy means of the aphid. Aphis gosnynii,

Siltoerechmidt et al* (1957) reported the transmission of 
AIW from Abutiion thompeonil to health? S,rhcmbifolta 
plants toy means of B,tabaol. Flares and Siltoerschmidt (1958) 
reported the occurrence of AIW on Semicrontoae The virus 
was transmitted to the weed host and totoaeco toy grafting 
and toy viruliferous B.tabaci, 2hey could also transmit the 
virus from infected s«rh cobifolia  to Bvcopersicon esculentum, 
Batura etramonitim and Ovphomandra betaceaa toy grafting and 
by the whltefly. Bird (1958) reported1'infecious chlorosis 
of Malvaceae on S»oarplnifolia which was transmitted toy 
3«tabaci race sida®. Uhe virus was transmitted toy the vector
tfa, i 1 lflf T W m  V

to tobacco producing mild leaf curl, A single viruliferous 
in coot could transmit the virus, Flores et a l. (1960) observed 
tlat the virus causing the infectious chlorosis of Malvaceae7 
could in fect tomato and that i t  was transmitted to s. 
rhccnbifolia toy grafting and toy B, tabaci.



Costa (1965) reported that infected s .rhoafolls end other 
wild Halvaeeas could act ae u collateral boats of mottled 
dwessf o f  been in Brasil. The virus was transmitted frosa wild 
Malvaceae to bean by B.tabacl and 1 dentified aa AIW*
H ill (1968) reported s .eordifolia  as a collateral host o f 
Tobacco lea f ourl virus sine© both tobacco aid s . cordifolla  
allowed strongly resembling symptoms*. The virus waa 
transmitted by B .tabacl» Bird and sanchas (1971) reported 
that the mosaic disease of s . csrplntfolim in Puerto Rico end 
■ infectious chlorosis, of Malvaceae in Bracil wore related to 
each other. Costa (1975) found that wild nalvaCscus plants 
infected with A I W  were collateral hoots o f Soybean ©rin&Ie 
mosaic virus- in Brasil* The virus was easily tear? omit ted 
to soybean by B.tabacl but tho recovery of the virus from 
soybean was d ifficu lt  and the transmission from soybean to 
soybean was generally not successful.

Bird at Gl. (1975) reported a yellow mosaic o f  S. 
QGro&alfolis in Puerto Rico, which was transmit ted by 
fo.tabsoi. She virus was transmitted to tobacco by 
viruliferous white f ly  producing mild lea f ourl. Carlos 
Granlllo et ole(1975) reported teat Sida spp.mi^it b© tee
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collateral boats of mosaic of cotton and golden mosaic o f 
bean (Phaseolus vulgaris) in Hi Salvador. Shoes viruses were 
transmitted by B.tabaci and Sida opp. were suspected to act 
as the reservoir of the viruses.

In India, Pruthi (1939) reported s .rhombifolia and 3* 
hum i l l s  as the collateral hosts of tobacco leaf curl. 2be 
virus was transmitted by a single viruliferous B*tabaci to 
the weed hosts and tobacco* Pruthi and Samel (1942) 
reported that the virus causing leaf curl of tobacco and 
tomato could be transmitted to S.rhombifolia by B»tabaci. 
Bair and v/iloon (1970) reported an yellow vein mosaic of 
S.corflifolia which was transmitted by wedge grafting and 
by B.tabaci. The virus was transmitted by the whitefly to 
Croton sparsjf&ltrus and hyeopersieon eeeulentam and yellow 
vein mosaic and leaf curl symptoms were produced; respecti­
vely* They transmitted yellow vein mosaic pfi Croton 
eoarsiflorua to S.cordlfolia  by viruliferous B* tabaci and 
recorded the same type o f symptoms*

3 tachytamhe ta spp.

D eight on (1938) reported Stach.v tarphe ta. ep. as a 
collateral host of tobacco leaf curl in Sierra leone*
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Tan Dor Laan (1940) rap or tod s .aichotoma among the collateral 
boats o f pEQiido-mosaic disease of tobacco in Sumatra* She 
virus was transmitted to the weed host and tobacco by 
B* flOBS.ypiperda.Brierly (1945) recorded mosaic, spiles and 
rosette viruses on staohytarphe ta op.

In India, Venkata Rao (1935) observed spike like disease 
of So in die a end suspected that i t  might act as a collateral 
host of sandal spike* Wilson and sathiarajaa (1965) 
reported a lea f distro'&Ing virus of 8»indica which was 
transmitted by wedge grafting.

Synerdrella nodiflora Gaertin

I t  was reported that Syneflrclla nodiflora could act as 
a collateral host for  the virus causing curl and crinkle 
disease of tobacco and that the disease could be controlled 
by the eradication of infected S.nodiflora at least a month 
before planting tobacco (Thung 19325 19345 1935).
Bei^iton (1938) reported s .nodiflora among the collateral 
hosts of tobacco leaf curl in sierra Leone. Tan her 
Loan (1940) observed s .nodiflora as on© of the weed hosts 
o f pseudo-mosaic disease of tobacco in Sumatra. Ihe virus



v;gg  transmitted from infected S.nodiflora to tobacco by the 
will to f ly  B« eosaypipgrda and there was strong resemblance 
in the symptoms produced on both the host plants.

Bewton and P ieris (1953) recorded a virus disease of
S.nodiflora characterised by leaf cupping ©ad chlorosis. She 
disease was transmitted by inarch grafting, but not by eap 
inoculation. Oalica (1961) reported a virus disease of
S.nodiflora and suspected that i t  might act as a carrier of 
the virus causing cadang-cadang o f coconut in Philippines.

In India, Hair and Wilson (1970) reported a lea f curl 
disease of s .nodiflora which was transmitted by wedge 
grafting and by B.tabaci. , The virus was transmitted to 
Afteratum conigoides by viruliferous whitefly and produced 
yellow vein mosaic symptoms. They confirmed that yellow 
vein mosaic of A.conigoides and lea f curl o f S.nodiflora 
were caused by the same virus. ,

Other weed hosts

Bock et a l. (1977) reported an yellow vein virus of 
C lltorla fern a to a. a wild le gume, in Kenya, ffhe virus was



mechanically tranemitted to the original host* other 
members of PapllionaceaQ and Hibiscus esculcntus. Hair, 
and Menon (1978) reported a yellow mosaic of Kicrococca 
oercurialiB which was transmitted by wedge grafting and 
by the white fly# B.tabacl*

llochanical transmission of whitefly-borae disease agents

Costa and Bennett (1950) reported fo r  the f ir s t  time 
the mechanical transmission of a whi te lly  transmitted virus 
can sing mosaic disease of Euphorbia prunif o lla . The virus 
was. mechanically transmitted to Boprunifolla and Datura 
otraaopium. but the percentage of transmission was very 
lev:. The ;}uice expressed from diseased E.prunifolla plants 
vjore rubbed over the leave0 of seedlings that had been 
sprinkled with carborundum, similarly Costa and 
Carvalho (1960a) have also reported mechanical transmission 
of the virus. Bird et al. (1975a) also reported similar 
observations from Puerto Rico. They confirmed that the 
mosaic disease of E.prunlfolia reported from Brasil and 
Puerto Rico was caused by the Boms virus.

Sheffield (195751958) reported two virus diseases of 
sweat potato, virus A and virus Bf from E.Africa. o f these
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virus A was transmitted toy Hvaug persicae and virus B toy 
Bomlsia tabaci. She virus A was not mechanically transml- 
soitole to any of the hogts tested. The virus B was also 
not mechanically trangnisaible to its  original host.
In era os a batatas. tut transmissible to Petunia sp* and other 
tost species of Ioomoea. when the original host was used as 
the source of inoculum the percentage o f transmission was 
vory low. The virus was transmit tod to the test species of 
jlpomoea toy B. tatoaci and when this was used as the source of 
inoculum the percentage of mechanical transmission was 
con older atoly increased*

Costa and Carvalho (1960to) obtained mechanical trans­
mission of the mosaic virus of Atoutllon striatum var. 
thonpsonii when Malva narviflora and M.rotundifolia seedlings 
wore used as test plants. Mechanical transmission directly 
from A. stria turn was not successful, tout after transference 
to Sida micrantha. S.rhombifolia or M.perviflcara toy grafting 
and v/hen these plants were used as source of inoculum they 
could get successful transmission to re. parvi flora and 
II«r o tun d ifo lia , similar observations were also reported 
toy Plores and Siltoerschmidt (1967). They could not obtain



mechanical transmission of the virus when the natural 
hosts, A. thcgrpBonil and A*epurium» were used as the source 
and test plants.

Cohen and Nitsany (1960) reported a vein clearing and 
chlorosis o f cucumber from Israel which was transmitted 
mechanically and by B. tabaci. The virus was easily 
transmitted from a ll  its  ho own hosts by mechanical means.

Herold (1967) reported a mosaic disease o f .Anthurium 
androanum transmitted by B.tabacl. The virus was transmitted 
mechanically from A.anfireanum to Mcotlana clovlandii and
H.iabacum (white Burley), but hot to the original host.
Tho virus was easily tra n s it  ted by sap inoculation from 
both the species of tobacco to H.glutinooa. H. tabacumCSamsun). 
Brovrailia erp. and Phygalis neruviana.

Hciners ot a l . (1973) reported a virus disease of 
ColonQgoniua mucunoides transmitted by B. tabaci. Beans 
(Phaseolua vulaarls) infected with the virus from C. 
meunoldea by B. tabaci was used as the source o f inoculum 
for  mechanical transmission. The virus was sop transmitted 
frco infected to healthy beano, but not to the original hoot.
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Ileincrs et al. (1975) reported mechanical transmission 
of mosaic virus o f Euphorbia prunifolia and golden'mosaic 
virus of Q.mucunoides frcan infected beano to healthy beans. 
She bean plants were infected by exposure to white f l ie s  
which were allowed to feed fo r  24- hours on diseased 
E.-prunifolia or C .mucunoides. Inoculum for  mechanical
4a« w M s m w w n W M  m m

transmission was prepared in phosphate buffer o f pH 6.8 
from infected beans.

Bird et al. (1975b) reported mechanical transmission o f 
goldeii yellow mosaic virus of beans which was transmitted by
B.tabaci. Mechanical inoculation was done by preparing the 
inoculum in cold 0.1M phosphate buffer of pH 7*5* Galves 
and Castano (1975) could obtain mechanical transmission of 
golden mosaic virus o f bsaas v/hen tho inoculum was prepared 
in i>hosphate buffer at 0.1M, pH 7*5# with 1 per cent
2-mer cap t oe th an ol •

Oosta et a l . (1975)reported a golden mosaic virus o f 
tomato transmitted by B. tabaci. Che virus was also 
transnit ted by mechanical means# but the percentage of 
tranemission was very low* She virus was transmitted to 
ITlcotiana glutinosa. Phygalis ep. and Batura stramonium
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"by B. tdbaol. The percentage of mechanical transmission 
increased when the inocula were obtained from and infected 

into these plants.

Lastra and Uzcathegui (1975) reported mechanical 
transmission of tomato yellow mosaic vim s which was coma only 
transmitted by B .tabacl.

Boot and Guthrie (1978) reported the mechanical 
transmission of African cassava mosaic vim s from cassava 
to cassava by using the inoculum prepared in phosphate 
buffer o f pH 7.0 or in deionized water.

In India, Subraaanian and Narayanasamy (1978) reported 
the mechanical transmission of yellow mosaic virus o f
PollciiQB lablab. The sap was extracted in 0.1H phosphate

. >

buffer by using chilled mortar and pestle. The percentage 
of transmission ranged from 52-76 and 92-100 in the pH 
range of 6.6 -  7.2 and 7*4 -  8.0 respectively.
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MATERIALS AMD METHODS

I .  Culture of the viruses

Periodical v is its  were made to different regions in 
Kerala and the weed plants, showing obvious symptoms of 
virus diseases were collected and established in pots.

7

Cultures o f  the viruses were maintained by grafting to their 
natural hosts and kept in separate compartments o f an 
insect-proof house. They were used as source of viruses for 
further studies.

She following virus diseases affecting weeds were 
studied.

1. Yellow vein mosaic of Agora turn coniaoides 1.
2. lea f curl o f Ageratum coniaoideo 1.
3. Mosaic o f Amaranthns v ir ld ls  Ii.
4« Mosaic o f Olitoria tematea 1.
5* Yellow vein mosaic o f Croton sparejflorus Morong.
6. Yellow mosaic o f Hemidesmus indicus R.Er.
7* Yellow mosaic o f Mlorococca aerourlalla Bonth.
Q. Yellow mosaic* o f Sebastiaaia chgaaelea Hue 11.
9. Yellow vein mosaic o f Side cordlfolia 1.

10. lea f curl of Stachytarpheta indioa Vahl.
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11. Mosaic o f Stachytarphe ta Indioa Vahl.
12. Yollovr mosaic mottle of stachytarphe ta indlca Vahl* 

var* ;)amaicengia«
13. Leaf carl o f synedrella nodiflora Gaortin.

XI. Seed materials

Seeds of vegetables and ornamental plants were obtained 
from the Instructional Earza, College of Agriculture, 
Vollayanl. Tobacco seeds were supplied by the Central 
Tobacco Reseeroh Institute, na âhmundry, and the seeds of 
weod plants were collected loca lly  from healthy plants. A ll 
those seeds were sown in pots containing the standard 
potting mixture (sand, s o il  and cowdung in the rati© of 
1 :1 :2).

I l l  • SrvTTp tomatolomr

Symptomatology was studied by observing the morpholo­
gical changes in plants under fie ld  conditions and also 
by noting the reaction of the plants inoculated with the 
virus under insect-proof conditions*
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XV* granemission

■ 25ig transmission studies were conducted under 
insect-proof conditions as described feolow*-

1 „ sao transmission

Sap transraiesiomwere con ducted fey using concentrated 
sap» standard oap f sap extracted in deionised waterf in 
phosphate "buffer at room temperature and in phosphate buffer 
in the cold* In a ll sap inoculation studies 600-mesh 
carborundum powder was used as the abrasive.

Young leaves of infected plants showing typical syraptojaG 
were collected and triturated with mortar and pestle. Ihen 
i t  wsa filtered  through a fine muslin cloth and the filtra te  
was used for  inoculation.

She standard sap was prepared fey adding t ml of sterile 
d istilled  water to every g o f infected tissue used for 
extraction o f sap*

Inoculum in deionized water was prepared fey adding 
1 ml o f deionized water to every g of infected tissue used 
for extraction o f sap.
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Inoculum in phosphate buffer of pH 7*0 and 7.4 was 
prepared by adding 2 ml of 0.1M phosphate buffer o f the 
do sired pH to every g of infected leaf tissue *

Extraction o f asp in phosphate buffer in the cold was 
dene by adopting the method described by Subrsmanian and 
Hnraysnassmy (1978) with slight modifications. An enamel 
tray was f i l le d  to 3/4 of its  capacity with tap water. The 
mortar and pestle were lospt in the tray vjhicb was then 
placed in a freezer t i l l  the water was frozen. Phosphate 
buffer (0.1H) o f pH 7.0 and 7*4 was prepared and cooled 
in a refrigerator to near freezing point. Young leaves 
showing clear symptoms were excised, rinsed in iced water, 
shaken free of water and macerated in the mortar leapt in 
the ice tray with phosphate buffer at the rats of 3 ml per g 
of leaf material. The extracted sap was then filtered  
through a fine muslin cloth into a petcidish kept in an 
ice tray. She sap was immediately rubbed with a swab of 
absorbsnt cotton over the surface of the three topmost 
fu lly  opened leaves of 15 day old test plants v;Mch were 
dusted with a small quantity of carborundum powder. The 
excess sap was washed away using d istilled  water after



inoculation* She same inoculation te ehnique was employed 
in a ll sap transmission studies. Yellow vein mosaic viruses 
of Croton/ sparsiflorUB. Sida cor61foliaa lea f curl o f 
Staohytarphe ta Indies and yellow mosaic mottle o f 
Staohytarphe ta indica var.iamaicenels were transmitted 
to tcmato by grafting and by whiteflies. Attempts were then 
Dado to transmit the viruses mechanically from tomato to 
tomato and hack to their original hosts*

2* Graft transmission

Graft transmission of viruses from diseased to healthy 
plants was done by wedge grafting. >

2. Insect transmission

insect transmission studies were carried out using 
whitefHes, Bemlaia tabaci Genn. and two species of aphi&o, 
v is* , Anhis craooivora Koch, sad Antals aossypii Glor.

i ) .  utaltefly transmission

Healthy colony of whiteflies was reared on tobacco 
plants in insect-proof cages and they were used for  the 
transmission tria ls.



Plastic transmission cages designed by ftene (1972) 
were used for a ll transmission studies with whiteflies.
$ho top portion o f the seedling was introduced into the 
transmission cage in such a way that the stem passed through 
the rectangular, s l i t  on the mouth of the cage a Desired 
number o f  white f l ie s  collected in small test tubes were then 
released into the transmission cage* the sides o f which were 
covered "by a blade cloth except the wire netting which was 
facing a light source and the cap o f the cage was 
immediately screwed on. The remaining portion of the 
rectansplar s l i t  of the cage was closed with modelling 
«clay. The cages were made immobile by fixing them in 
between bamboo pegs and fastening them with rubber bands. 
After tho desired feeding period the modelling clay was 
removed and the seedling was gently tapped with a glass 
rod to disturb the whiteflies and induce them to move to 
the side o f the cage facing a light source. Both acqui­
sition and inoculation feedings were done in these cages 
and 24 hours time was given for each.

Ten seedlings (15 day old) were used as test plants in 
each case. Twenty viruliferous whiteflies were released on
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each test plant for inoculation feeding. After the inocula­
tion feeding, the insects were killed toy spraying the plants 
thoroughly with 0.1 per cent ekalux. The inoculated seedlings 
were labelled end kept in the insect-proof house. Observations 
on the appearance o f symptoms were taken daily. Spraying
with 0*1 per cent ekalux was repeated every week. The

\

experiment was repeated in each case to confirm the results.

i i ) . Minimum numtoer o f whiteflies required fo r  transmission 
of the viruses

After 24 hours, acquisition feeding a fixed numtoer 
(■*#' 2f- 3f 5, 10, 15 and 20) of whiteflies was allowed to food 
on the test plants for 24 hours* The procedure described 
above was followed for  inoculation feeding in this experiment. 
The experiment was repeated thrice in each case.

i i i )  ♦ Aphid tgangaiesion

Aphis craccivora and A.gossypii were collected from tho 
fie ld  and reared on healthy covpea.and brin^al plants 
respectively in insect-proof cages. The progenies multiplied 
oh their respective host plants in separate insect-proof 
cages were used for the studies.
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The aphids were collected by giving a gentle tap to 
the plants to disturb them from their feeding position*
The moving aphids were transferred to petri plates with the 
help o f a camel hair brash. The insects were then transferred 
to diseased plants for acquisition feeding and th© plants 
were covered with glass chimneys and placed under insect- 
proof conditions. After 24 hours o f acquisition feeding 
the glass chimneys were removed and the plants were given 
a gentle tap to disturb the feeding aphids. The moving 
viruliferoue aphids were then collected and released on 
young healthy test plants covered viith glass chimneys.
Thirty adult aphids were used for inoculation in each case. 
After an inoculation feeding period of 24 hours the aphids 
were killed by spraying 0*1 per cent ekalux. The inoculated 
plants were labelled and kept in the insect-proof house* 
Observations on the appearance of symptoms were taken daily 
and the plants were sprayed with 0.1 per. cent chainx at 
weekly intervals* The experiment v/as repeated to confirm 

the results*

a. Seed transmission

Seeds collected from diseased plants were sown in pots 
ond kept inside an insect-proof house* Hundred seeds were
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a no cl in each case. Observations on the appearance of 
syne tom a were taken up to 40 days after germination*
Seed transmission studies could not he carried out for  
yellow mosaic virus of Hemidesmus indlcus since flowers and 
seeds were not formed in any of the plant during the course of 
the present investigation.

7* Physical properties o f the viruses

Physical properties wore studied in the case o f three 
viruses* via* * mosaic diseases of Am ar an thus v lrid ip ,
Stachytarpheta indica and yellow mosaic disease* of Micrococca 
mercurialia which could he transmitted successfully hy sap 
inoculation. Tobacco plant, (white Burley) was used as test 
plant for studying the physical properties of mosaic virus of 
Stechytarnheta indica since maximum percentage of infection 
was obtained on i t .  In the other two cases their original 
hosts were used as test plants*

1) ffhormal inactivation point

She sap was extracted from infected tissues hy triturating 
with mortar and pestle. Five ml of the sap was pipetted 
into thin walled glass test tubes. Care was taken not to 
cmoar the sap on the sides of the tubes* She test tubes were
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then kept in a thermostatically controlled water "bath for 
10 minutes at the required temperature. The level o f water 
in the water hath was always kept just above the level of 
sap in the test tube* After the treatment the test tubes 
were suddenly cooled by dipping in cold water. The sap was 
subjected to different temperatures fro* 40° to 90°C at 
intervals of 5®C. The treated sap was used for  inoculating
vigorously growing 15 day old test plants. The inoculation
of the f ir s t  set of plants was done with sap treated at the 
highest temperature and then the other sets of plants were 
inoculated with sap treated at low temperatures. Ten plants 
were inoculated in each treateent and the experiment was 
repeated to confirm the results. Observations on the number 
of plants infected ware recorded.

2) Dilution end point

She sap was prepared as in tho previous case and was 
diluted with sterile d istilled  water in the ratio of 1:10* 
1:100, 1:500, 1:750, 1:1000, 1:1500, 1:2000, 1:2500 and 
1S5000 in the case of mosaic diseases o f Amoranthus v irid is  
and stachytarpheta Indioa. In the case of yellow mosaic of
Micrococoa mercurialis the sap was diluted with phosphate



buffer in the ratio of 1*10, 1:25, 1*50, 1*75 and 1:100.
The diluted sap was inoculated separately on tost plants 
o tar ting from the highest dilution. Ten plants wore 
inoculated in each set of treatment and the experiment was 
repeated to confirm the results. The inoculated plants were 
labelled and kept under insect-proof conditions end observed 
for the development of symptoms*

5) longevity in v itro

The sap was prepared as in the above experiment and kept 
in test tubes at room temperature (27-32°0) and also in a 
refrigerator (5-10°C). One tube each, containing the sap 
from each treatment was taken after specific periods, vis.#
4# 3,' 16# 24# 32, 48# 72 , 96, 120 and 144 hours and inoculated 
on the test plants. Ten plants were Inoculated in each edt 
of treatment and the experiment was repeated to confirm tho 
results* The inoculated plants were labelled and kept under 
in sect-proof conditions and observed fo r  the development of 
symptoms.

The following f i f t y  different plant species belonging 
to 12 families were tested to determine the host range o f the 
viruses.



I* Aiaaranfhaceaa
1° Amaranthua caudatua L.

2* Amaranthue gangs tlctts L.
3* Amaranthas v lrid is  !>♦
4* Celoala crlst&ta L*
5. Gomphrena globosa L*

II* Asclepladaceae
6. Healaoemus indicua R.Br#

III , BaXasanslnaceae
7* Irapatiena fralaaraina I*

IV. Conrnogitae
8. Aaeratum oonlgoldefl I< •
9. Dahlia pinnata Cav*

10* svnedrella nodi flora  Gaertin.
11 • Zinnia ole gems Jaoq.

V. Cucurbit ace ae
12* Benincaea higpida Cogn*
13o Cl tea Hue vulgaris schrad.
14* Cucurbits maxima L*
15* Cusurbita pepo L* var. con dens a 
16. Cucumia aativus D*



17* Lalfa acutangala Roxb.
18. Trlchosanthes anguina L.

VI. Bunhorblaeeafl
19. Pro ton soars! floras Morong*
20. Hanihot esculents Crants.
21 • Microcooca mercurlalls Benth.
22. Sabasttanla chamaelea Hue 11.

VII. Lesaiaisooae
23* Can avails ensiforals B.C.
24. Cyamopgls tetragon oloba (L .) Taub*
25. Dolichog blflorae 1.
26. Glyolne max (L.) Herr.
27* Phaseolus aureus (L.) Roxb.
28. Phaseolus mango (L .) Roxb.
29# Vlgna sinensis ( l . )  savi.

T i l l . Malvaceae
30. Abelmosehas esculentas (I>.) Iloeach
31. Hiblcas rogaalneasia L»
32* Sida oarplnlfolla L.
33* Sida cordlfolia  1.

IX. Pedallaceaa
34* Sesamum in elleum L.



X. Saaifragaoeae
35. Hydrangea hortensis D.C*

Xt. Solanaeeaa
36. Capsicum annaam L.
37. Datura me te l B.O*
38. Datura stramonium L.
39• Lycooerglcon eeculenturn M il*
40* nicotians taoaeam L. var* &/hite Barley 
41* Hlcotlana tabacam L. var. Ssmsma 
42* Hi cot lan a gluttnosa L*
43* Petuina hybrlda Vi In.
44* Phygalia minima L.
45* Solatium melon gena I».
46* solanum-nigmn. 1.
47. Solanum torvum L*

XII* Yerbenaeeae
48. han tan a camara L*
49* Staohytarphe ta indlca Vahl,
50. stachytarpheta indica vahl var*,1amaicenBis

t

$he viruses which showed positive results in host range 
studios were back inoculated to their original hosts to ascer­
tain that they again produced the original symptoms.
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I . Symptomatology 

1 * Yellow vdln mosaic o f Ageratum eonigoidea

The symptoms appeared as vein clearing on the newly 
formed leaves followed by yellowing of the veins* In most of 
the diseased plants the leaves exhibited a typical yellow 
vein mosaic with e l i c i t  thickening of the veins on the abaxial 
surface o f  the leaves* In some plants the yellowing o f the 
veins became intense and i t  spread to the interveinal areas 
allowing yellow mottling (Plate I ) .  In severe easeB a ll the 
leaves became almost completely yellow in colour. Affected 
plants were considerably stunted but flowering and seed 
setting were not much affected,

2, Loaf curl of Agaratam eonigoidea

She In itia l symptoms started as mild vein clearing o f the 
young leaves and at a later stage curling and cupping were 
seen. The leaves were thick# b rittle  and leathery and the 
veins became thick which where more discernible on tho 
Gbosvi&l surface o f  the leaves. In sevdre cases o f infection 
tho leaves became very small in size which were crowded as 
a bunch at the top due to shortening of interned©s* The



Healthy Dlpaood
* late No*1 Yellow vein mosaic of AearatAg fippiaol^i

Healthy Diaeaaed
H a te  No.2  Loaf cu rl o f  A cer*tin  cffnlsoldgJI



affected plants were severely stunted and flowering was 
almost completely inhibited (Plate 2) •

3. Mosaic of Amaranthus vlridia

She symptoms appeared as mild vein clearing o f the young 
leaves. This was followed by mild chlorosis of the leaves 
and la ter, characteristic mosaic symptoms developed. Downward 
ro llin g  of the leaf mar gin 0 and reduction in the sis® o f tho 
leaves were also seen. The affected plants became severely 
stinted and the inflorescence was short and reduced in 
sise (Plate 3) •

4. Mosaic of C lltorla tern a tea

The symptoms appeared as alternate pale and dark green 
irregular areas on ihe newly formed loaves to give a typical 
mosaic pattern. Blistering, downward ro llin g  of margins and 
crinkling of the leaves were the other important symptoms.
She trifo lia te  leaves were considerably reduced in eise, 
the vji&tfa being reduced to about 4 o f the normal lamina.
The length of the vino was considerably reduced (Plate 4) .  
Flowering was not affected but the seeds were malformed and 
shrivelled, sometimes pods without even a single normal 
seed were also found*



Healthy Diseased
late ilo*3 r.ooaie of Aparanthas Tlrldla

Healthy Diseased

Plate !Io*4 Mosaic of C litoris  tern a tea
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D. Yellow vein mosaic of Croton BParsiilorag

Tho in it ia l symptoms appeared as vein clearing of the 
young laaves which later developed into characteristic 
yellow vein mosaic symptoms* ihis was follovjed "by curling* 
cupping and reduction in size of lamina and thickening o f 
voina on tho at axial surface of tho leaves* 2he affected 
plants wore severely stunted "but flowering and fruiting 
were not affooted much (Plats 5)* Plants with csnly one 
branch or part o f a branch showing the disease symptoms 
wex*e also observed under fie ld  conditions* Sometimes the 
tender shoots were pale yellow in colour.

6. Yellow mosaic of HemldesDus indicus

I'he in it ia l symptoms appeared as circular or irregular 
chlorotic spots on the young leaves. She ohlorotic spots 
spread in between the veins and veinlets. As the disease 
progressed the colour o f these spots turned deep yellow 
and they coalesced to form bigger patches on the lamina.
She loaves were considerably reduced in size and showed 
varying degrees of distortion o f the lamina (Plate 6) .  The 
.tender vines became pale yellow in colour and the length 
of the vines was reduced considerably.



Healthy Diseased
late flo.5 Yellow rein Mosaic o f Croton n>argl floras

Healthy Diseased
Plate Mo.6 Yellow mosaic of Itpaidagaua



7. Yellow mosaic of Mlerococca mereurlalia

She symptoms appeared os small circular, oblong or 
irrogalar yellow spots on the legf lamina near the base.
The veins and vein lets turned yellow in colour* In the in itia l 
stages the spots were limited by the veins and later spread 
as a broad band of chlorotic tissue* In advanced stages these 
spots became bright yellow, coalesced and gradually the whole 
leaf turned yellow* She leaves became small and occasionally 
cup shaped by the slight inward ro llin g  of the margins(Plate 7)- 
Shortening of the internodes, premature defoliation and 
shedding of flowers also occurred. She affected plants were. 
severely stunted. Masking of symptoms was observed under 
reduced light intensity.

8. Yellow mosaic o f Sebaptiania ohamaelea

She symptoms appeared as small circular or irregular 
yellow spots near the base or margin o f tho young leaves. 
i'alG green and deep yellow areas alternated on the lamina 
showing the characteristic symptom o f yellow mosaic. The 
veins and veinlets turned yellow and in advanced cases the 
colour o f a ll the leaves turned almost complete yellow.



Healthy r>i*oe«o4
Plato Bo. 7 Yollow aosaic o f ttlorococcs u»gcurlalla

Hoaltfay Dlsoaood
i l a t e  H o .8  Y e l l o w  n o e a i c  o f  Setae t l n n l a  chacnelea
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Rolling of the margin o f the leaves also occurred* In soma 
cases localised cupping of the leaves was observed which 
appeared as galls when viewed from the abasia! side o f  the 
leaves. The size of the leaves was considerably reduced 
and the plants were stunted (Plats 8) .  Flowering and 
fru iting were also reduced.

9. lellow  vein mosaic o f Sida cordlfolia

The symptoms appeared as circular or irregular chlorotic 
spots on the young leaves of infected plants* The leaves 
lotor showed typical yellow vein mosnic pattern often 
followed by a general chlorosis of the leaves. Thickening 
of veins and development o f enation v/ere observed. Curling 
and cupping were also found associated with the yellow vein 
mosaic symptom (Plate 9). Plants with only one branch or 
part of a branch showing symptoms were also frequently 
observed In the field* The plants were stunted in growth* 
but flowers and fru its were not much affected. The yellow 
vein mosaic symptoms were masked under conditions of reduced 
light intensity.

10. le a f curl of S taohy tarphe ta indlca

The symptoms f ir s t  appeared as mild curling of tho young 
leaves. This was followed by severe curling and cupping



Healthy DIsbomA
let# 7o*9 Yell a/ rein ■osaic of si da cordlfolia

Healthy Llaeaoed
late Ho. 10 Leaf curl of S tachytarnha ta indlca
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of the leaves. She leaves became thick, leathery and 
b r itt le . In advanced stages of infection the leaves became 
very email in sise. 2he affected plants were severely 
stunted and showed bending of the splices* She length and 
else o f tho spikes wore also reduced (Plat© 10)*

1 1 0 Hooaic of Stachvtamhe ta indica

Irregular ehlorotio patches with light and dark green 
shades were f ir s t  observed on the young leaves. Later the 
chlorotie patches faded and characteriatic mosaic symptoms 
appeared. (This was followed by upward rolling  o f the leaf 
margins and the formation o f raised blisters on the adaxial 
surface o f  the leaves. In severe cases of infection the 
leaves were considerably malformed and reduced in sise and 
filiform  in shape. £he plants were severely slanted* ®ie 
spikes became very thin and the flowerB were sparsely 
distributed on them (Plate 11). Premature drying and shedding 
of the flowers were also observed.

1 2 . Yellow mosaic mottle of staohytarphe ta indica var*
,1 a m a ie e n a lg

fho symptoms appeared as circular or irregular chlorotie 
Spots intermingled with dark green areas on the young leaves*



Healthy biseasad
i late Ho.11 Mosaic of Stachytar.^e ta Indies

He althy Di se ase d
..late :lo.12 Yellow mosaic dottie of r.tachytaruhota in^: ™
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'Big veins and vein le t a turned yellow in colour* Bigs* 
chlorotic spots later coalesced to foim large yellow patches 
covering almost the entire lamina* Thio was followed by 
dovnward rollin g  of the leaf margins, mottling and 
distortion o f  the leaf blade* The plants wore severely 
stunted and showed bending of the spikes. The length and 
sise o f  the spikes were also reduced (Plate 12)*

V5* lea f curl of svnedrella nodiflora

The in it ia l symptom of the disease started as mild vein 
clearing o f the young loaves. As the infeetion progressed the 
leaves were reduced in sise v?ith general stunting of the 
plant. The leaves showed curling and in some cases tho leaf 
margins were chlorotic. The young leaves v/ere pale green in 
colour* The older leaves were dark green, thick, leathery 
and brittle  (Plate 13). The veins were thickened on the 
abasial surface of the leaves* In the affected plants the 
production o f flowers and fru its was not much affected.
II. Transmission

The results of different methods of tranauission are 
presented he low i-



Heal hy Diseased
ylctc Ho. 13 Leaf curl o f svpedreUft ,nofoff3t?8a

  H e a lt h y  Diseased
late llo. 14 syoptoae o f  yellow aoeaie dare loped on {ilcroooccft 

lae^carlallB by sap inoculation



44

1, Seep transmission

Among the 13 viruses studied only 3 viruses were sop 
transmissible• vis** mosaic o f Anaranthus v lr ld ls . mosaic 
of stachvternheta indica and yellow mosaic o f Hiorococca

f

mercurialise*

i ) . Mosaic virus o f Am ar an thus virid ia

Symptoms of the virus infection appeared on test plants 
10 -  14 days after inoculation with concentrated sap, She 
percentage o f transmission was 90, In the plants inoculated 
with standard sap„ symptoms appeared after 12-15 days of 
inoculation and the percentage of transmission was 70.
'/hen inoculated with the sap extracted in deionized water 
symptoms developed 1 2 - 1 5  days after inoculation* The 
percentage of transmission was 65. Symptoms of the disease 
appeared 1 0 - 1 2  days after inoculation with the sap 
extracted in phosphate buffer o f pH 7*4 and the percentage 
of tranaalssion was 90 (Table 1)*

i i )  • Mosaic virus o f gtachytarnheta indica

Symptoms of the virus infection developed on teat plants 
0 -  10 and 9 - 1 2  days after Inoculation v;ith concentrated sen
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and standard eap respectively. She percentages of trans­
mission *jere 60 and 40 respectively# When inoculated with 
the asp extracted in deionised water the symptoms cppeared 
1 0 - 1 2  days after inoculation and the percentage o f trans­
mission was, 50. In the plants inoculated with the sap 
extracted in phosphate buffer o f pH 7.4 the symptoms appeared 
G- 1 0  days after inoculation. (The percentage o f transmission

i

Yjas 90 (Table 1 ).

i i i )  • Yellow mosaic virus of Micro cocoa mercurlalla

Inoculations with concentrated cap, standard sap and 
cap extracted in deionised water wore not successful. She 
virus was sap transmissible only yjhen the sap was 
extracted in phosphate buffer (Plate 14). In the plants 
inoculated with the sap extracted in phosphate buffer of 
pH 7*0 and 7«4 at room temperature the symptoms developed 
10 -  12 days after inoculation. The percentages of trans­
mission v/ere 40 and 60 respectively, When the plants were 
inoculated v/ith the sap extracted in phosphate buffer of 
pll 7*0 and 7.4 in the cold the symptoms developed 9 - 1 1  
days after inoculation. The percentages of transmission 
wcrq SO and 90 respectively (Table 1).



Table 1
Sen? transmission ocf the viruses

Concentrated aqp
Standard sap
Sap extracted in deionised water
Sap extracted in ohoomhato buffer 
o f pH 7*0 at 27-32°C.*
Sep extracted in ohosphate buffer 
of pH 7*4 at 2.7-32°C.
Sep extracted in phosphate buffer 
o f pH 7.0 in the cold
Sap extracted in phosphate buffer 
of pH 7.4 in the cold

Mosaic of Mosaic of Tellcn; mosaic of
Amarsnthua stachytamhe ta Microoocca
v lr ld is  Indioa merburialig

In cuba- Per Ineuba- Per Incuba- Per
tion cent tion cent tion cent
period tranesnl- period transni- period tranoiai
in days seion in days salon in days os ion

10-14 90 8-10
12-15 70 9-12
12-15 65 10-12

* *• *

10-12 90 8-10
«■ a *

* * #

* Hot attempted

60 ITil nil
40 nil nil
50 ITil Uil

* TO-12 40

90 10-12 60

* 9-11 80

# 9-11 90

03
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2 . Graft transmission

All the 13 viruses were transmitted "by grafting.
Symptoms of yellow vein mosaic virus end leaf curl virus 
infections appeared in Ageratum conlsoidea, 12 -  14 end 
1 0 - 1 2  days respectively after grafting. Ehe percentage 
of graft transmission was 90 in.both cases* In the ease 
o f mosaic of Amaranthus virid iB * mosaic o f C litoris tsmatea* 
yellovi vein mosaic of Croton snarsiflorus* yellow moo ale of 
Honidesmug inflicus and Microoocca morcurlallq the symptoms 
appeared 12 -  14* 20 -  2 2* 15 -  17* 19 -  21 and 13 -  15 days 
respectively after grafting* Ehe percentages of transmission 
vjero 60 9 50* 100, .60 and 100 respectively. In yellow mosaic 
°£ Sobastiania chainaelea and yellow vein mosaic o f  Sida 
cordifolia the synptome appeared 11  -  15 and 13 -  15 days 
respectively after grafting. ,$he percentages o f trans­
mission were 90 and 100 respectively. Symptoms of leaf 
curl of staohytarphe ta indica, mosaic o f staohytarphe ta 
indlca and yellow mosaic mottle o f stachytarpheta indica var. 
rismaicenais appeared 20 -  22 , 12 -  14 and 17 -  19 days 
respectively after grafting mid the percentage of 
tranaalseion was 100 in a ll  the eases. In Synedralla 
nodiflora symptoms o f lea f curl appeared 18-20 days
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after grafting and 100 per cent graft transmission was 
obtained (Sable 2) .

3. Insect transmission

Out o f the 13 viruses studied 8 were transmitted by 
w hiteflies, Bemiela tabaoi Genn. and 3 by aphids, Aphis 
craccivora Koch, and Aphis gosaypll Glov. In the case of 
2 viruses, v i s . ,  yellow mosaic of Hemldegmua indlcus and 
Sobastiania chemaelea insect transmission tria ls  were not 
successful.

i ) . ijhitefly transmitted viru as b

She following viruses were transmitted by whiteflies.

1* Yellow vein mosaic o f Ageratam conizoides 
2. Loaf curl o f  Ageratum conlzoideg 
3* Yellow vein mosaic of Croton sparsiflorus
4 . Yellow mosaic o f Mlcrococca mercurial!a
5. Yellow vein mosaic of Si da cordlfolia
6. Leaf curl of Stachytarphota indlca
7* Yellow mosaic mottle of stachytarpheta indlca var. 

,1 amaicensig
8. Leaf curl of Synedrella nodiflora



Table 2
Graft transmission o f the viruses

Incuba-

ITcrc of the virus diseases
ticm
period 

(in days)

Percen­
tage of 
transmi­
ssion

Yellow voir mosaic of Aeeratum conizoid.es 12 - 1 4 90

Leaf curl of Aceratma eonisoides 1 0 - 1 2 90

Mosaic of ad acanthus v irid is 12-14 60

Mosaic o f ©litcrie. tern ate a 20-22 50

Yellow vein mosaic c f  Croton soareiilorus 15-17 100

Yellow mosaic o f Hemidosmus indicue 19-21 80

Yellow mosaic o f Microeocca mercurialis 13-15 100

Yellow nosaic o f Sebastianla checeolea 11-13 90
Yellow vein mosaic o f Sida cordifolia 13-15 100

lea f curl of Stachvtarnhota indica 20-22 100

Mosaic of Stachytamheta indica 12-14 100

Yellow mosaic mottle o f staohvtamhsta indica 
var, rlsmaicenBis

17-19 100

loa f curl of Synedre 11a nodiflcra 18-20 70
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Symptoms of yellow vein mosaic virus and lea f curl 
virus disease of A.cogigolflas developed 11 -  14 nnd 13 * 15 
days after inoculation with viruliferous whiteflies* In 
yellow vein mosaic o f Croton Bparolfloras. yellow mosaic of 
lUcrocoQca mer curl alia and yellow vein mosaic o f  Sida 
cordlfolia  the symptoms appeared 14 -  16# 15 -  17 and 15 -  1B 
days respectively after inoculation with whiteflies* In leaf 
curl o f stachvtarphe ta indlca* yellow mosaic mottle of 
Stachvtarnheta in die a var * .1 ataaicensia ana loa f curl of 
S'modreHa nodi flog  a the symptoms appeared 21-23 * 20-22 
and 16-18 days respectively after inoculation with whiteflies* 
In a ll the above tria ls 100 per cent transmission were 
obtained when the plants wore inoculated with 20 viruliferous 
whiteflies (fable 3)*

± i) . Minimum number o f whiteflies required fo r  tranamlsalon
of the virubob

Out of the 8 whitefly transmitted viruses. 6 were 
transmitted by a single viruliferous whitefly, Bemlaia tabaci. 
They are yellow vein mosaic of Ageratam con is  aides (Table 45 

Fig.1) ;  lea f curl of Ageratum conigoides (Table 5: Pig. 2)5 
yellow vein mosaic of Ctexfton snarsiflarug (Table 65 Fig.3 );



Table 3
Whitefly transmission of the viruses

Hama of the disease

Yellow vein mosaic of Ageratum conlsoldeg
lea f curl o f Aeeratum conlgoidee
Yellow vein mosaic of Corton sparolflorus
Yellow mosaic of Hicrococca mercurialls
Yellow vein mosaic o f Si da cordifolia
lea f curl o f staohytarphe ta indlca
Yellow mosaic mottle of stachvtarpheta indica 
var. .iemaicensia
lea f curl o f Synedrella nodiflora

Incuba­ ■:'orcon-
tion t aco of
period tronsmi-

(in days) soion

11-14 100

13-15 100
14—16 100

15-17 100

13-18 100

21-23 100
20-22 100

16-18 100
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leaf curl of staehvtarpheta indiea(Table 9* Fig®6 )jyellow 
mosaic mottle o f staohytarpheta indioa var* .iameiesnsia 
(Table 10f Fig*7) and leaf curl of ssnedrolls nofliflora 
(Table 11; Fig*8 ). The minimum number o f whitafliea required 
for successful transmission o f yellow mosaic of Mlcrococca 
mercurlalls (Table 71 Fig*4) and yellow vein mosaic of Sida. 
cordlfolia  (Table 8f Fig.5) was found to be two*

In loaf curl of A* eonlEoid.es ■ yellow vein mosaic of . 
C.goarslflorus* lea f curl o f S* indioa and yellow mosaic 
mottle o f g* indlca var*.lamaica nets 10 viruliferous white f l ie s  
were required to obtain 100 per cent transmission. Fifteen 
wbitoflies were required for 100 per cent transmission ,of 
yellow vein mosaic o f A.conisoides* In yellow mosaic o f 
I'l.Dorcarlalis, yellow vein mosaic of Sida cord lfo lia  and 
leaf curl of Svnedrella nodiflora 20 viruliferous whi to f l ie s  
were necessary for  100 per cent transmission*

i l l ) . Aphid transmitted virusea

Mosaic viruses of Am ar an thus v ir id ia * Oil tori a tern a tea 
and 3 tachy tarpheta Indies were found to be transmitted by 
both the species of aphids tried, v iz* , Aphis craccivora 
and Aphis possypli.
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lluiabcr o f viruliferous whiteflies and per cent tranmieeion 
o f yellow vein aosaie o f Amsabm coniEolaee

Sable 4

Number of plants infected Per cent
liuabe- o f Humber oi plants inoculated transmi-w n i t e f U o e --------------- ----------------------------------aslon
per plant j  I2 i n  Total

0 0/8 0/12 0/10 0/30 0.00

1 4/12 4/12 3/10 11/34 32.35
2 3/10 6/15 4/10 13/35 37.14
3 6/12 5/13 6/10 7/35 48.57
5 8/14 6/13 7/10 21/37 56.76

10 10/10 12/15 8/10 30/35 85.71
15 10/10 15/15 10/10 35/35 100.00
20 15/15 13/13 10/10 38/38 100.00

„ n r w w
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Sable 5
ITumcor cf viruliferoUB whiteflies end ■fee per oent 
transmission o f leaf curl of Ageratmn conizoidog

Number of pleats infected Per oent
tratisml-

WuiQber of plants inocnls+ec! so ion
I IX III Sotal

W W I M I I l  ■  '■

0 0/10 0/15 0/10 0/35 0.00
1 2/10 4/15 2/10 8/35 22.86

2 4/12 4/13 3/10 11/35 31.43
**/7 5/13 5/12 4/10 14/35 40.00

5 10/15 7/12 7/10 24/35 64.86
10 14/14 13/13 10/10 37/37 100*00

15 13/13 12/12 10/10 35/35 100.00
20 16/16 14/14 10/10 40/40 100.00
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Eafcla 6
liaabsr of viruliferous whitefiles and per cent 
transmission of yellow vein mosaic of Crotcn

sparsl f l orua* I < P >11 I. I

Hunter of EuaLsr of plants infected Per cent
s * . i  transmi1"

her plant number o f .plants inoculated osion

W  W  IBf

X II III Total

0 0/10 0/12 0/10 0/32 0.00
1 2/10 3/12 2/10 7/32 21.88
2 3/13 3/10 2/10 S/33 24.24
3 5/12 6/13 4/10 15/35 42.36
5 9/13 8/12 8/10 26/35 74.29

10 13/13 12/12 10/10 35/35 100.00
15 12/12 14/14 10/10 36/36 100.00
20 14/14 16/16 10/10 40/40 100.00

■  ■■.. ■ ■ - . ■ ■ ■ M M H l W I M i , - n  ,- I W m M M M ' w a w i
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Table 7
Humber of viruliferous whiteflies and the per cent 
troii Emission of yellow mosaic of Mlorocoeca mor curl alls

Ilumber of 
wfc&io flies- 
oer mlant

Humber of plants infected Per cent
tranami-

Humber of plants inoculated esion
I II III Total

» t o m

0 0/10 0/12 0/10 0/32 0*00
1 0/15 0/15 0/10 0/40 0.00
£ 2/15 1/12 2/10 5/37 13.51
3 3/14 4/15 4/10 11/39 23*21
5 5/15 6/12 5/10 16/37 43*24

10 8/13 9/15 6/10 23/38 60*53
13 13/15 9/12 8/10 30/37 81.08
20 15/15 15/15 10/10 40/40 100.00



P 
Ef

t 
CI

S 
NT

 
T 

IR
AK

IS
 

tv
M

SS
K

SN
□ H EALt W V PWANTa IKIPCCTEO PLANTS

1̂ ,______________________  n u m b e r .  O P  W H I T E P L I E S  P E R  P ^ A N T   ---------------------------

R |<3 ' *=3- T R A N S M I 3 SIOM O R  Y E L . 1_©\aI MOSAIC. VI R.US OR? /^'cAocfleca.



Table 8
Humbor o f viruliferous wkiteflieo and per Gent 
transmission o f yellow vein mosaic of Sida cordlfolia

Humber of Humber o f  plants infected Per cent
vjhiteflies - - - -  -  —   ---- -  -  -  -  transmi-
per plant Humber of plants inoculated ssion

1 II III Total

0 0/12 0/13 0/10 0/35 0.00
1 0/14 0/16 0/10 0/4Q 0.00
2 2/15 3/15 2/10 7/40 17.50
3 3/14 5/16 4/10 12/40 30.00
5 8/15 5/13 6/10 19/38 50,00

10 10/15 9/14 8/10 27/39 69.23
15 11/14 12/16 9/10 30/40 79.00
20 15/15 14/14 10/10 39/39 100.00
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number of viruliferous uhitsfllee and the percent 
transmission o f leaf curl of Stachytamheta lndloa

Table 9

Humber of Number of plants Infected Per cent
vniiteflieo transmi*
per plant Humber of plants Inoculated salon

I II III . Total

0 0/12 0/13 0/10 0/35 0*00
1 3/14 5/12 2/10 8/36 22.22
2 4/13 5/15 4/10 13/38 34.21
3 7/15 9/15 6/10 22/40 55.00
5 9/14 11/16 S/10 28/40 70.00

10 15/15 15/15 10/10 40/40 100.00
15 13/13 12/12 10/10 35/35 100.00
20 16/16 12/12 10/10 38/38 100.00
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Ealjle 10
ITmnbor of viruliferous whiteflies and the per cent
uL'ansmissioo o f yellow mosaic mottle of 
stadivtarphe ta indioa var* .1 aaaleensia

Number of plants in footed Per centnoaher o£ w h i t e - ---------- -------------------------------  trenemi-
j:—os per plant jjumher of plants inoculated eolon

I 11 III 2otd

0 0/13 0/12 0/10 0/25 0*00
1 4/15 5/15 3/10 12/40 30*00
2 5/12 6/16 4/10 15/38 39.49
3 7/14 0/13 6/10 21/37 56*76

5 10/15 9/15 8/10 2.8/40 70.00
10 14/14 16/16 10/10 40/40 100.00

15 13/13 12/12 10/10 35/35 100.00
20 16/16 13/13 10/10 39/39 100.00
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Table 11
Humber of viruliferous whiteflies and the per cent 
bran emission of leaf curl o f Synedrella nodi flora

Hmfter o f _ P laita_infeotea _ _ Por ccni

Haortle3J o f plaats tocaxlatsa.

I
■ w w f t w w w  w a m w t

II III Total
D a f e t » d » « M A * < « w

0 0/15 0/15 0/10 0/40 0.00
i 3/14 2/15 2/10 3/39 20,51
2 4/15 3/15 4/10 11/40 27*50

3 6/16 5/12 4/10 15/38 39*47
3 7/15 3/15 6/10 21/40 52.50

10 8/14 9/15 8/10 25/39 64*10
15 10/15 12/15 8/10 30/40 75*00
20 15/15 15/15 10/10 40/40 100.00
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'Hie mosaic virus of A.virld la  v/ao transmitted toy Aphlo 
cracoivara and A,goasypll and tile percentagesof transmission 
uerd SO and 30 respectively. The symptoms developed 14—16 
end 11-13 days respectively after inoculation with the 
viruliferous aphids (Table 15),

In 0. tern a to a the symptoms of mosaic eppeared 20-23 days 
after inoculation with viruliferous A.craccivora and A. 
fioosyoif. The percentages of tran emission were 100 and 70

t , i

respectively.

The mosaic virus of s . indioa was also transmitted fey 
A,craccivora and A.gossypii and the percentages of transmission 
were 60 and 40 respectively. The symptoms developed 1 2 - 1 4  
and 1 3 - 1 5  days respectively after inoculation with the 
apMda (Table 16),

4* seed transmission' r

Hone of the 12 viruses tested wag found to be transmitted 
through seeds, Tho plants did not show any symptom of the 
disease up to 40 days o f growth, indicating that the viruses 
oro not transmitted through seeds.



III . Physioa! properties of the viruses

1. Mosaic virus o f Amaran thus virld ia

i ) . Dilution end point

She dilution end point of the virus was found to he 
"between 1:1500 and 1 :2000.

In control (concentrated sap) 90 per cent of the test 
plants "became infected. She percentage of transmission 
decreased when diluted sap was inoculated on the test plants. 
’When the dilution was 1:500 the percentage of transmission 
was 30 and further reduced to 15 and 8 when the dilutions 
vjere 1 *1000 and 1:1500 respectively. There was no infection 
at dilutions 1:2000 and above (Table 12).

i i ) . Thermal Inactivation point

The thermal inactivation point o f the virus was found to 
be between 55 and 60°C.

The percentage o f transmission was 80 when concentrated 
sap at room temperature (control) was used fo r  inoculating 
the test plants. The percentages of trananiasion were reduced 
when the sap treated at higher temperatures was used for



63

Physical properties of the mosaic virus of 
Am area thus v lr i dig

Sable 12

Dilution Gild 
point

Dilution Per cent 
transmi­
ssion

Thermal inactiva­
tion point

Temp • 
°C.“

Per cent 
transmi­
ssion

Longevity in v itro

Age of Per cent transmi- 
the sap Bsicm
hours At room At

temp* 5-10°C 
(27-32°C)

Control 90 Control 80 Control 80 *

1: 10 60 40 60 4 70 70

It 100 40 45 40 8 50 60

1 s 500 50 50 30 16 40 50

1: 750 20 55 20 24 30 40

181000 15 60 0 32 20 ' 40
181500 a 65 0 48 10 20
1:2000 0 70 0 72 0 10
182500 0 75 0 96 0 0
1*5000 0 80 0 120 0 0

85 0 144 0 0
90 0 168 0 0
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Inoculation, when tho temperature was increased to 40> 45 
50 and 55°0 tho corresponding percentages o f transmission 
vjere 60, 40, 30 and 20 respectively. Shere was no transmission 
when the sap used for inoculation was treated at 60®C and 
above and the test plants remained completely healthy 
(Eable 12).'\

i i i ) .  Longevity in vitro

9!lie longevity in vitro o f the virus at room temperature 
was found to be between 48 and 72 hours and that at 5'-10°C, 
"between 72 end 96 hours.

Eighty per cent of the test plants became infected in 
the control whereas the per cent transmission v/as 70 when 
the sap was inoculated after 4 hours of storage both at 
rocs temperature as well as at 5-10°C. After 8 hours of 
storage at room temperature and at 5-10°0 the percentages of 
ironemission were 50 and 60 respectively, when the duration 
of storage was increased to 16, 24* 52* 48 end 72 hours the 
corresponding percentages of transmission at the two sets o f 
temperatures were 40 and 50 * 30 and 40, 20 and 40, 10 and 20 
and sero and 10 respectively. Shere was no transmission when



the gap was stored for 72 hours or mors at room temperature 
and for 96 hours or more at 5ra10°C (Table 12)«

2. Hoealo virus of staohytarphe ta lndioa

I ) .  Pilutlon end point

She dilution end point of the virus v/es found to he 
between 1:750 end 1s1000*

Vflien concentrated sap (control) was used fo r  inoculation 
100 per cent tranfission  was obtained* She percentage o f

i >

trangaiesion decreased when diluted sap was used for inocula­
tion* The percentages of transmission were 80, 50, 30 and

* * ■

20 at 1:10, 1:100, 1:500 and 1:750 dilutions respectively*
At 1:1G0Q dilution and above there was no Infection and the 
test plants remained completely healthy (Table 13).

I I ) . Thermal Inactivation point

The thermal inactivation point of the virus was found to 
he between 70 and 75®0*

The percentage o f transmission was 100 in the control, 
eflien the temperature was increased to 40 , 45 , 50 , 55, GO, 65 
and 70°C the corresponding percentage of transmission were
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Physical properties of the mosaic virus 
o f Stachytarpheta ipflica

Table 13

Dilution end 
poinivfc

Thermal inactivation 
point

Longevity in v itro

Dilation Per cant 
transmi-

Tcmpera- Per cent 
tare °C transmi-

AgS Of 
the sap

Per cent -branemi­
ssion

osion ssion in
hours At room At 

tempi* 5-10°C 
(27-32°C)

s

Control 100 Control 100 Control
W r w T f  -

100
1t 10 80 40 80 4 •too 100
1S100 50 45 70 8 80 100
1*500 30 50 50 16 60 80
1:750 20 55 40 24 40 60
1:1000 0 60 20 32 40 50
1 *1500 0 65 10 48 20 40
1*2000 0 70 8 72 0 20
1*2500 0 75 0 96 0 10
1:5000 0 80 0 120 0 0

85 0 144 0 0
90 0 168 0 0
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GO, 70 , 50 , 40 , 20, 10 and 8 respectively* There was no 
transmission v/hen the sep treated at 75°C and above was 
used for inoculation ana the test plants remained completely 
healthy (Table 13).

i l l ) . longevity In vitro

The longevity in v itro  of the virus at room temper store 
was found to he he tween 4S and 72 hours and that at 5-10°C 
he toon  96 and 120 hours.

When the sap at room tempera tire (control) was 
Immediately used for inoculation 100 per cent transmission 
v/ao obtained. The percentage of transmission was 100 even 
after the sap was stored fo r  4 hours, both at room temperaturo 
as weH aa at 5-10°C. When the duration of storage was 
increased to 8, 16, 32, 48, 72 and 96 hours the corresponding 
percentages of transmission at the two sets o f  temperatures 
were 80 and 100 ,  60 end 80 , 40 and 60, 40 and 50, 20 and 
40, ssro and 20 and aero and 10 respectively* The virus lost 
Its in fectivity  v/hen the gap was stored for 72 hours or ■ 
moro at room temperature and for 120 hours or more at 
5-10°C (Table 13).



3*. Yellow mosaic virus of Mlcrococca mercurlalig

i ) ,  Dilution end point

I t  has been found that the dilution end point of the 
virus was between 1:10 and 1 :25*

V/hen the sep extracted in phosphate buffer of pH 7.4 
(control) was used for  inoculation of the test plants, 60 
per cent transmission was obtained. At 1:10 dilution, 20 
per cent of the inoculated test plants were found to be 
infected. There was no infection at 1:25 dilution and above 
(Table 14),

i i ) . Thermal inactivation point

The thermal inactivation point o f the virus was found to 
bO'between 50 and 55°C.

l/hon the sap at room temperature (control) was used for 
inoculating the. test plants 60 per cent transmission was 
obtained. Whon the temperature was increased to 40., 45 and 
50°C tie corresponding percentages of transmission were 40,
50 end 10 respectively. There was no infection v/hen the sap 
treated at 55°G and above was used for inoculation (Sable 14).
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Physioal properties of th© yellow mosaic virus 
o f Flicrococca mnroiarialiB

Table 14

Dilution ond 
point

Thermal inactiva­
tion point

Longevity in v itro

Dilution Per 
cont 

trans­
mission

Tempe- Per cent 
rature transmi- 
°0 ssion

Age of 
the ssd 
in
hCtlTG

Per cent iran emission

At room 
temp. 

{21-32* G)

At : 
3-1 Q°C

Control 60 Control 60 Control 60 •  •

m o 20 40 40 4 30 50

15 25 0 45 30 8 20 30
1:50 0 50 10 16 0 20

1:75 0 55 0 24 0 10
1:100 0 60 0 32 0 0

65 0 52 0 0
70 0 48 0 0

75 0 72 0 0
SO 0 96 0 0
85 0 120 10 0
90 0 144 0 0

163 0 0
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Table 15
Aphid transmission of the mosaic virus 

of Amaranthae virlflig

Gpccico of plants 
du sc op t i t le  to the 
mosaic virus 
isolate

Aphis craccivora Apliis goaaypii

Incuba­
tion 
period 
in dayn

Per cent Incuts- Per cent 
transmi- tion transmi­
ssion. period ssion 

in days

/snoronthus caudatus 14-16 00 11-13 ■ £50
Amsranthus Ran to t i  cue 13-16 70 12-14 80

Amorsnthue v irid io 14-16 80 11-13 90
Celooia cristata 15-17 50 13-15 60
Gass hr en a ^lotoaa 14-17 50 12-15 50



Table 16
Aphid tranEmission of the mosaic virus o f stachytarohe ta indica

Species of plants susceptible to 
the mosaic v iru s. isolate

Aohis cracelvora Aphis

Incubation Per cent Incubation Per cent 
period in transmi- period in transml- 
days esion days ssion

Ponincasa Mspida 11-13 50 ITil n il
Cucunin sativus 11-13 CO 13-15 50
Cucurbits maxima Nil Nil N il ITil
Nicotians tabacum var. white Burley 12-14 80 12-14 60
Ilicotinna tabacum vor* Season 12-14 70 15-15 60
Stachyiareheta Indies 12-14 60 13-15 40
Stachytaroheta indioa var.-lamaicensis 12-14 60 13-15 40
Trichosanthus anpsiina 11-13 50 12-14 50
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i i i )  * I>ongevity in vitro

I t  has been foundsthat the longevity in v itro of the 
virus at room temperature was between 3 and 16 hours sad that 
at 5-10°C between 24 and 32 hours*

I'ihen the cap at room temperature (control) was immediately 
used for inoculation 60 per cent o f the test plants became 
infected. The percentage of transmission was 30 when the sap 
waa stored for 4 hours both at room temperature and at 
5-10°0* When the asp was stored for 8* 16 and 24 hours the 
corresponding percentages of transmission at the two sets of 
temperatures were 20 and 30, sero and 20 end aero and 10 
roqpectively. There was no infection when 1he sap was 
stored for 16 hours or more at room temperature and for 32 
hours or more at 5-10°C (Table 14)*

IV* HQ3t range

Cat of the 13 virus diseaeeB affecting weeds studied,
5 wore not able to infect any plants other than their 
natural hosts» They era yellow vein mosaic of Agoratum 
copisoidsso lea f curl of A.ooniaoideg,, mosaic o f CII'tor la  
tomato a a yellow mosaic o f Micrococca mor curl a lls  and loaf
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curl of Synedrella nodlflora, in .the case of yellow mosaic 
visiBoa of Hemi deems lndlcug and Sebastlanla ohamasloa, 
transmission to the original hosts was obtained only by 
grafting and therefore* host range studies were not carried out.

Six viruses, v i s . , mosaic o f Amsranthus v ir id is . yellow 
vein mosaic of Croton gparsifloruB and Sida cord ifo lia , loaf 
curl o f Stachytamheta indioa. yellow mosaic mottle of 
S.indica var. ,1 amaioensia and mosaic of Stachytarpheta indlca. 
on a rt ific ia l inoculation infected other plants in eluding 
some economically important crop plants* These six viruses* 
which gave positive results in host range studies, when back 
inoculatad to their original hosts produced the original 
symptoms, except sallow vein mosaic o f O.snarsiflogUB*

1. Mosaic virus of Amaranthus v irld ia .

She host range o f the virus was studied by Inoculating 
the concentrated sap extracted from diseased plants on 
healthy ■feet plants* The virus was transmitted to four host 
plants* A.caadatua. A*gaaeeticus. CelGala crlstata and 
Gomohrena glob03a. a ll  belonging to the family Amaganthan.im.
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i) e Amaranfhua oaadatug

She viruo produced symptoms of vein clearing, mosaie 
mottling, reduction in leaf alee and stunted gccwth after 
10 -14  days of inoculation* Ehe percentage* o f transmission

t/ao S0«

ii) * Anaranthuft genRQticug

On Am or on thug gongotleug also the virus produced similar 
a^ptams as on 'A*caudatus: after 10-14 days o f inoculation and 
?5 po® cent o f  *fii© toet plants tocsEe infected*

lii)« Colosia oristata

On Celoaia orlstata symptoms o f mosaic mottling, vein 
clearing, chlorosis, reduction in lea f slee and stunted growth 
resulted 10-14 days o f ter inoculation* Sixty per cent o f  the 
toot plants were Infected*

IV) • gromphrena glohoea

Sits virus produced chlorosis, mosaic mottling .and 
stunting o f the plants 10-14 days after inoculation aod the 
percentage of transmission was 45*



7 5

She above findings on the host range of the mosaic vim s 
o f A.vlrifllg was confirmed by aphid tranamisolon o f the virus 
to a ll the 4 hosts# I t  has been fcund that A.gossypii was 
iaô o e ffic ien t then A.craeciyora in transjnitting the virus#
She incubation period of the virus in iha plants A/as: less 
and per cent transmission was more when the virus was 
transit tted by A♦ fio.gsyali. {fable 15) *

2 . YoHow vein mosaic virus o f  Croton soeraifloros

She host range o f  the virus was studied by inoculating 
the toot plants by viwiliforoae white flies*  Bcmleia tabr l̂.#
Sho virus was transmitted only to a single species of test 
plant, Vis** £yo oners! con eaculeirfcam# belonging to the 
family solanaoeae ,

On L̂ eeculeataa the virus produced aild vole clearing 
cad leaf carl symptoms 16-1Q days after isoculBtioB* 
hiffuoad ehlorotic spots were observed os the leaves, which 
bocoma thick, short and leathery in sppearance.* She lea f-Icto  
were irregularly curled (Plate 15), fits plants were stun tod, 
flowering and fruiting were also badly affected# Eighty 
nor cent o f the inoculated plants were infected* The virus 
was not transmitted fresa tomato to tomato and baolc to the



Healthy Diseased
Plate Ho* 15 Symptoms of loaf curl developed oa tomato   - — * * j  inoculating

QL)«fSiflQCUa
kjpnp kUUB u* w w  u-u a w;»b*v*—  — ----------------

(hyooi ersicpn eaculestua) by inoculating the yellow 
vela moaalc fUMi Of CrotQD |

Healthy Diseased
Plate lio*16 Symptoms of leaf curl developed on tomato

(lyooncrcxcon esculentua) by inoculating the yellow 
T U B  aosalo vlrua of 31 da aarfllfaila
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original host. A ttests to transmit the Tims from tomato 
to tobacco by both grafting and by whiteflies were not 
successful. Tho virus was also not tranaaitted from tomato 
to tomato and bade to C.gparaiflorua by mechanical means.

3. YgH ow vein mosaic virus of aida cordlf o lla ;

She host range of the virus was studied by inoculating 
tlio test plants by viruliferoue Bemleia, tabaci. Eho host 
range was confined to a single species of test plant, v ia ., 
Itvcoporeicon eaculantem.

(The virus infected B.esculentma v;ith the production of 
leaf curl symptoms*, ffiie symptoms started as mild vein 
clearing' of the younger leaves after 20-25 days of inocula­
tion. Later Irregular curling of the lea f-le ts , thickening 
of veins on the abaxial surface of the leaves and reduction 
in lea f size were resulted, ihe intern odes were shortened 
and the plants were stunted (Plate 16). flowering and 
fruiting were severely affected and 100 per cent of tho 
tost plants became infected. 'Hie virus was transmitted from 
tomato to tomato and back to the original host by B. tabac i .  
Attempts to transmit the virus from tomato to tobacco by 
both, grafting and by B .tabaci were not successful. She virus



wac also not transaitted from tomato to tomato and "back 
to the original host by mechanical means*

4 . Leaf carl virus o f stachy tarpfaeta indica

She host range of the vim s was studied "by inoculating 
the test plants by viruliferouo Bealsla tabam* The virus 
infected two specie a o f  the test plants» v i s . ,  Lycoperpicon 
G G C u le n tu m .  belonging to the family Solon ace ae and 
S 'tachy taroha ta in die a var. .laaaicensiB of the family 
Verbonaceae.

i)  • Hyc onersicon esculentuin

The symptoms f ir s t  appeared as mild mosaic and curling 
of the young lea f-lots  after* 20-22 days of inoculation* Che 
leaves of infected plants became thick, leathery and hard 
(Plate 17)* She plants were s tan ted, but flowering and 
fruiting were not affected much. The infected plants oh awed 
only mild leaf curl symptoms and 60 per cent of the test 
plants became infected. The virus was not transmitted from 
tomato to tomato but transmitted back to S.indiea by B.tabaci. 
Attempts made to transmit the virus from tomato to tobacco 
by both grafting end by B. tabacl were not successful* She
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virus was not iaranaaitted from tomato to tomato end tack 
to.the original host by mechanical eve one.

i i ) . gtachytamheta indioa var.iamaieeneiBt

On s . lndica var. .laaaicenBls the virus prodiced symptoms 
of lea f curl and mottling 18~20 days after inoculation. She 
plants were stunted end 80 per cent o f the test plants became 
infected. She virus was easily transmitted back to the 
original host by B.tabaci. 2h© virus was not transmitted to 
tobacco fros s. indioa var.3smoicanals by both grafting and 
by B» tabaci.

5. Y ellow  mosaic mottle virus of Stachytaroheta in d iva  var. 
iamaicengis

She host rang® of the virus was studied by inoculating the 
test plants by viruliferouo B. tabaci. The host range was 
confined to 3 species of test plants, v i s . ,  Bycopersicon 
esculentma of the family solanaceae, Celoala oriatata of tho 
family Araaranthaceae and stachy tarnhe ta in dies of the family 
Yerbenaoeae.



Healthy D is e a s e d

Healthy Diseased
P i s t e  0 * 1 8  Sym ptom s o f  l e a f  c a r l  d e v e lo p e d  o s  tana t o

( Lycoperstcon e  ecu Io n  turn) by is  o c a  Is  tin g  the 
yellcfcr mosaic mottle v i r u s  o f  Stachytarpheta indies leu liiB aia*
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i). ijyeoperaleon esculentaa

The in it ia l symptoms ego peered as chlorotic spots on tee 
youn032: leaves alter 18-20 days of Inoculation* Later these 

chlorotic spots became diffused o*d tho leaves exhibited 
cu rlin g  of the lea f mar gins and thickened vein®. The 
infected plants shovjed severe leaf curl symptoms. The inter­
nodes v/ero shortened and the plants were severely stunted 
(Plate 18)« Flowering and fruiting were completely arrested 
and 60 per cent o f  the test plants became infected. The 
virus was not transmitted froa tomato to tomato but 
transmitted bade to the original host by B.tabaci. Attempts 
to transmit the virus from tomato to tobacco by both 
grafting and by B .tabaci were not successful. Tho virus 
y/qo also not' transmitted from tomato to tomato and back to 
tho original host by mechanical me ana*

i i ) . Celcgia crlstata

v .*
She symptoms f ir s t  appeared as mild curling and 

CL-inkling o f the leaves with chlorotic o breaks 12-14 days 
after inoculation. She margins o f the loaves v/ere rolled 
dovjnwards followed by the lea f tips. The .leaves be cam* thick
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and b rittle . She affected plants were stunted and the 
leaves were reduced in else (Plate 19) * Flowering and 
fruiting were completely inhibited. She virus was not 
transmitted from 0 .cristata to 0. cristate, but transmitted 
hack to the original host by B.taboci* Attempts to transmit 
the virus from G.cristata to tobacco by both grafting and 
by S, tabaei were not successful.

i l l )  • Stochytarpheta Indies

On S.lndloa. the yellow mosaic mottle virus produced 
lea f curl symptoms with light yellow chlorotic areas. She 
symptoms.sppoared 20 days after inoculation and the percen­
tage of transmission was 100. She infected plants were 
oeverely stun'tod and the spikes wore reduced in sine and 
length. The virus was easily transmitted from s . indica to
5 .tndlca and back to the original host. The virus wag not 
transmitted to tobacco from s . indica by either grafting or 
by viruliferous white flies*

6. I'l03aic virus of S techy tarphe ta in dice

She host range o f the virus was studied by inoculating 
concentrated sap on healthy test plants. The virus was
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transmitted to 7 different teat plants, v is* , Boninoagg 
Iiigpifla, Caoumig sativus. Cucurblta ina-cimg. TriohoBantheB 
supping (Oucarbitace^), Nicotians tabacum vor. v/hlte Burley, 
nicotian a tab&cuni Tar. samnua (Sclgnacoao) and 
Stach?;tarohcta indioa var.iamaicensls (VerbonaceaeK

I ) . Ben Id cap a hlBplda

The virus infection produced chlorosis, mosaic mottling 
lea f distortion and raised b listers on the loavcg. The 
leaves were reduced in siee and the plants ware stunted 
in growth* The symptoms developed within 7-10 days after 
inoculation and tho percentage o f transmission was 30*

i l ) . Cucumis sativuB

The symptome were f ir s t  noticed on the developing young 
leaves.as small greenish yell a/ areas which were lighter 
than the healthy areas. Bator characteristic yellow mottle 
c^rotoriG developed. The leaves were reduced In cise , 
crinlnled and distorted. In advanced stages of infection 
there was downward rolling of the margine of the lamina.
The symptoms appeared 6-10 days after inoculation. The 
X>cr can tags of ‘transmission was 60.



Healthy Diseased
Plate t o. 19 Symptona of leaf curl developed on Celog la cristate 

by inoculating the yellow mosaic mottle virus of 
r to chy target* in dice rar. Jamal si B sis

le d  thy Diseased
Plate :io.20 Symptoms of 3tachytar^heta mosaic virus on 

snake gourd (Trlchosenthea SfiStiii)
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i i i )  . Oacurbita maxima

Yellowish green chlorotic patches developed on the lamina 
G-10 days after inoculation. The darker green portions of ihe 
loaves produced raised b listers» The sise o f the leaves rwas 
reduced consider ably t intemodes were shortened and the plants 
stunted. Sixty per cent of the test plants teoame infected*

iv ) . Trlchoasnthaa anguina

She symptoms f ir s t  appeared as mild mottling of the young 
leaves 8" 10 days after inoculation. Small yellowish green 
areas appeared on the young leaves v/hlch later developed into 
characteristic mosaic symptoms consisting of irregular dark 
green chlorotic patches. The leaves were markedly reduced 
in sise* variously crinkled end deformed (Plate 20). The 
intemodes were shortened and the plants were stunted. The 
percentage of transmission was 80.

v ) . nicotian a tabacum var* 'White Burley

The symptoms f ir s t  appeared as mild curling o f the younger 
leaves followed by faint mottling of leaves. The leaves 
showed mosaic symptoms which developed into large chlorotic
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patches. The leaves were reduced In size and severely 
distorted. The plants were considerably stunted (Plate 21).
The symptoms appeared 6-8 days after inoculation and 100 per 
cent transmission was obtained.

v i ) . Hicotlana tabacum var.semsun

The syrapterns appeared 7-9 dayB after inoculation (Plate 22)» 
The symptoms were more or less similar to that appeared on 
t*hite Burley tobacco, but the affected plants were not so much 
stunted. The per con tags of transmission was 100.

V i i ) . Stachytarpheta Indlca var. ,1 aaaicenqis

The symptoms f ir s t  appeared as upward ro llin g  of the 
leaves 10-12 days after inoculation. The leaves were pale 
green, chlorotio, reduced in sise and severely distorted*
The affected plants were considerably stunted. The length 
of the spike was reduced and the flowers were spares. (Che 
percentage of transmission was 50.

The above findings cm the host range of mosaic virus of
a .indlca was confirmed by aphid transmission of the virus to 
a ll the hosts except Cucurbits maxima. In Beninese a hisnida



Healthy lUeaatied
P la t e  s jq p to a a  o f  S ta c h y ta r p h e ta  m osaic y ir u e  on

T o b a c c o  ( N i c o t i a n *  td b a c u n  y a p .  W h ite  B u r lo y )

 _ Healthy Lieoased
Plate - 0*22 3 yap tom e o f S t a c h y t a r p h e  ta u o a a i c  virus on  

T d b a e c o  ( i U o o t i a o a  t a b a c a a  y a r . s e n s u s )
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only A.craccivora could transmit the virus* I t  has been 
found that in general, A.craccivora was more e ffic ie n t  than 
A.gossypli in transmitting -fee virus. fbe incubation period 
o f  the virus in the plants was less and the per cent 
tranemission was more when A.craccivora was used as the 
vector (fable 16).



DISCUSSION



DISCUSSION

She role of weeds -in the epiphytotic incidence of many 
virus diseases affecting erq? plants has been well established. 
Disease symptoms caused by viruses are often noticed on a 
number o f weeds in different parts of Kerala* But only a 
feu weeds ere identified as collateral hosts o f viruses 
affecting crop plants. Hence, i t  was fe l t  necessary to study 
the viruses Infecting the common weeds, and to determine 
whether these weeds act as collateral hosts o f viruses 
affecting crop plants and to establish the role o f weeds in the 
perpetuation o f  viruses infecting crop plants.

in the present study the v ira l nature of 13 diseases 
affecting weeds was established by transmission studies. She 
study revealed the presence o f 6 virus isolates from weeds, 
capable of infecting crop plants. Out of the 13 viruses 
infecting weeds studied, 8 were found to be transmitted by 
v/Mtofly.Bemieia tabacl and 3 by aphids, v i s . , Aphis 
cracolvora and Aphis goasypii. In 2 cases successful 
transmission of the viruses was obtained only through grafting.

She viruses infecting weeds are broadly grouped into 3 
based on the modes o f their transmission, v i s . ,  white f ly -
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transmitted, viruses® aphid tr an emitted viruses and viruses 
transmitted by grafting only and the results are discussed*

I . v/hitefly-transmitted viruses

I t  was found that 8 viruses infecting weeds® vis*® yellow 
vein mosaic of Aeeratua conisoides® leaf curl of A»conlgoideB* 
loaf curl o f Svnedrella nodi flora * yellow vein mosaic of 
Croton sparslflorua* yellow mosaic o f Hicrocooca mercurialis * 
yellow vein mosaic of Slda cord lfo lia* leaf curl o f 
3tachyfcarpheta indlca end yellow mosaic mottle of S.indica 
v a r *^giaaicensla were transmitted by Bemisia tabaci (Table 3)* 
All the .8 viruses were transmitted by wedge grafting also 
(2oblo 2)* Attempts made fo r  the asp transmission of tho 
viruses were not successful- except in the case of yellow 
mosaic of M.mercurialis and none of the viruses was transmit'bod 
through seeds.

Symptomatologies! studies of the yellow vein mosaic of 
A.conigoidea revealed -that the symptoms were similar to 
those reported by Varma (1963) and Uair and Wilson (1970)*
They a ls o  could not get -the transmission of the virus by 
see? inoculation and through seeds* The l e a f  curl virus
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Of A.QogigQldeg resembled to that reported by pruthi (1937) 
in the symptom manifeBtationond transmission.

' She leaf curl virus o f Ssnedrella nodiflora was similar 
to that reported by Hair sad Wilson (1970) in it s  symptoms 
and transmission. Nov;ton and Pierio (1953) also reported 
a virus disease of S.nodiflara characterised by lea f cupping 
and chlorosis, which was transmitted by inarching, hut not 
by sap inoculation.

£he observations on yellow vein mosaic virus diseases 
o f Groton soar Bifloras and Sifla cordifolia  showed that very 
often one or two branches only of infected plants exhibited 
the symptoms while other branches remained green and 
apparently healthy, subsequently, a ll the branches of the 
plants get infected. Similar observations were reported by 
Keur (1934) in variegation of Abitilcn. He found that the 
virus was not present in t o  green branches o f  variegated 
Abutilon as evidenced by the non-transmissibility of the 
virus from such branches to healthy Abutilon by grafting.
She appearances o f green branches on C. sparsiflorus and 
S. cordifolia  may be due to the local arrest in the movement 
or lack o f movement of the virus from infected branches
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since a ll  the branches develop the symptoms at a later stage*

Yellow mosaic virus of Hlcrooocea mercuriali b was similar 
to that reported by Nair and Menon (1978) in the production 
of symptoms. Studies on fea symptoms and transmission of 
the leaf curl virus of S t aeh? taro he ta Indioa sod yellow 
mosaic mottle virus of s . indlca var»^amaicenBls showed that 
they are new reports from India. Von Der Las© (1940) reported 
a vix'Us disease o f S .dichotomy which was transaitted by 
Bonlala gossvnlperfla* Wilson and sathiorajan (19©) reported, 
a graft-tronsaiasible lea f distorting v in e  o f 5.indioa.
Shore are no oarlior reports o f any whitefly-transmitted 
viruses infecting s . indioa and its  variety and ho nee these 
form new records of the virus diseases of this host plant*

I t  was found that a single viruliferou® whiteily 
could transmit yellow vein mosaic of Agora turn conigoideB 
(Tablo 4) 9 lea f curl o f A.conlsoides (Sable 5)» leaf curl of 
Svncdrella nodi flora ( [Pablo 11), yellow vein mosaic of 
Croton soars! floras (fable 6 ), leaf curl of 3taehytarpheta 
indioa (Table 9) and yellow mosaic mottle of 3 .indlca var* 
iamalcengis (Table 10)* For yellow mosaic o f Miorocooca 
aercarialig and yellow vein mosaic o f  Slda cordlfolia  two
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viruliferous whiteflies were necessary.for successful 
transmission (Table 7 and 8). However, the percentage 
of transmission was considerably increased when the number 
of v/hiteflies per plant was increased for inoculation 
(]?ig,1 to 8). Similar result was reported by Varma (1963) 
for yellow vein mosaic of A.oonizoifleg. Increase in per 
cent transmission was reported by several workers in the 
case o f other whitefly-transmitted viruses also, v iz . ,  
leaf curl of zinnia elegans (Mathur, 1933) 9 Abutilon 
infectious variegation (Orlando and Silberschmidtj 1946; 
Costa, 1955) f bhendi yellow vein mosaic (Varma, 1952), 
tomato yellow leaf curl (Cohen and Hitsany, 1966) and 
yellovr mosaic of mung bean (Hene, 1972).

I t  was observed that the incubation period o f the 
whitefly-transmitted viruses in their respective plants was 
not dependent upon the number of viruliferous whiteflies 
used for inoculation, similarly the severity of the 
disease was also not influenced by the number of whiteflies 
used fo r  inoculation. Similar results were reported by 
ICLrlspatricls: (1931) for Cotton leaf curl virus9 Mathur (1933) 
for Zinnia leaf curl virus and Hair (1971) fo r  Urd bean 
yellcw mosaic virus*
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Out o f  the 8 whitefly-transmitted viruses only one virus* 
viz.# yellow mosaic of Hicrococca marourialls was transmitted 
by osp inoculation. Tho virus under present study was 
similar to that described by Hair end Men on (197B) is  ejrasptonjs 
and transmission. But they could not transmit the virua by 
scp inoculation# whereas mechanical transmiasiaa waa 
siccessful when the sap was extracted in phosphate buffer 
and inoculated, Shore was a considerable e ffe ct on the

i
trangmissibility and incubation period of the virus when 
the s£§? extracted in phosphate buffer in the cold was used

t ' . '

far Inoculation (Sable 1 ), She success of the method in 
transmitting the virus by sap inoculation may be due to the 
faot that the virus was not denatured or oxidised on 
exposure v?hon sap was extracted at low temperature in 
phosphate buffer, of pH 7*0 and ?.4» Similar results of 
mechanical transmission of whitefly-transmit tod viruses 
wore reported by Bird e t  a l. (1975b) for golden yellow 
mosaic virus of beans# Galvez and Gaatano (1975) for 
golden mosaic virus of beans# Bock and Guthrie (1978) for 
African cassava mosaic virus and Subramanian and 
ITarayanasamy (1978) fear yellow mosaic virus of Uolichoa 
lablab.
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Studies on the physical properties o f the yellow 
mosaic virus of Mlorococca mercurialis showed that i t  has 
a dilution end point o f 1 s10 -  1 s25 indicating that at 
dilutions above 1 :25# the concentration of inoculum present 
in the preparation was not sufficient to cause infection*
Tho virus had a thermal inactivation point of 50-55°C*
Tho percentages of trangiission decreased when the samples 
of Sep treated at higher temperatures were used for 
inoculation (Table 14)* This may be due to the partia l/ 
complete inactivation of the virus by heat treatment* The 
longevity in v itro of the virus vms found to be 8-16 hours 
at room temperature and 24-32 hours at refrigerated 
conditions (Table 14)*

Among the physical properties of the virus under study, 
only thermal inactivation point was similar to that of 
Abutilon Infectious Variegation Virus but differed widely 
from i t  in dilution end point, and longevity in v itro  which ’ 
were reported to be 1 :625 and 24 hours at room temperature 
respectively (Costa and Carvalho, 1960a). The physical 
properties were not comparable to those of other sap 
transmissible white fly-borne viruses such as Euphorbia
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mosaic (Costa and Carvalho, 1960b) and Bean golden mosaic 
C-alves and Gaetano 1975)* Further studies are, therefore, 
warranted fo r  the characterisation of the virus*

She results revealed that the concentration of the 
virus in the host was very low and was quickly inactivated 
on dilution since there was no in footiv ity  at a dilution of 
1:25 and above. The studies also indicated that the virus 
i 3 not stable and not ablo to withstand exposure on extraction

i i

as evidenced by the loss of In fectlv ity  of the sap stored 
in vitro for  24 hours*

Host range studies of the whitefly-transmitted viruses 
showed that yellow vein mosaic of Ageratma ocnigoides. 
loa f curl o f A.conlgoidoG. leaf curl o f  gynedrella nodi flora  
and yellow mosaic of Hicrocoeea mercuriallo v;ero not able to 
infeet any of the test plants other than -fceir respective 
natural hosts. Thung (1952; 1954) reported A.coniaoides 
end S.nofiiflora as the collateral hosts of curl and crinkle 
disease of tobacco. Fruthi (1957) reported a leaf curl 
disease of A.coalgoidee which was transmitted to tobacco by 
Beniala Koegypinerda. Van Der Itaan (1940) observed that 
A.conisoides and S.nodiflora acted ag the collateral hosts
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of pseudo-mosaic disease of tobacco which was also 
transmitted by B. gossypinerda. Deighton (1938), Pruthl 
and Samel (1939), Pruthi (1944) and Varna (1959) reported 
A.conisoidea as a collateral host o f  tobacco leaf curl virus* 
But Varma (1963) reported ihat yellow vein mosaic of A. 
conisoidos was distinct from Tobacco leaf curl virus since 
he could not transmit the virus to tobacco* The result of 
the present study is  also in agreement with the above 
findings (Varma, 1963)* ®he results revealed -that yellow 
vein mosaic of A.conigoldes. lea f curl virutss of A.conlgoidos 
and S«nodiflora fa iled  to infect tobacco and they may be
different from Tobacco leaf curl virus*

Vasudeva (1957) reported that A*conisoides and Croton 
soars!floras acted as collateral hosts of yellow vein mosaic 
of bhcndi* But in the present study the viruses failed to 
in fect hhendi, despite repeated efforts. Nair and
UilscEQ (1970) reported that yellow vein mosaic of A.coaizoides
end leaf curl o f S«nodiflora could cross in fect each other. 
But the results show that these viruses did not cross 
in fect and indicated that they are distinct unrelated 
viruses.
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Four wbitefly-transmitted viruses, v i s . ,  yellow vein 
mosaic viruses of Croton spareiflorus and Slda cordlfolia . 
leaf curl o f Stach.rtarphe ta indlca and yellow mosaic mottle 
of s.indlca var.iamalcenalB produced lea f curl symptoms in 
tomato. Leaf curl o f 3 . indlca infected 3 .indlca var. ■ 
rlaaaiconsia also on which i t  produced loaf curl like symptoms. 
In addition to tcsaato, So Indlca and Oelosia cristate, were 
also infected by the virus causing yellow mosaic mottle of
3 .indlca var..1gmaicsnsis.

.Yellow vein mosaic of C.socarsIflorus produced mild leaf 
curl symptoms and that of S. cord i f  o i l  a produced severe loaf 
curl symptoms on tomato. Vamna (19©) reported that yellow 
vein mosaic o f O.sparoiflcras might be a strain o f Sobacco 
lea f curl virus whidi requires further confirmation.
However, the results of the present investigation showed 
that the virus was not transmissible to tobacco by wbitefly 
or by grafting. !Dhe virus also could not be transmitted 
back from infected tomato to 0. soarsiflorus or to healthy 
tomato. Hair and Vfilson (1970) found that yellow vein 
mosaic viruses o f C.enar siflorus and s i da cordlfolia could
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crocs Infect each other. But In the present study the 
viruses failed to or odd, infeet each other. 2hey could also 
transmit the yellow vein mosaic virus o f Sida corflifolia 
to tomato on which i t  produced symptoms of severe leaf curl, 
hut failed to infect tobacco. She result of the present 
study is  also in agreement with their finding. Deighton (1953), 
Shophcred (1940) and Hill (1968) reported S.cordifoila  as' the 
collateral host of fobacco leaf curl virus. 2he above 
discussion on the virus diseases o f Croton speroifloruB and 
s . corclifolia clearly showed that there con he regional 
variations in the incidence and geographical distribution of 
the viruses affecting v.-eede v;hich necessitates detailed 
investigations in different regions/localities for their 
characterisation.

Loaf curl o f  Staehytaroheta indlca produced mild leaf 
curl symptoms and yellow mosaic mottle of 3 .indlca var. 
.lomaloonais produced severe leaf curl symptoms on tomato, 
hut both failed to infect tobacco. Deighton (1953) reported 
Stachytaroheta Bp.as the collateral host o f Tobacco leaf 
curl virus. Van Per Loan (1940) reported S.dichotoma among 
tho collateral hosts of pseudo-mosaic disease of tobacco.
In tho present study the viruses failed to infect any of 
tho tobacco varieties tested.
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The leaf curl virus o f s tachy tarpheta Indlca and yellow 
mosaic mottle of S. Indlca var.,1 aaaicensis were not transmitted 
from infected tcsnato to healthy tomato by 33.tabaci; but 
transmitted back to their original hosts. Similar results 
hare been reported for many other whitefly-transmitted 
viruses. Costa (1965) transmitted AbutlIon mosaic virus

j  *

from Si da sp. to beans by B. tabaci causing a disease called 
’ mottled dwarf • 2he virus was not transmitted from bean 
to boon, but easily transmitted back to sida e(p.
Conta (1975) could trangsit the Abutilon mosaic virus to 
soybean causing 'soybean crinkle mosaic’ . She virus was 
not transmitted from soybean to soybean, but transmitted 
back to the original host.

A ll the four viruses, which produced lea f curl symptoms 
on tomato could not in fect tobacco, similar result was

i i

r op or ted by Silberachmidt and Scmmasi (1956) in the case 
of the virus causing infectious chlorosis of Malvaceae, 
v/hidi was transmitted to Hi can dr a physaloides a solanaceoua 
plant, but not to tobacco.

Attenpts to transmit tho viruses, which produced leaf 
curl symptoms on tomato, from tomato to tomato and back to
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t h e i r  o r i g i n a l  b o a t s  b y  m e c h a n ic a l  m eans w e re  n o t  s u c c e s s f u l *
1

003ta and Carvalho (1960a) reported the mechanical transai* 
ooion of the whitefly-transmitted mosaic virus of Abuliton 
from sida mlcrantha and Halva oarviflora to M.pazvif lora and 
li.rotan d ifo lia . Ehey f ir s t  transmitted the virus to 
S.aicrantha and M.narviflora by grafting and from these plants 
successful mechanical transmission was made. Similar results 
were reported in 1fae case of other whitefly-transaitted 
viruses like golden mosaic virus o f Calopogoniam mu cun oi flop 
and mosaic virus o f Euphorbia pruniifolia (Hoiners et al.1975; 

1975).

Iho studies revealed that none of the viruses was 
related to lobacco leaf curl virus eventhou^i they produced 
leaf curl symptoms in tomato. JUrther studies are, therefore, 
required to identify the viruses and to establish their 
relationship to the already known viruses o f crop plants.

II . Aphid transmitted viruses 

1 • Kosaio of Amaranthus v irid is

Symptomatologieel studies of the mosaic virus of 
A.v irid ig  showed that the symptoms \70re similar to those



98

reported by Mariappan and Narayanasamy (1977). ®he virus 
was transmitted by sap inoculation, by grafting and by 
aphids, v iz . ,  Aphis craccivora and A .gossypii.

Inoculation with concentrated sap decreased the incubation 
period of the virus in the plant and increased the per cent 
transmission. I t  may be due to the high concentration of the 
virus in the concentrated sap. inhere was not much e ffect 
when the plants were inoculated with the sap extracted in 
deionized water and sap extracted in phosphate buffer 
compared to standard sap and concentrated ssp respectively 
(Sable 1).

Phatalc (1965) reported a mosaic disease of A.v lr i die 
which was transmitted by grafting and by sep inoculation" 
Mariappan and Narayanasamy (1977) reported a mosaic 
disease of A.v irid is which was transmitted by grafting, sap 
inoculation and by the aphids, v iz . ,  Aphis gossypii.
A. craccivora and Myzus persicae. A. gossypii was more 
e ffic ien t than A. craccivora in transmitting the virus; the 
percentage of transmission being 90 and 80 respectively. 
Mariappan and Narayanasamy (1977) also found that
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Atftoaoypil v/as more e ffic ien t than A. craccivora and M.

norslcae as vectors of the virus* The incubation period 
of the virus In the plants was reduced to 11-13 days when 
transmitted by A.gossypii as against 14-16 daya fo r  A. 
craccivora (Table 15)*

The virus had a dilution end point of 1i15G0 -  1!2000» 
thermal inactivation point of 55-60°C and longevity In vitro 
of 48-72 hours at room temperature and 72-96 hours at 
refrigerated conditions (Table 12). The physical properties 
o f the virus were similar to those of the mosaic virus of 
A.virid ig  rep or fed by Mariappan end Neroyanassmy (1977) except 
•aie thermal inactivation point which differed slightly.

Host range studies of the virus showed that i t  was 
transmitted only to the members of Amarsnthaceae.
The virus produced systemic infections ctf A. can flatus.
A. gap go t i  cue. Celosia oris tat a and Gosmhrena globose and 
produced mosaic sjraptoms. nomafcrishnan et a l . (1971) 
reported a mosaic virus o f A. pan got! cup which was transmit ted 
to many members o f Araaranthaceae and solanaceae. In the 
case of the mosaic virus of A.v ir id ie  reported by Mariappan
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and livOraynnnoCTy (1977) the host rouge was distributed 
in Anaranthacaae> Aigoaceao and Solanaceae. The virus 
under study fa iled  to infect any plants of the family 
solanaceae tried.

Prom the results of the studies on symptoms, mode of 
iran emission and physical properties i t  is  found that t o  
virus under study had similarlaties to that reported by 
Iloriappan and Harayanasaay (1977) • However, to  host range 
of t o  virus under investigation is  confined to plants 
belonging to Amaranthaceae and hence, i t  is  identified as 
a sirain/vairant of Amar an thus mosaic virus,

i i ) . Mosaic o f  Stachytamheta indlca

The mosaic virus of s . indlca was transmitted by sap 
inoculation (Table 1 ), by grafting (Table 2) and by Aphis . 
craccivora and A. goseypii (Table 16).

Inoculation of plant with concentrated gap reduced t o  
incubation period and inoreased the per cent transmission 
as compared to that inoculated with standard sap. There 
was no difference in the incubation period o f the virus 
in plants inoculated with the sap extracted in deionized
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water when compare cl to standard cap* but the per cent 
transmisaion increased from 40 to 50, fhere was an 
appreciable increase in the per cent transmission of the vim s 
when the plants were inoculated with the sop extracted in 
phosphate buffer. She percentage of transmission increased- 
from 60 to 90 when compared to concentrated sap but the 
incubation period was the same (Sable 1 ). Similar obser­
vations were also reported by earlier workers 
(Eiomberry, 1935; Costa, 1944)* (They reported several fold 
increase of infee tiv ity  of cucumber mosaic yirus (CHV) with 
the use of phosphate buffer,

Ihe virus was transmitted by two species of aphids 
tested, v ia ,, An hid craccivora and A, gossypii, I t  has been 
found that A, craccivora was more e ffic ien t than A. gopnypii 
in transflitting the virus as evidenced by the higher 
percentage o f  transmission and reduction in the incubation 
period of the virus in the plant (Sable 16). (There are 
no earlier reports o f any sap transmitted or aphid transmitted 
virus infecting 3 ,indlca and hence, this is  recorded as a 
new virus diseases of the weed,

Eie physical properties of the mosaic virus of S.indica 
resembled CM? and it s  strains in the. ' properties.
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Chamberlain (1939) described the physical properties of a 
strain o f CHV as having a dilution end point of 1 :1000, thermal 
inactivation point 62~66°C and longevity in vitro 96 hours at 
room temperature. Debey et al.(1974) described the physical 
properties of Cucumin virus I as haring a dilution end point 
of 1:1000 -  1:5000, thermal inactivation point 65-70°C and 
longevity in vitro in phosphate buffer- 16-18 hours at room 
temperature end 192 hours at 8°C. Joseph and Henon (1978) 
reported a mosaic disease o f snake gourd caused by a strain of 
Cucumis virus X and the virus had a dilution end point 1 :5000-  
1:10009 ,thermal inactivation point 70-75°C and longevity 
in vitro 72-96  hours at room temperature and 144-168  hours at 
refrigerated condition. Che above details show that there can 
be variations in the physical properties of strains of CKY.

Host range studies o f the virus shaded that i t  was 
transmitted to species, of plants belonging to Oucurbitaceae 
Solanaceae and Verbenaceae. Che virus produced mosaic 
sjnmtomB on 7 host plants, v ia . , Benincasa hispida.
0ucmni3 sativus ■ Oucurbita maxima. Crichosan thes angzina. 
Hlcotiana tabacum var. White Burley . tab a cum var.Samsun 
and stachvtarpheta indlca var.namaicensis.
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I t  has been found that the mosaic virus of S. indlca 
had sim ilarities with some btrains of Cueumig virus I in 
its  host ran@3. Ainsworth (1934) reported a yellow mosaic 
of cucumber which infected cucurbits, tomato and Datura 
stramonium* But the virus under the present study did not 
infect tomato and D» stramonium* Joseph and lien on (1978)

7

rap or ted a mosaic disease of snake gourd caused by a strain 
of Cucmais virus I which infected plants belonging to the 
families of Cucurbit ace ae * Solaaacoae and Compositae 
including fficotiana glntinoaa. Capsicum annuum and Petunia 
hvorida. 2he virus under the present study fa iled  to 
in fect N.glutlnoaa. C*annuum* P.hybrids and the members o f 
Comoositae.

Various authors have studied the physical properties
f

end host range ,cff CMV and itsstrains which differed slightly  
and in some even widely but never agreed in to to with the 
properties o f each other. !Shese variations can be attributed 
mainly to the prevalence o f different strains o f the virus 
infecting different hosts and also to the host-virus inter­
action which night have contributed, to the changes in "fee 
characteristics and properties of the virus end its  strains.
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so bcietd on the results of tbs atudiee co the physical 
prc&astlas aod host ren§»» the mosaic virus of 3 .in die* 
i o  Grouped 84 * etrain of Cuounle tirui I*

H i ) , lioiaio of Clitoris torastea

She mosaic Tirae of cognates vre* transmitted by 
(grafting and by both the Bps cits of ftp hide 1rle&» vis*t 
fr-H’&p eraeclvega and A. KOaa.voii bit not by e*s> inoculation 
oi" through seeds* A« cracclvora wao found to be sore 
efficient then Â goaeynll in transmitting the virus and the 
poxoontapa of transmission were 100 and 70 reqpeotively#
CSio incubation period of the1 Tins in the plants reaained 
tho a s m  i«*« 20*23 daye with both the species of tphlds*

She Tizue did not infect any of the plante tee tod 
ezrempt its original boat. Book et £1*(1977) reported a 
yellow vein vin e of Olltcrla ternatea which wee eap 
transmitted to Hibiscus ssculantus and some other members of 
tZio family Bapllionaoaae* She T i m s  under study is  identified 
cd quite different froi that reported by Boole et al,(1977) 
a3d no this forme tho firet record of the incidence of
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mosaic disease of C. ternatea. However, farther studies ere 
roquired for the identification of the virus*

XXI. Viruses transmitted lay grafting only

i)  • Yellow mosaic .of Hemldeamufl ladlcuw

Hie yellow mosaic virus of H.iedicuo was transmitted only 
'oy vjodgs grafting (Table 2) tut not "by sap inoculation or 'ey 
any of the in so etc tried. Only the viral nature of the 
disoasQ has teen established and this is a new record of the 
virus disease of this plant. However, further studies ore 
warranted to determine the voctor(s) and host range and also 
its role in the perpetuation of the virus affecting crcp 
plants.

i i ) . Yellow mosaic of Sebastian la chemasloa

This: virus was also transmitted by wedge grafting only 
(Table 2) but not by sop inoculation or by any of the 
insects tried or through seeds* In this case also, only 
tho viral nature of the disease was established. Thera is 
no report of any virus disease affecting g .chata sales from 
India end hence, this is a new record. Further studies 
arc required in detail about the virus to determine the 
vector(o) and host range.
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As reported by earlier workers, the results of the present 
investigations also have clearly indicated that the woods farm 
an important source o f inoculum for the spread of viruses to 
cultivated plants. $1iq studios showed that yellow vein mosaic 
viruses of Cor ten sparsiflorus and Sifla oord ifolia . lea f curl 
of staehv tarpheta indlca and yellow mosaic mottle o f  p .indlca 
var* :1 aaaicansie can in fect tomato end cause leaf curl symptoms 
vMch indicates the role o f weed hosts in the perpetuation of 
t o  virus whan tomato is  not cultivated* She mosaic virus o f
S.indlca has a l it t le  more wider host range and i t  infected 
plants o f Cucurhitaceae and solanaceae* I t  is  worth 
remembering that weeds like s . indlca are perennial in nature 
end they fora a permanent reservoir for the viruses. So t o  
no cod ait y fo r  the eradication of weeds also becomes a ll t o  
more Important fo r  the successful control of virus diseases 
as evidenced by the result o f  the Btudy* During the course 
of investigation, a few new virus diseases o f the weeds have 
boon recorded, whose role in t o  perpetuation and as a source 
o f virus inoculum for infecting crop plants deserve farther 
elaborate studios* though whitefly*transmitted viruses are 
not generally traaanieeible by mechanical moans, t o  yellow
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■nosnic virus of Micfocooca raorcnrialig - was transmitted by 
Inoculation with sep extracted in phosphate buffer of pH 7.0 
sad. 7»4. Another factor which has been revealed by the 
studies is  the importance and predominance of whitefly- 
tranemitted virusQB in a tropical area lilts Kbrala.



SUMMARY



SUMHABX

Virus diseases affecting ten different species of weed 
plants and their possible relationship with the virus diseases 
of certain cultivated plants were subjected to detailed 
studies* I t  has been found that these tea weeds were affected 
by 13 virus diseases. A ll these viruses were transmitted by 
wedge grafting.

Among the 13 viruses studied, 3 viruses, v i s . , mosaic o f 
Amaranthus v Ir id ic , yellow mosaic o f Mlcrocoeca mercurial!a and 
mosaic o f staohytarphe ta indlca were tr an emitted by s ap 
inoculation and by insect vectors also. The following 8 viruses 
were transmit tad by tho whitefly, Demlsia tabaoi Genu.

1. Yellow vein mosaic o f A sera turn conigoides;
2. lea f curl o f Ageratum copigoidea
3* Yellow vein mosaic of Croton bpareifloras
4. Yellow mosaic of Mlcrococca mercuriaHe
5. Yollow vein mosaic of Slda cordifolia
6. loa f curl of s tachy tarpheta indlca

k

7. Yollow mosaic mottle of Staohytarphe ta iudica var. 
toa icen sle

8. lea f curl of Synedrolla nodiflora
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Three viruses, v is  . f mosaic o f Amar an thug v irid ig , 
mosaic of Clitoria tern a to a and mosaic of Stachytarpheta 
Indies wore tr an gait ted by Aphis craccivora Koch, and Arhip 
ftosBYDif Glov. In the case o f two viruses» v ia . ,  yellow 
mosaic of Hemidegaug indlcuB and Sebaatiania chamselea 
insect transmission tria ls ware not successful.

Out of the 8 wbitefly transmitted viruses 6 viruses, 
v is . , yellow vein mosaic o f A.conisoidea, lea f curl o f
A.conisoldeg.yellow vein mosaic o f Groton soarsifloras 
lea f curl of S.indlca. yellow mosaic mottle of S. indlca var. 
iamaioenelB and leaf curl of S.nodiflora. were successfully 
tran emitted by a single viruliferous white fly . For yellow 
mosaic of Hiorococca bop curl alia and yellow vein mosaic 
of s. cord lfo lia . two viru l i fe r  one white f l ie s  were necessary 
for successful transmission. Yollcw mosaic of M.mercurlalis 
was transmitted by sap inoculation also when the plants 
wore inoculated with the gap extracted in phosphate buffer 
of pH 7 .0 and 7*4*

I t  was found that ten viruliferous white f l ie s  could 
Civc 100 per cent transmission for four viruses, v i s . ,  leaf 
curl o f  ̂ A.conisoidGs. yellow vein mosaic of C.anarslflorus* 
lea f curl of S .indlca and yellow mosaic mottle of 8 .indlca
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voz?..1eiBaiceBBlB» Fifteen whiteflies were required fo r  100 
per cent transmission of yellow vein mosaic o f  A.coniEoideg*
In yellcw mosaic o f M .mercurial!a .yellow vein mosaic of 
a .cordifolia  and leaf curl of S.nodiflara 20 viruHferous 
whiteflies were necessary*

Hone of the thirteen viruses was trananitted through 
the seeds of Infected plants*

She physical properties of the 3 sap transmissible 
viruses were studied* The dilution end point of the mosaic 
virus of A.v irid lp  was “between 1 :1500 and 1 :2000, thermal 
inactivation point “between 55 and 60°C and longevity 
in vitro at room temperature “between 48 and 72 hours and 
at refrigerated condition (5°-10°C) between 72 and 96 hours*

The dilution end point o f the mosaic virus of S.Indlca 
was “between 1 s?50 and 1 s1000, thermal inactivation point 
“between 70 and 75°G and longevity in v itro  at room tempererhLiro 
“between 48 and 72 hours and at refrigerated condition 
bo tween 96 and 120 hours*

Yellow mosaic virus of M.mercurlallB had a dilution 
end point between 1 &10 and 1 225., thermal inactivation 
point between 50 and 55°0 and longevity in v itro  at
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room "Imp era'bore between 8 and 16 hours and. at refrigerated 
condition between 24 and 32 hours*

In tho host range studies * i t  was found that 5 virucoD 
\core not able to infect any plants other than tfreir natural 
ho a is . They are yellow vein mosaic of A.conisoiaes. leaf 
curl o f A.conlgoldee* mosaic o f C litoris ternatea. yellow 
mosaic o f KUrooreurlalia and lea f curl of S.nodlflora.
In the case of yollcw mosaic viruses of Hemidoemus indigus 
and Sebagtlania ohomsalea host range studies were not 
conducted since grafting was the only successful method 
of their transmission. Six viruses, v i s . ,  mosaic of A.virid io 
yellow vein mosaic of C.gnarsiflorus and sida cord lfo lia* 
loaf curl o f g tachy tarnheta indioa, yellow mosaic mottle 
of S.indioa var.jflaaaicengig and mosaic of s .Indlca* on 
a r t if ic ia l inoculation infected other plants Including 
Gome economically important crop plants.

noanio virus of A.virld ig infected A.candatug, A. 
ftanaetieuB. Ceiogla crietata and *; Gomnhrona globesa. a ll 
belonging to the family Amaranths* ce as»

She host range o f yellow vein mosaic of Croton 
awaralflorus and Sida cordifolia  was confined only to a 
□ingle tfifit plant, tomato, in which the viruses produced 
symptoms of leaf curl.
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Loaf curl of staohytarpheta indlca could in fect tomato 
and S»indlca var. ̂ amalcenaie (VerhQDaCQas) in which the 
virus produced leaf curl symptoms.

Host range studies with tho yellow mosaic mottle of 
S.indlca var»,1 apolcengls showed that tomato, Celosla cristate 
and S.lndica were susceptible to infection by the virus and 
i t  produced severe leaf curl symptoms in them*

Mosaic virus of S.lndica was transmitted to 7 different 
test plants, v is . ,  Eenincasa hisplda. Oucumls sativus. 
Oucurbita maxima, griohosantheg anguina (Oucurbitaceae) 
nicotian a' tabacum var. white Burley, H. tabacum var.Samson 
(soianaceaG) and s . lndica var,jasiaicansis ( Verbenaceae ) .
In a ll the 7 hosts the virus produced mosaic symptoms.

2he symptoms, transmission, physical properties and 
host range o f 1he mosaic viruses of A.v ir ld le  and 3 .indlca 
indicated that they may be strains of Amaranthus mosaic 
virus and Cucumis virus I respectively.
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ABSTRACT

Virus diseases affecting ten different weed plants and 
their possible role in the perpetuation of virus diseases of 
certain cultivated plants were investigated, These ten weeds 
were affected by 13 virus diseases*

All the 13 viruses were, transmitted by wedge grafting. 
Among the 13 viruses studied, 3 viruses, v is* , mosaic o f 
Am or an thus v lr ld ia .yQllow mosaic o f Hicrococea morcurlalls ' 
and mosaic of staohytarphe ta indlca viero transmitted by Bop 
inoculation and by insect vectors* Eight viruses, v is* , 
yellow vein mosaic of Agsratum conisoides* laef curl of 
A .ognlsoldeg. yellow vein mosaic of Proton gparslfloras ®a 
Si da cordif o lia * yellow mosaic of Micrococca morcurialiB* leaf 
curl o f  Stachy taroho ta indlca and Ssnedrella nodi flora  and
yellow mosaic mottle o f  Staohytarphe ta intilca var.jaraaiconoia

1
wore tr an emitted by the white f ly , Beaisla tabad Genn.

Throe viruses, v iz* , mosaic viruses of Ansar an thus v lriflis* 
C litoria ternataa and. Stacbytarpheta indlca were transmitted by 
APhio craocivora Koch# and A* goss.vpli Glov# In tho case of 
yellow mosaic viruses o f Hemidegmus IncAcus and Sebagtienia 
chnmaelea insect transmission trials were not successful*



Oat of the 8 whitefly-transmitted viruses 6 were 
successfully -transmitted hy a single virtiliferous white f ly . 
2v;o whiteflies were necessary fo r  the successful transmission 
o f 2 viruses. For 100 per cent transmission ten viruliferous 
whitoflies were required fo r  four viruses; 15 whiteflies were 
required, for one virus and 20 whiteflies for 5 viruses*

Mosaic of A.v irid is  had a dilution end point of 1:15Q0 -  
1:2000# thermal inactivation point of 55-60°C and longevity

fl i i

in vitro at room temperature 48-72 hours and at refrigerated 
condition 72-96 hours.}

She dilution end point o f the mosaic virus o f S.indlcaI
was 1 *750 -  1 *1000, thermal inactivation point 70-75°C and 
longevity In v itro  at room temperature 48-72 hours and at 
refrigerated condition 96-120 hours^

Yellow mosaic virus of M.mercurial!a had a dilution end 
point o f 1:10 -  1:25# thermal inactivation point 50-55°C and 
longevity in v itro  at room temperature 8-16 hours and at 
refrigerated condition 24-32 hours.

In the host range studies i t  was found that six  viruses 
could infect soma plants other than their natural hosts# 
including some economically important plants.



Mosaic virus o f A.v ir ia is  infected A .^idatog, A. 
ganpptlcup, Celoaia cristata and Gomphrena fflohosa causing 
mosaic symptoms in a ll these hosts.

Sellow vein mosaic o f Croton sosvsiflorus and 31da 
cordifolia . leaf curl of Stachytaroheta indica and yellow 
mosaic mottle of S.indica var.iaaaicensis infected toaato, 
producing leaf curl symptoms. Besides tomato* leaf curl of 
£i. indica infected S.indica var.riaaaleenalB also producing 
loa f curl symptoms. Yellow mosaic mottle o f s . indica var. 
ir-gaajcensie produced severe leaf curl symptoms in s . indica 
end Oeloeia crlatata also.

Mosaic virus of 3 .indica infected 7 different test 
plants* v iz . * Benineses hlspida. Caouals nattvua. ■ Cucurbits 
maxima* ffrlohosanthea an gain a. nicotian a tahacnn vor .White 
Burley* ff.tabacum var.Samsun and s . indica var. jaaaicensis 
producing mosaic syr&ptomg.

Based on the symptoms, modes of transmission* physical 
properties and host range of the mosaic viruses of A.viriflls 
and S.indlca.they are identified as strains of Amaranthus 
mosaic virus and Cucumis virus I raspoctively.N


