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Mj alooese ttoaaka ara doa to Mr* S* Vlsaaoatb, HUiata 

Vlrologlat and Dr. H« Baa MoliaQy Aasoclata ProCaaaor aad fiaad, 

Dapaxrtaaot of Ptoyel08» U*A»&*i BaagaIora» for bavlog aarfad aa 

MSbara of wgr Adviaory Oooolttea aiici for tholr valuabla anggaa-

tlona aod erltloaX ravlealog for tba laproTasaot of my tlMila* 

I aa gsataf ttl to J)r* X* Baaa MobaDt liiaa* aaaa* JfXinUBt 

aod Dr« A* BaaHf X.X*Sc*» Bao^Iora for thalr balp In alaotroa 

aloroaoopy* 

X aXao alab to tbank Mr* H.a« fiavlobaodra aad otbera lo 

tlM Sopsrtaaat for tbalr balp* 

X aactand ajr gratltuda to Mr* Aojaoappa, Sklllad Aaalataot, 

U«A*S«t BangalU'a for bla balp lo oarrylog oat field axperlaaata. 



u 

Imst bttt HOI; tilt« Utmrnt, I A99jfljt Mkaov^ddg* «jr f«1dies» 

and qjr iiii8baQ<l« n̂ o iiKve giv«o M a l l t te la0pir«tloQ and 

JtOjrjt • 1986 

(liAH^UU MO) 



GCMXiiue 
JBSSaAiaBSaBh 

f3iia»1»y fitl^f 

X U^BiOUUCSK ]̂ • • < 1 

U B£VIBi 0? llTmhTrnM • • ' 

zxz jussiaat ARD Mĵ tsoDs 15 
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•BcoieflbiM (!<•) ModocbJ i s oa« 9£ tbe laportaa^ v«ge««i>l« 

crops ^o»a t;liroughoat tli« tropical and aoo-troploal parts 

«f tlie sorld aaioljr £or i t s taodar pods vMLoh ara riob ia 

aalGittii •ad Vitanlo 0 aad to a l i t t i a aac&aot for 9—d pro4iio-

tioa* Bhaadi haa ooctipiod ao area of 9OI3 ba in KamatalBi, 

of abioh Bsiitialora district alooa aooouotad for 38^ Iw aad 

stataaida prodaotioa baing 67S97 toooaa* 

Bbeodi ia iofaotad with s ouBber of diseasas oaaaiog 

aobataotial loaaas in /ieLda, Of s l l tba disaasas raportad, 

bbeodi yalloa vaia soaaie virus (BIVHV) i s ooa of tbe aoat 

savara diaaaaas abiob takes a baavy to i l of tba orop io lodis 

(Oapoor, 19!?3t Huoiyappa» 1980t S i o ^ , I960)* t»ifiba and 

Cbakrabartbi (1979) obaarvad 86*00 par oant seed ioas abaa 

bbaadi plants aara lofacted 33 4ays aftar aoaiog. In Ssroatako, 

tbe diaaaaa ia mora eerioua abeo aoaiois i s carried oat fvos 

Jaatiary to Ma/ (Biogb» 1980)* 

Bbaodi yailoa vaio aosaio i s obaxaotarisad b; vaio oiaav-

iog, /ailoaiog of vaiost radaotioo ia iaaf s isa aod froit 

/ i e l d . XtMi diseai^a ia tiraoaaltted by aim abitafiy l a i W A 

tabaoi* Xbougb tba diaaaaa baa baao kooaa ainoa a loos t iaa, 

tbe available iofOLioatioo an tba patbogau*^actor ralatioaabip, 

aourcas of iafactioa, apidaaiologyt boat prafaraoea to tbe 

abitafl / ia ioadaqoata* Xbe causal agaot of tba diaaaaa ia 

aoc knoao* 'fbaraforaf sttaspta aara sada to study tba disaaaa 

aitb tba folloaiag objaotivaat 
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6* RalatiOQSiiipa of BXVifir to otbeff ahltefly trans-
mlttad dissasas* 
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IX. R&vzi% OF unrnkTmB 

Bii«Q<li /dliow T«i» aoMlo (BnfM} «M first 7«pw1i«4 Hjf 

&iaiui7Qi (1924) «Ki Imaexf At;ttdl»4 bjr %{«i jj^ j ^ , . (1940) aoa 

Q«poor aad Vaxwi (19>0)» Study aC cbe oJtfeot oC JIV« io£eo-> 

tioa m tM9 isj^mt^ and jrleld or btea^l »«8 eoadoeted by 

Saatcy eoa S la^ (1973t>)i â o ^oaaa tbat tfaa gr&Mtb OJt tiM 

piaate waa vaxy miioti a toot ad aliati pXaota vara lofeetad in tlia 

early atagaa at tlia orop* Xba eatlMtaa less la / laid aaouo* 

tad to 93*8 par oeot (33 da/ old crop) and 83«63 par oeot 

(3^ da/@ latar). CShalUab aod tforiigasaa (1976^) raportad oa 

the aatlMtloo 9f loas doe to BIVM diaaaaa* !Elia ooobar of 

frolta liarvaotad from plaots ejepresalog a/aptoas of BIVii 30t 

4!» and 60 da/a after aoaiag «aa radnoad li/ 76, ^ . 9 and 47*a 

per cent raapaotlvel/* On otlM»r plants that atioaad e/sptOBS 

of BXVM 30t 45 aod iO da/s after aoalog» the frttlt oia^ar 

harvaatad aaa radaoad to 4, 7 aod 8 raapeotlveljr oos^red to 

16 la tlie healthy plant* 

BbaQdl groan ID Bihar attffers axtaoalvel/ from BIVll 

and la partleuiarl/ savare la vegetable belts where the erop 

i s alMoat QoatlAttoitsl/ oaltlvatad throughoat tiie /ear* fhe 

peroeotaga of lafeetloa has been fouad to var/ from 30-90 

per eaot (Jhs aod Mlshra« 1933)• 

Bheodl plaota wevB infected b/ BXVM at various atagas of 

plant groath (Mandahar and Sl&gb, 19721 Saatr/ aad Slii|̂ »197>^). 

She dlaeaaa had an adverse effect on pleat hel{^t» noaber of 
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br«Qoh6«t QUiri&«r «od aiz« of fruits ana sottd /i«X<3* Sli« 

h i i^s t loss of yield (ab*25^)t eeottxxod la plants simile^ 

o/aptoma on tli« 35x^ day aftar garBlotatioa, and tfea laaat 

()^*8^) 00 tba T t̂b da/ (Slotaa aod CliakratMrthl, 1978)* 

'SbB earlleac aympt&m off MTfVSI lofootad plaata la valo 

olaaslog Uiilkastilt IS^ î Uppal j i j|Ĵ «, 19^t fmetmoAo and 

Udaravaa, 19<^| Kayobeudliurl and jlaxlaQl» 197?I Sarlaai aod 

SaUif 19^1 Capoor aod Vaxmâ  19^) • Vain oloarlog atacts 

00 tba aaall vaiiiB aod ttieo excMda to the larger ooco (Uppal 

J£ 2i** 19^)* Saoaoiaea tbe jrelloa oataorlK of valoa la 

f olloaed by tlM tiilolcaaiag of valoa and valaleta (Nariaiil aad 

datii, 19:^1 Ha/otiaudiitixl and Marlaol, 1977) • 

Vain olaaxiJig i s aooa foUoaad by vainal ^Xoreaia 

CUpoal f i ft4«t 19̂ )̂1 Faraaodo aod Udttravao, 19*^1 EayelMittaiitarl 

aod Sariaul* 19771 Haxiaol î od Batb, 19^1 Capaor aad VasMf 

19^) • Xo aetara oaaea» obldroala a l l ! b« folloaad by eoaplata 

yelloalag 9£ leaveo (KttIlcarQl» 19^41 Uppal j | g^j^^^ 19^0} 

Ha/cbatidliarl and Hariaol* 19771 Harlaal aod Satb« 19^) • 

faroaode aod {Mazavao (19<»̂ 2) raportad tbat fallow valo 

banding nay b« foUoaad t>y Intarvainal olearlog aod olaata 

aoatloaa oa tbo ajdal aida of laavaa. Finally tba frulta that 

arlaa frosi aoeb dleaaaad plant a •re aalfoxBad aod bleaebad 

(Kolkarnlf 19241 Famando ana adarav«i» 19421 Eayobaodbarl 

aad Harlanl» 19771 Harlanl aod &a1̂ » 1938} • 
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^•ed tyylflaioffi t -Craaenissioo tlirougb Meds »•• note 

6t>served la lalieodl aeede (Capoor and VarMf 19<̂ 9t Uppal j £ J2JL*» 

19tK>i Goate, 1969). 

¥y?^B49f?r trfffiimlifflim » 'i*o vlrua iias out tareoaiatcad 

b/ sap (Capoor and Varoay 19<^| Caata, 19691 Oppal Jd̂  iJi** 

19<̂ 0| Bajrobaudhot'l aad Barlaol, 1977) • 

OraXt t;go7ff«l«Mlon t SocoeaaXal î pcaft traoeiiiiaaloQ of 

BIVIl aaa reportad b^ Oapoor aad Vanw (19^9) •»& ^PP î Jtil AiL* 

(19^) . 

Poddar traaaiUjalDii t No raporta aara fouady ao far, 

on doddar traoaaiaaioa of BICVM* 

laau^t tafajyffl̂ gfl̂ ffy i iiina oaa traaaolCted exoioaiiraljr 

by abitafly rt̂ -̂f*'* ^tmol CUK>al ^ ^ M 19<̂ 0t Xia/ofaatidhun 

aod iiar&aait 1977l Vaisiai 19^)* 

^g9itP;i^0B ffffifgff Wia?^ » AosLttiaittioo acoaaa pailod 

wm raported BB 4 ^ bra (iia/obatidbarl aod HarlaQl, 1977)9 

12«-24 bra (Vax3Ba» 1932). Prallolaarj faaUog iMitedly In-

«vaaaad tbe ejeXioady of abitefliea aa vadtoxs (VacBa» 19^)• 

3̂ Pft̂ ttti<?i9q aWfl̂ f iiHiflfl « A Xaadlag period of 30 

Blnutea aaa iofflolaot to txaoaalt; the viriist ^̂ ^ a flva 

ainata probe aaa oot aiiffleleot (Vaxaa, 19^^)* Vaxaa (1933b) 

raporta tbot tbe whltafly B^tabaoi %a capable of barbouriag 

different virosee ainultaoeoualy aou oao readily oauee iofao-

tion in baaltby boat plant oosoaptibla to tbe raapeotiva 



viTttSM 00 t»lM SUM day and cm oootiaM to do so £«r MVOISX 

d«f« nii^oat bsvlag rMocaas to tlie soiu?Q« of lofaetloo* 

Fortalgbtly ao«iog of Mieodl and tba record of ioeldaooa 

of BXVtf and «iie vector |̂ #tabap^ aara oasriod out for a parlod 

of 2 yaara (CliaUlJib £g |^*t 197^)* Multiple ragreaaioo 

analy^ îa lead to tiie oooolualoQ tbat la the 50 dajr old eropt 

laoraaaa of aiiltafl? population brought about 18*^ par oaat 

of the dlae8sa« abila 1 per eaot deoraaae In relative hoaldit/ 

iaoraosed the dlaaaaa ioeldeooa bf 1*2 par oaot* lo the 4$ da/ 

old oropi aialmum tanitorature alooa exerted positive ioflueooa 

OQ tiM dlaaaaa iooidaooe. Parlag the 4>i60 da/a of arop aga» 

ioor-aasa la cba aaazimuB tamparattira by 9*0, rasultad la &*5 

per eeot iooraaaa of tba dlaaaaa« fiigQlfloaat laoraaaa of 

the diaeaaa iaoideooe aaa obaervad in tlie bbeodi erop aoaa in 

MaxolHIa/ ( (^ l l i ab a&d Muruaaaaat 197&«)» 

Qulcural i Oapoor aod Vazaa (19^) aa^aatad the follow-

log aoatrol aeaaaraa (1) aradlcatioo of jj^biaeap tatraahyllua. 

the aild beat of the viroa, (11) obaarviag a eloaad aeaaoo 

of atleaat 2 aaotha durlag aowMr betaeea 2 aoaoeaaiva oropa 

Clli) roguiog of dlaeaaed bhoadi planta at the earlieat ataga 

of their mfeotioQ aod (Iv) keapiog the flelda free from aeeda, 

ahloh aajr belp la t^e nultiplleatioo of the ahltafly* 
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t B»Btry sod Sifi^ (1973t:>) oonaaoted 

a JClel4 trial 9£ ioaeotioldea for the oootool Otf ttw ahitafl/ 

(£«itiliflSl) ^ relati^a to the iacideooe of BXVM* Kaaalta 

rtvealed that 8pa?Qylag ID tlia iaitlai stagaa of tlta orop ^vmt 

aftar garadaa^on la tli« aoet importaat* IT tlie erop aaa aot 

apra/ad within 20 da/a aftar garmlaatloat tbe lacldaooa of 

BXVM aould ba as hlgb aa 100 par oeot raaaltins iQ low /lalda, 

avao if orop Mia apraja^ raguiarljr aftar 20 deya aftar garai» 

oatloo, four to ai:̂  applieatloos of syeteado Ineeotlcldea 

euoh aa setasjatozt rogor sod disaeron aa foliar spraya and 

ooe to tao applicatioos of the graoular thisat aod djrajratox to 

tha soilf Qot ooly radooad uba abitefly popalatiaQ» bat alao 

tlia iooidaoaa of titiU to a ^ r̂eatar extaatf abao cooparad to 

tba yield aod profit of tboeie plota abara oo InBeotleida baa 

baao appllad* 

furtbar trials aere takao up by &^oiSf and Siogb (1973*) 

OQ tbe ^atrlatloa of BlfVIt apraad tbrougb tbe eoatrol of tba 

vaotor ft*tabael« firoe apraad aaa raatrlotad by 4 apraya^ 

aaeh of Paratblon (0«ae9()f oacydaaatoa netbyl (O*0fiSI) or 

diaatboata (1^ kg/ao) at aoalug (Baatry and S la^ , 1979b)• 

A bibber iooidaiioe Of BXVil ecoarrad abac apraya vara dalayed* 

Aocordiag to Polaoicwa&y gja, 2l« (1975)* ÎVK oao be effaa-

tively aioislaftd by tba f urroa applieatloQ of aldloard aod 

earboforaa graoalds at 1*0 kg a«i./ba at tbe tim of aoaiag* 

ill aa treataeaca have accouotod for 15*3 par csot aod 76.2 par 

aaot radootlon m tMo diaaa a iooidaoea ovor tba oootrol* raa* 

pootivaly* PbaratOf faaaolpbotblou, and aapboapbalaa faava 



«i80 redtsed tba iaoiaeQca b/ aor« ttiao ^ per oeat over 

GiMikxTSbarttil sua Muidiop«dbjr«jr (1977) •vaXttated 6 is* 

•«otiol4M» vls»» ttit^l d«Bet9o, p)io«pb0ald»Q» •ndoaBUfto, 

osr&ofuraa, aâ ^ faoltrotfaloa cm *Puaa aaaaoi* vav&atjr of 

1»tieo4i. The laaeetlelclaa sisQificaacljr va4iio«d tbe oiubav af 

dlsaaaed plaota ao4 tiia aHltafliaat irraapeot&va o£ tiia dataa 

9£ 80i«lQg« '21m total /laXda of croatad plaota aaa ai«o sk&kt-

fioaaUy bigbar tban tbat of tba eootrol* 

Obaiiiab (197&) £^or«ad tbat by tibe appUoatSoa of 

aidlcarb grasuiaa (1*0 kg a»l«/ba) a mmiit aXter aealiig and 

apxttjriag aitb aadoaalfaa (Q*07%) at jO da^m aftar eoaiog aad 

aodoaaifaa (9*9?^) at ^ aaya mmf affeativa la radaaiiig 

laoldaooa of BXVIU 

l^tbaaanl jj^ j;^* (1977) r^orted tbat af^ileatloo of 

aldioarb graoulaa folloaed b/ aodoaolfaa raaoltad la tba 

radt»ti9Q of BXVM iQOidaQaa aad aabaaoad fruit jrlald* 

Baaba and Balaaab^aaaojras (1982) obaerved tbat tba 

appiicatiaa of aidioarb (Q«0̂  at 0*5 bg a«i«/ba) on tba 

l^tb da/ o£ soaiag foIXoaad bjf apra/lag »ltb eadosuXfao 

(0.05 bg a«l*/ba) taica oo tba 43tb dajr and 60tb da/ of 

aoaiag or apraflag BDooorotopboa OftO*!̂  per eeot or eodoaalfao 

0«0& par oaot four tiaea at ^ortolgbtl/ liitarvsla eoaaaaQlBg 

from 1^ da/a after soalfig vara fouad to be affaative ID 

radaeiog tbe /alXoa vain aoaalo disaaaa of bbandl* 
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«oodi3Bttd ejq^vlasQts OQ br^eaiog for £i»lA reslst»iio« 60 

BXVM diooooo* Xotierl&aiiDO ottUlieo 1Q ttio oreaooo b«tii«eik 

ZQ 1 ^ aa tibe realotiuit poroat and *PtuHi KaktoaU* S 91 

and 3 72 aa ttie eaaoeptlble paraota^ stt^aat tiiat 2 lool 

ara iovolvad* t^e prea®Qoa of doaloaat aUaXaa at botb ioel 

baiag aaoaaaax/ for oaiiaiog aaaoaptiOllitf for tiie Aiaaaaa* 

ilia floid raaiataooe varietur 10 1^2 oouM tliao be aaaieBad 

tha gaoot^pa W t̂ ^^t XV̂ t IV^ ^^^ ^^ aoaooptlbla paraota 

tn^, X̂ t̂ Xv2 aod Xtg* Stia field raalstaaoa la ahoao b/ 

variety 10 1^2, aad Fuaa Saaaai in a igpaptoaleee oaxriar* 

SaodHu jj^ jy.* (19?^) atudiad tlia aouroa* of raoiataaoa 

to jaasid and i^itafljr io bbeodi garmplaaB* Of aiaatjrfotir 

lioaa of bbeodi germpleaa taatad, tbraa IXmrn, vis*^ 10 1>42, 

•aXeotioo t< f̂ aalaotioo 2-2* axbibitad raaiataaoa to BXVH 

traosaltted by a^j^^aa^ i.«yyyiU^ a aiid ^#oia» froa 

Obaoai «aa aiooet iflnoiia to BX9U diaeaaa and also raaiataot 

to jaaaid* 

AroBttsM and MutbakriaiiaaQ (197d} found £ve^ aaioo 

aoida iQ tiia reaiataiico aieotiaQlaa of &Wi diaaaaa* Loaf 

aoal/ais of paroata and f^ differing io raaetlon to BfVM 

viroa siio«»ed tbat gSjroiaa, biatidiaa and aotm ooideotifiad 

amiao aoida a@ra proaeat la aabstwatiai Moouota OQIJT IQ tba 

raaiataat pleata aad ai^^ar^oa oalf %n tbe aaaoeptlbXa ooaa* 

Siogb and llaaicor (1979) atudiad cbe oatore of raaia* 

taoea to BX?M in l . iaai62i ŷ Mlfflfy ^® folloaiog hybrida 
vora aaed in tbe axperiaaot* 
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"t* A»fBttI»Btti8 (L«) HoMeb «v« FoM S«»«iii cod 
Pass ittldunil* 

2« 4*SllliSi ('̂ •) wdloas cab i$p* Muiiliot* 

•«1f«A as a/̂ ^^tosiless Qmfvtmm* 

Zi3 ex««»a« ^twaoB 2 auffd«p6ii»X« v«2l«tiaa of I9ii#adi 

aad 2 roslfttaii^ f «?m or A*MUMI» v^^isumt ta BXVM «•• 

oatiQg tbe s«ope X»F •Jtfaft&iv© ttdleetfiea CAjmsamsas and 

Matbolci.'iatiiiafi, 1979>* 

On eroaslQg tbe wUA apaoias |*aapi^p^ •&<! «̂ffpa|JiDt 

^^ BP* —ai>>ot. b06ii i^aaiataat %9 BXVMVt î t»li ti» auaaaptl* 

bla A.eac^^tiiis av Ptt̂ a aMaoii «iw bjri»riaa aaara x«aiat;aBt 

8Qd partlaUy JtartUa* Haaiatacaa «as ahma to ba aoatvoUiad 

bjr a alogla 4aaiiiaQt gtaa (Jaiel>bale end Savkar, 1^1)* 

Sharma aad f^soa (198t> faoad a bie^ dessee of zvala-

taoca to tlia i^aptoalasa oasxiar t/pa lo btiafi^ ^•JliULSl 

sub i^» JKlBilUKD* Eaaiataaca aaa foam to ba 4MKliiaDt avâ p 

ausoe^lblllty and baa boao lucorparatad lato tba eooeaptlbla 

Ottltivars of 1alieii4i« "Stm raalataooa appeara to ba iiifluaiioa4 

b/ taap«i?attira« SIMI oaa lioaa avalvad la aOditloQ to saiaia«> 

taiiGa 93^ also aaparlor lo bortiealtaxal ttraita as aemparad 

wltb tbo ooaoiarelalXjr oiUtlvatad variat/ 'Piiaa âMMii** 
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Mmsma otati Ualihor̂ ec (19^^) teatod 43 g«iio&yp«« for 

BXVlfir and mtm» ahowA r«6lat«fio« 60 the Yirtis* Ttr9m t/p«8 

of sjrmpcoas, vis»« jdllow volo, joXloo loaloa and greon 

a&sald* vara obaeanrad OQ tlia gaoetjrpaa. Of 37 variet&aa 

taatad for Bivaiir raalstanaot aooa 9«r9 foaod to ba raalstaat* 

fioaeirart 3 Ilaea, vis . i F.» Zk| bulk ana Alsk? »as€ found Xa@a 

auaoeptsibla raoordiog lass tbaa 10 par eeot iofaatloo 

(&uiMi^iiil«gra4 JJI AJb*t 1977)* 

fitxfafgPlfl^ qlftMlffifft * A tilglMr populatlDQ of 

ijotirleoofaus reniforaifi (fiaoifera naa^toda) aaa obaervad Ifi 

tba rlULso^liera of jralXoa aoaaia lofaetfad btiaodi plaata 

(BiaivaMuur and llarafiaa««uddlo, 1973)* 

Bia^ aad ITlaari (1979) obaarved tbat tto riUj(oapliara 

of healtlif bbaadi plaata eoa^aioad iO ŝbar faogal p^ttlatloaa 

at pra»flo«&ria£ aod poat^floaariog a^gaa tliao pXaota iH" 

feoted aitib BWfWim I'ba dlffaraooea la tba ĵ Msoapbara of 

baaltbjr and dlaaaaad plant a duriog flowering; •eanad to be daa 

to a abaoga 1Q the Q/M ratio and lo oMlao acids doa viros 

iofaotioo* 

PbyaiolQ^ieal cbaoK-ea daa to Biyifif iofaotioo 

ll^Qt^ayiithaaiyt Maodahar and Sinisb (1971) obaerved 

that botblia obloropbjlla a aod b vara dast̂ rosfed b/ BIViir» 

oaettiî bit aoaaio viraa sod pujupkio aosaic virtta. fiamiab 

J l ljk« (1972) iwporbed tbat tbe ebloropb^ll ooQtaat (at b 

aod tiotal) of tba laairea daoraaaed aarkadly daa to BXYMf 
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laf«otioa« The reduotloo in th« ehloropliyll eoot«Bt «•• 

interpreted to be due to tlie eaiiaaoemeat o£ ohlorophylleee 

eeuK/aetlo a«tlvlt;/» Xaothopiii/U aad eeiroteae oooteat ma 

also r«Atiee4 dae to lofeotloo* 

fff#m»Uf Wl?4Ti1fy < î«>i«b 1$ Jl* (1973«) reported 

tliat the oetaloeo aoci peroaddeM eetivlt/ iooreaaed in tbe 

IfMive* oC BZVKV Infeated plaate. Pol/pbeooX oadOaae aotlvlty 

•arkedl/ deoreased* '£lie aaoorble aold oxidase activity 

deoreaaed initially» bat iooreaaed io aevAxely io^eeted 

leaYea* 

yroteina i Singh eod 8riva«t«va (19?%) reported tbat 

tlie fruits oi BVIWI iojfeoted pleats aboeed a sigaificaotly 

bigber aaoant o£ proteio tbaa tbe baaitb/ piaots* Heseveri 

tbo total SMioo seid ooateot deareased «itb tlii asa 9t isfas-

tioa* JsMl j ^ f̂ * (197^) reported tbat total proteiaa io* 

oveaaed io tbe BTilVl ioteoted oaltivar Pass Saaaai* 

ya l̂y f̂f ni^§ « ^•••l MSk Ml* (1975) reported tbat tbe 

BMA Qooteot roae in BXVMV ioireeted bbeodi plantSf while tbere 

sss a fal l in tba Mk oooteot* 

Pheoola and flstanoida s Aruougaa and itothviHriabnan 

(1977) tested 2 bbeodi oultivars siisoeptlble to BSVUVf and 

2 f*»anibQt oaltivars (one inauatt to BiVMV and tbe otber« s 

a/mpts(& leaa carrier)« for tbeir ybenolio and flaveooid 

aootent* Sfeie/ reported tbat tbe pbeoolio aad flaveneid ooo* 

tents sere b i ^ in resistaot pareota and vesy low in tbe 

sosoeDtible ones* 
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ttm iBvtea of BXVM\r laftoted plaata, pliosĵ borus, potasslus, 

Mgaesiuat sodlttOt iron and salpltar oonteat aecowilatad 

witk9X99B ttud oalcittm ooateot daavaaaad* 

aboard a loaar ooataat of tacal aagar* Boaevar, oroda flbra 

sod oarbotiydreta aaa 2̂ acô ded as hlglior ttiao tlie iiaalth/ plaota 

^otty aod VUaoQ, 1975)« S lo^ aod Brivaabava (197^) rapar-

tad tliat frtiita ii.osi iofaotad plaata of bbaodi ooocalD&d algoi«> 

fleaotXy Isaar aaooots o£ total radaolng augara and atarcb 

ooaparod to thoae £s9m baaXctî  plaota* Jaaal ^1 Mk» (197^) • 

rapox'tad that tiaaoca of BTtWI infaotad ooltivar Paaa B««aoi 

aliovad a ẑ oduotî D lo total oarfooliydratiea altbougb tha ia-

aoittbla freotloo aaa a l l ^ t l y laoraaaad* 

icotbari ^ jî * (19d1) tsorkad on tiia paraaaOlllty altax«t4oBa 

aod ajLtraatruiotttral oiiaosaa la jrallov vaia aoaalo of bbeodi* 

SleocroQ aloro,ir8pb6 of a^a/a|̂ toiQatio leavaa ( lolt lal ataga 

of p8tho,^eoaela) aijtoaed cha diaorganlaatioa of oaXl atrootava 

iaeludiog Uie looaaolng of alorofibrillar tobulea, of tba 

oell aallt dataotameat of the plaaaa aaatoaoe trom tha oall 

«all» fermatloa of veaioXea oear tha plaasMi •aBbsaaa, dla* 

orgaalaatloa of gsooa cAd the looaaolag of thylakoldat aad 

tha appeaxaoca of piaatoslohuXl io the o/toplaaa. The 

altoohoodria m^se uoaffaotad. At the vela oieaxias ataga 

(later ataga oi pathoga^aalajt the oytopiaaa mtm highly 
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v«oaol8t«d and o««ro8«« thflBkoiAa «exe assooiated «itb 

aaltlveaioiilate bodies, foraatioa out paxaaural bodies 

000tirr«4 «ith i^a degradatioa ftf osasopiiiUi gia)>aiea* 

Mitiooliofidria «bo«ad no obaoges io aeabxaoeat iiaiavaPf tlia 

cri«taa nara avollaa. 



M / ^ - P E Z R I r i l _ rf^MO M E T M O O S 
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I I I . jfATmiiAL ASD mmsm 

Survey 

A «srf«jr ••« o«nle4 out in floa« of the tjbeiidi sroKlag 

areas of BaQgalara» &olar and Tuatciir dlatrlota of Xaraacaka* 

to reoord tbe looldooce of jrallow valo aooalo dioaasa* and 

aliare tlie bhesdi crop i s lass tbao 0«^ aora t ^ total ouabar 

of plaata aad tt» lofeoted plaata aere raeorded. itiara tlie 

plot; alae was oaa aojĉ e ot- met thao oaa acxOf tuiaot/ roaa of 

10 Mtre laogth aora seleotad raodoaly aod tba total ntuiber 

o£ plaQta aod iafaoted plaota aero reoordod td oaloulata tiM 

peroaotagd of iofeotloa* 

Bbeodl (looal varlatj *abite valvott Balabaode) 999^ 

vara SOVQ ID aarthao pota of also 9 x 6 iacbea or polytliaaa 

baga of eiaa 9 x 4 loobea fIliad aith fam jard aaoura* Wtiao 

tho aaadliaga aara 9-1$ da/a old» tlia/ mtv ooed for varloiia 

ojcpexlaifita io tlia laOoracor/. 

The ooltore of the disease aaa obtained from the fassara 

fiolda near llain Eaaaai<oh &tat;io&» Uoivoraity of Agrioiiltaral 

Bolaooaat HabiMl, Baoealora aad graft ioooolatod to healthjr 

bhan4i plaot;8 by oaiag virttliferoiia afaitefliea ^ftftltflf 

^abaci^ in ao ioaoot proof glaaa hooae* 'X*he looal bhendi 

variety ahita veliret CHalabeoda) aaa iiaad lo al l tha traoa-

a4aaicN3 experimeata (ualaas othemiae acatad). 

I ' ^ ' " ' * ' ' - ' ^ - • • • ->' . EC'?MCE5- " J J I i . 1 9 2 3 



J 6 

ha aepirator oampzl&lag of • ^^sa tuba ( ^ oa Laogtli 

and D«b oa d;Ua0t«r) and a rabl>er tube of 40 cm laagtb «aa 

oaed for tlie oolleotloa of abltafUaa. Xlie ahltafliaa W3P9 

eolleota4 bj tttroicg the laavea ali^^tl/ itpaarda* and ttoy 

vera sucked la to tba :̂ l3a8 tube. The wfaltefliea (Fis* 1) vo^o 

raleasad ota oottor̂  plante ((fioasy îuai hiratttm^ var* Lakalwl) 

kept in Insect rearing eagea aod subaa<iiiaotly aaiotaload oo 

ootto i bjr £re.̂ iient;ly iDtroduolos tbd youo^ oottOQ aeedUo^ 

into tkie raarlQg eago (Plij* 2)« 

A aoodao fcaaa SDaaarlos ^^ x ^5 x 50 at aaa eooatsttotad* 

tfosIlQ oletli aaa fixed oa tlirae ^d^a asd oa tte topt " 1 ^ 

feflool. Slia froQt aide was covered «itb a glaaa door abieb 

could be eaaiXjf aoved oo tbe groovea laada io tbe eoodeo £nuM* 

Thia fxaae aaa f l ted oo a wooden reataogalar baae (43*5 x 

4i>*̂  X 10 om)« Potted cotton plaota vere kept inaida tke 

oage oDd tliB wbitoflids vere roieaaed* 

whitefXiea aero eollected from rearing eagea and releaaed 

into poijrvin/l obloride CfVC) tobea io abicb a l^lCiWi infected 

braneb waia inaarted psewioualjr and ail owed to feed for 24 luw 



Pig. 1. Wbitefly Bemiaia tabaci was maintained 
on oottoaTGroaayDTum birsatum cv. 
Varelalcslimi; for experimental use. 

Fig. 2 . Heotangular wooden cage used for 
rearing the wbitefly B.tabaoi. 



\.' v,̂  * 

:^6.jk..^ 
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(•«qai0itioti 8QO09S period) (Fig* 3)* Ihe viruUfexvue 

tiiiitefllea w««o ^^leaoed ooto heelthy bheadl Beedlloga tif 

using sBSll plBBtic tabes and fsers allovsd to fssd for 24 

hooi-s (laoottiatioQ aeeaoa period). Aftsr iaoeulstioa, the 

pisots sere reaovedf and sprayed aitis 0«1 per eeat aala-

tidoo or 0«1 pe:r east diaethoata to idJii a l l tbe ahitafliaa* 

The ioooulated plants mere icDpt la tba glass botise for 

•jn^teia productloa* 

Side graftlog matbod aaa aaployed. !£taa diseased 

soioos fvaa UWBi infeoted plaotNi aava aade iatiQ a *V* 

alwped atmotasa* 'ite soioos m&r^ ioaerted into slaotiog 

o«ts aada on tlie etaok plsats of btMndi* 

£&» grafted portloa aaa tied aitb a pel/tbdoe strip 

ead ttoe soioo i»as oovar^d nitb a pol/ctaene b&s* She ioostt-

lated plants ^^rm kept in a oool place ia tto glaas bouae 

f«r a/sptott prodOBtioo* 

'QiQ BTlWf infeoted leaves sere bex^fested 1p da/s aflMir 

ioooulstloo aad sieoarated in a pestle sad mortar b/ addiug 

2 nl/g of Q«1 M pbospaate buffer, pH y«0» oootaiaiag 1 per 

oeot 2«-ttas«aptoetb8nol* -Uie res tat lag pulp aaa swraioed 

tdirougb a auslia olotb. Carbaraodiun was spread cm tbe upper 

auri'aoe o£ bealtby Ubeodi leaves end laooul«itioa sss aoda bjr 



f ig . 3* ixooQd polyvlayl chloride (FVC) cage 
used In varloas transmlssloa experi­
ments, White£l7 B.tabaci was re lea­
sed oa BZVUV iofe'oted bbeadi plants 
for aoqaisitioQ access* 
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rubbing tihe aurfaot of Itaves wltb oott^o dipped la UM 

•jctraot (iaooaim)* V iSxoMs inooaiua MS Miab«d «itb mmfv 

using • «asl»»bottl« and tbe loooiilatad plaoiis vara kept in 

an ios«<it*proof glasa bouae for a/opton production. 0X££9-

reat boat planta aera inoouiatad* 

Eoat range atodlea were eondoeted by raising seedlioga 

of variooa plant speaiea tbron^ aaeds and inoealatiiig tbas 

sitb BIfllV tbrou^ tbe asant ^•JlBttifii* ibitafiiaa mwn 

givao tt 2/^ he aoquialtioa aooaaa and 46 br inooolatioa 

ftoooaa parioda. î be Inoealatad aaedlinga vara k^t in a 

a;iaaa bouaa for ay apt ̂  production. HIM plant apaoiaa tbat 

did not prodsoa any ajoi^oai vara baek iadaxad on baaltby 

bbeodl aeedlin^Ei to kooa if tbara aere any a/aptaalaaa 

oarriara* 

Fortni^tijr ^slngs aera done atarting from Januar^t 

19^ to Deoaauaar, 198^ at tbe JMio Baoaarob Station, Uaivaraitj 

•£ igrioulttiral Soienoaa, Uebbalf Bangalore, fbe local 

variety *abite velvet' (Halabeoda) aaa oaed* Soaing «aa 

oarriad oat at a apacing of 60 x JO ea in an area of 10 x 1^ 

faet and raplioated tbrioe* ilbe iQOiaenoe 9i tb«; diseaaa 

aas raaordad at 4, % 12 aod 14 aaeka after Miiiag. 
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i f c i t ^ I y DQPtilatloa IQ relat ion to aoaing d a f a 

f ertaigbtly sovin^ ••re done as described \m6me 

Aiseese iooideooe io relation to eoelog da tea. Tlie ouaber 

8£ adulte £«Jcl]2iSi *®^ reoorded et 4, 8, 12 and 14 eeeke 

atter seeing by direet ooiMitiag eo tlie oodersovfaoe el ttie 

Xeevee and in a felloe eater pan (dianeter 1^ ea)| isoft 

Jaooary, 19^ to DeoeMber, 196&* Io direet oountinst ^0 

leave* eere exaaioed for adults io eaeb replieatlon* Xellee 

eater peas eere leapt io tbe oeotre of eaeli plot £rojB 6 a*m* 

to ^ p*a« i»is» 4 ) , iitie Quaber of ehitejriies falleo ioto 

tlie eater pan eere couated at ^ p«a* 

•bitefliea C^«tabao )̂ eere givea a 24 br aoquisl^iob 

aeoeea period oo Soaato leaf aurl vlrti8» Horaegraa jrelloa 

aaeaio vinta, Ifalvaatroa /elloe irein aoealo virtt8» and 

OrotoQ yelloe vein aoaaio viroa infeeted plants a^eretel/t 

aod ttae/ eere .eleaaed on bealtby bbeodi seedlings fer 46 

lum» TbiB looealeted plants eere kept ia tte glass boaae 

for sfaptoa production* 

Blolê ^y af f.mUffi^ on bheodi 

a?«eoty pairs of ebiteflies (teeoty aales and teeat/ 

f conies) eere releesed into e saall plastic cage* A siogle 

leaf ees inaerted into the eage end tbe bole maa plugged e i ^ 

file:///m6me


ig« 4. Xeliow plastic pan with water kept; la 
the centre of a bhendi plot for moni-
torlag whltefly population. 



3.. ^^ 

\ - < 

:J^' 

-A^Ufefe^' 



2(1 

oottoa* ibIttSlio* were allM«d ts ovl^esltioa oo tli« 

onddssurface of loavss for 72 tu? oo 10 loaves aod tbe adttlta 

vera raawad* fbo ogga laid vara ooootad aad acpa oxaalQod 

daiij for batoblog* 2 ^ davalopsiaat of 1«t| Sod and î ri 

loatara of l«JiikfiSl <*°̂  popaa ware dally imamined tuidar a 

•taraoblQooalar Bioroeoope. 'S^ Qiay»er of adults aaarged 

aod tlie adttlti loagavitiy aara also raoordad* Tiia variatloo 

in t ^ feottodlty aad duratltta of dlffeiHiot atagea of ft>tabae|> 

vera raeordad* 

Ooa moQtb old saadiloga of aifXaront; boat plaota «as« 

kept IQ a sMill s^ss ohasber (10 ft x 10 ft x 1^ ft>* About 

1000 ttliltaflioa aara raleaaed into tiw oliaBl»ar« Tt^ abita-

f l i e s vara alloaad to settle on tba plsats* Taeoty four* 

48 sod 72 boura aftav ralaaaat tba abltafUas ware oouotad 

oa diffairant bost pla&ts aapasstaly* 

Parttioatloa aathoda dasoribM for Mma goldao mosalo 

viroB (Goodaan jyĵ  §]^t§ 197?) and borsagraa faUoa sosaio 

viroa (Moyaljapps jfH î̂ *, 1986, la prasa) m^n «Bplojrad (yiltb 

8ll.:ibt modlfloatlooa) for tba purlfloatloa of Yiroa from yallaa 

nosaio Infected bb@Ddl plaota* Bbaadl saadlin@i were loooo^ 

lated soon after ^rmiisatioa wltb vlrallfei'oi£9 0bltefllas» 

f irst ox* seodod leaves sbowlog t/ploal jralloavsln Moaale 
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a/B^toos wer* iiarv&atea 1CM^ <iafB after loooulatlou* 'Qm in-

Xd«t<Nl Ie«v«s ii«re hftao^Mlted io • bleiia«r wltb 0*1 X p»1»* 

ssiiui pho^^ta bufXert pH 7*^ ooatalalag 1 p*r «eot, 2-acr» 

eaptMCbaool, 10 oM sodloa eti^ieae dlaaloo tetx« ao«t4UM 

(KDTA) and 1 rtl oystelne h/aroohlorlde* Tlire«*£oar • ! of 

bttffar nas 84dad par gran of leaf tieaue* Tba axtxaot «aa 

•traloed througli a obeeae olotsb and elariflad at lOfOOO spa 

for 20 nlQutea. Xo tba auparDateott pol/etliyleQe glyeol 

iVSQ 6%) aod aodiaa cbloride (0*2 M) mm added and tlia alxttirf 

aaa leapt at 4«C for 3 lir and tihao eeatxifaged at 10»000 spB fax 

20 Bioata** !!!ba pellets were dlaaolved in 0*02 M pboapt̂ ata 

boffaSf pa 7«$ (O*^ ml/m of tlaaaa) aad olarlfied at 10«000 

rp» for 10 ain. ^b:itea X̂ OO (0*501) aea added and the aixtore 

gaotly atlrred* iLHeotyflve ol of tlie extivoot vera Xajaxed oo 

a 13 al eolaao of 10 per oeot aacroae prepared io 0*00 M 

pboapfaate Ouffert pî  7*^ aad MAtrlfuged at 2̂ t<300 spa for 

3 iir la a Beokiaao Stf 28 rotor, aad tbe pellota were reaua-

peoded io pbo^bata buffer* "SbM aaapeoaloQ *as aobjeoted to 

deoaity gradleot oeatrlfugation* a!lM (sradidDt QOlaoaa vera 

prepared by Xayeriog 6» 9t 9 end 9 ol of lOOt 200i 300 and 

400 ga/L of aooroae ID pboapbate buffer (0*02 M) and tbeo 

•tored overaigbt at 4*0 before t»e* Five al of virtia prepara«-

tioo vaa layered OQ eaob gredleot ooXuao aad oeotrlfttged at 

23f000 rpa for 3 br In aa Si 28 robor* 'Iba fraotloos eere 

oolleettid and aoî eaaed in a UV apeotrepbotoaeter* 23M free* 

tiooa «blob abooed taayjrmaa abaorbaooe at 260 oa oere pooled 
Btkd oeQ'jrlfuged at 3&iOOO rpa vfor 3 tis« fk» peUeta vert 
dleeolYed. in 0«>^ al of pbo^bate btaffor* 
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SiM purlXi<2at;lcm mUliod used for 9ksm aosslo virus 

(Givord and Hir l̂i« ^7^)WB also attTMiplwd, £ese forlfieotloii 

of BXVifV* Ihio hundred gnuw of frosoo diseosod loaves ooro 

liOAOgOfiLsod In a ussliis bleodor oitti 1«$ voluao 9£ 0*01 II 

sodium ptiospuata ba£for» pH 7| eoatalQlag sodlon t»i8tilflt0t 

0«$ per ooot» 1 pes oast beotoaito aod 10 lag assoealttA 

oliioclde* After t»eiag fiXtared tiurougb a obaeea clotht tie 

flUorai^a was cootrifaged for 20 BlQ-at 12,000 s* ^̂kt* supor* 

oataitt was tliea aAoleifled for ^ ttia* oltb 0*^ volnw of a-

t>at»aol and looabated for 1 br at 4*0 and tbeo oeatrlfttgad 

for 5 mXa* at 1^00 g« !£be aqueous pbasa oaa eaatxlfosad for 

10 mia at 6000 s* ^^ ottparaataat ooUooted »as ooatrlfoged 

for 120 Bio at lOOfOOO g« Tim peUet i^taiaed wa rosao* 

peoded ovexQlgbt lo 0*1 II sodlom phoepiiate buffer (pB 7*5) 

OOQtalDlag 0*01 M Ĵ fA* Slw soapeosloa oaa fartiier oaaterl-

faged for 20 oloutea at 12|000 g* 2 ^ sttperaataat aos ttea 

oeatrifaged for 120 mia* at 100*000 g» 0 ^ pallet obtaloed 

WM rosttspoaded ovemMit la 0»0t M pho^bata baffer pH 7t 

nalag VlOtb of tlie Initial voluaa* ^le saperoataat aas OM* 

trifagad for 20 aia at 129 000 g* Siie vlraa saat^le aaa naga* 

tively ataioed witii 2 per eeot areofl aootatot pB ^•7 audi 

oxOAloed lo a Fblllps ^01 0 eleetroa aiorosoope. Partiols 

diaaoter aeasaĵ aeNCits aere Bade (m slOî Ocsrapiia* 

\fiittin^ffirffiyy 

Sttall piooes of laf eoted tlssoe (2 an z 5 aa) aalol/ 

the aalo eod seoondary velaa were fixed in 1 per eeat glata* 

raldebjPde in pboapbate buffer (PB« 0*'^) pH 7*2 for ><^ hr 
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• t 4*0* Afcer fixatiloDi t ^ tissues »«?• Mabed 4 tlsM 

in fB for 10 mXa eaeti* Tte tli^sue «•• tiMQ tssfisf^rs*^ to 

2 por ooat emiitt totrojdde in 0*1 M Fi« Attor post flx*-

tloQ Ui« aaterlal vas vaalied 4 tinaa lo tiia btitX^se £w 10 

alo eaotk* 

Iha apeolaeo «ae dabydretad lo 2^^ ^» 75 par oaot 

soatooa for 15 fila aooh at 4*0 and taiee la 100 par aeot ^ 

aoatone at rooia taBperatora. 

TiM matarlal aaa loflltratad lo 2t1 ratio folXoaad bf 

i t2 aoatooa t raalo mlxtnra (altbout aa aoealarater) for 

50 ala aaoh and tbeo traaafarred to tba para raalo nlxtara 

and leapt oireral^t« 

Iha material was aabeddad lo apumasdlom io a robdar 

mould sad poljraarlaod ot 70*0 far 6 iir« 

iRIi 4206 (f ioj l 0/aiehajcaaa dioadda) 10 ga 

am 756 (digXjold/l atbar of polprop/laao giyool) 
6*0 gB 

181 (Booao/l Saeelalo aob/drida) 2&«0 &m 

SZ (diiaatli/X aalfio atitaoel) or Dtfii 0*4 g« 

Aftar propar polyaerlsatioot tba blocka vara triaaed to a 

pfreald sbapa to oxpoee tba eabaddad tiasaa for aootiooiog* 

About 600<<f'00 A tblokaaaa aeotiooa wro takan in Ultraoat 

Blorotoao using abarp glasa icolvea. Sbo aeotioaa aara 



oolleeted on eopp«r p̂clds* !Cti® tblo seotloos QoIleet«d oo 

grids «ere 8tala@d vlth 2 p«r o«iit tirsoyl aQ«t«t« and 

sodluB oltratd. l̂%a samples vers ssaalasd la JlOIi tOO OX 

aiMtroa aiorosoope. 

Serological rolatioasbips of porlfied BZViir with 

0tilK»r plaal; viroses 111^ Bella<lotuia ttot;t;led vlrua CBDiir), 

caottfl&ar ooaaic viriie (CMV) aod okrs mosaic vix̂ tis ((Xfif> was 

t€0ta4 bjr tlia a^r se2> double dlffooioo ^eofaaiqiie usiag 

1 par eeot agar io 0*1 M j^oapbata boffar* Hia puzlfiad 

virtu «ae placed la the oeotral veil and aotibodlea to OMIT, 

BDiV aoa Dif\r vere placed in t̂ e ea^r »ell8* 1%a aamplea 

mm^ alioved to difftise OTar̂ l̂ t̂ aod ©xaaloed for pracl* 

pltlQ lloea the next da/« 
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Sli« re»ttlt« Of ttio •ap«rifleiit« on the studies o£ blieodl 

jellow v«iD Bosaic virus diasast Sir* preiieated ID tlM foLlOs-

iog ptgM* 

A survey sss undsvtskdo to «sse8» cite iacideaee 9t 

blieiidi jrelisn veia aosalo virus disease in so&e sf tlie lilieiidi 

igeowia^ acsss of Baotplore, Kolar sod Ŝ uakur distriots. lQOi» 

denes sf tiie disesae was reetrded and data ««pe preaeoted io 

Table 1. Tile data iodieated that the peroaotage of BXVMV 

varied with tbs seaa»o» 

Tlie iooideoee of disesse vsried fros 1*8 par asot to 

80 psr eaii% dspeodiag oo the sessoo in shioli tlie orop saa 

groan. Xooideooa was high la ApriX-4laf and Io« io Aaguat-

OotoOer aoao erope Soiaa of the plota anrvs/ed aare ver/ 

aaverely lofaated (Pig* $, 6) . 

Meahaoioai tEraosaisaioo aaa attesptad to find out 

whether the BTiWl ia tsooaolaaihis sod to know if there 

9r9 00/ Xoeal iiraioa hoats. ]>iffereat hoat apeoisa sere 

ioooalated aitb STfiff 9a deaoribed aader aatariala aod 

aethoda* Noos of the loooulated plaota ahoaed aay sjryptoaa 

(Taoia 2) . 



^. Bbeocll var. Fosa Sawani was infeoted with 
BlfVMV under field conditions. Young stage 
of the erop is being infeoted. 

6. Bhendi var. Pusa Sawaoi was infeoted with 
B2VMV under field oonditions. Infeoted 
plants produced a few pods. 
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BIEVMV ««8 tssoBiBit;t«d hj gveftlng tstm iofeeted bbeodl 

to li«iiltby bli@Q4i« <Sis>it/ •0V«o to 100 |̂ «r aoiit tamtiMdMioii 

MS 0bMXf«d. 2oooal«««4 piiiits tootc 1>«SO da/s to sliow tho 

•/•ptOM (Habio 1»)« 

BXtKir «• desorl&ed itoaer stfitaciAls ana aotihod** M*^SkSSk 

tnwMdtted BieV^ to biieodi and tlio per oast; tranamlssioo «ea 

faoad tipto toa par oaot. S/s^tosia appeared 1(M5 days »£tm: 

iiioottlatloQ tlirwagh B.tabaai (fabla ^% Fi^* 7, • } • 

ihltefIlea fed tlkrough parafila aei^rsiie oa ^ e Infeeted 

axtxeat ma partially parlfled viras saaple «ere iQooula&ed 

m iMsltlgr t^ndl plaoisa for 4S bra. Mooe of tlie looealatad 

plaots shooed saraptoaa (tl̂ a&le $)» 

ZQ vrdar to detaindBe tlw host jwaga of BXYMV dlf f erest 

host ^^olea vore loooiOated t^tli ^ .sa^fl . as desorlOed under 

aateriala aod mtl3oda« £IM loootilated plaota «ara k^t ander 

oi»8ervatlon for 2«^ aoottie io a ^ass botiae. 39M reaolta of 

tile boat range are pr^eeoted lo faOla 6« Of 31 plant apeoias 

ioeeulatad, iiimiiorpia ap. md ^imn SMm Ĉ %* 9> «oro 



fli* 7t BteaOi iof««t«« with iOtm wkmXm 
00 in iMf • ! • • • 

fl«« •• MMndl Uoves oboniat̂  l»ei|^ y«l.lMi 
Yfii) M0ftic •/optoas e£t«r iaooala* 



l>?» 

JKVg'* Jfffk 

m. 
' « ! 



!#•! 4<irllig «ad orlQkXla£> after 
Inooalatloa with BXVKV* 
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•iisp«et;ed to be iofeoted nltb BUlS* OrlalEl.lag» curliog aad 

v«iQ t̂iiolfcoalag «ere tlie ajrmptoBs aeea on these plantSt whiob 

are different irooi tbe typloal QTfiff s/mŝ tooB. 

33ie dtts CQ tlie efft^ct ol* fortoigtitl/ eoviaij on bbaodl 

|r@LI(Ni vela Bosalc UnsX&tao^ «£« 9V«a«fit<icl io £«bl.fi ?• l!li« 

iocldeooe varied £roa lees tliaa aae per oeat to 60 per eeot 

depending OQ tbe seasoa* Cropa soeo fâ oa Jaauary to Me/ 

•boned h i ^ ioeideoee (21-60^)• Crops «o«a iroa late Joae 

to H9veal:>er eboeed ioe iaoideaeet ebiie tbe ovopa aowa ia 

earijr Juae and Deeealbcr eboeed ooderete ioeideiMe (21^5^)• 

fbe spseed ef tbe disease eas sloe apto 4 neeka /̂î Moderate 

from 'i-tb to 8tb aesk* Tki& ioeideooe rapidly Inereased from 

8tb to 1 t̂h seek, la llareb aoea orops (2>->-Q&) the iooideoee 

opto 4 »eek8t aim ineideooe froa 4 to 8tb veek« 8-i2tb week 

aad 12*«14tb eeeb eaa 3»9» 20*10t 47«6 and 60*1 per oeot re«~ 

peetivel/* Sbe ebiufly populetioo eaa sore io oropa aeea 

frea Jaotiar/ to early Jaoe a&d ioe from late Jime to earljr 

fieaesber. ibitsefly popalatioa started iaoreasing from late 

i)eoeBb#r and Jaaoarjr reaebiog peaks io î 'ebraax/i Marob» April 

end May, aad tbeo sloeiy deoreaeed apto Juoe* Frots July to 

JKave«ber» tbe deorease io ebitefly popoiatlaii eea "very rapid* 

ibitefiy p^uiatioo eas correlated eitb tbe disease iooideaee 

(l%t»le ?t '̂ig« 10)« 
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f««tlwr data waa qolleoted from tba aetaorelogioal 

Observatory looaced 1Q tJM MalQ Heaeareb StatioOi Uoiverslti/ 

of Agrloaltaral SoleooaSf Bebbal, BangalorOt «^er« al l the 

ex^erioeoca were eooduotad during 198^. Sbe dat^ OQ aazlaaB 

and aiolauB tamparatare, ralaclva hooidlt/ aod ralofall aro 

presaated lo Xabla 6« B l ^ veetor popiilatioQ aaa dlraotljr 

correlatad with tlie bigb t̂ empera&ara la asyuMr* l̂ie lo« 

abltofly popttlatloa la lata kliarif aod rabl aoa oorselatad 

witb blgb ralof allf lov tanparatora aod blesb hoiBldlt;/* 

!£lM reauUa raportad lo Xabla 9 lodloa «aa tbat tbo 

bbeodl aaa oot lofeotad «ltb toiaaco lasf early borsagiraK 

/elloa ttoaaloi nalvaatroA /allow valo moaalo, Crotoo yalloii 

valQ sooalo aod oaaaava moaalo vlroaea* (l?oiaato leaf ottrl« 

liosbaaa jralloa ffloaaloi Halvastrum /alloa velo iio«alc aod 

Crotoo jralloo vaio aoaalo wm tanioamlttad D/ M*^^^ to 

toaatOf llaabeaoy ilalvaatrua aad Orotoo raapaetoivaljr (fablao 

lOf 11 y 12}• !StkOttgb tAk« fiyroptoaia oo Ilalvaatrua ana OrotoQ 

vera similar to s/nptooa of bbaodl jralloa vein aioealo vlros, 

tliajr oara oot traaaaltted to bbeodl (Tables 10t 11 y 12)• 

Biology Of i« f̂tt̂ f̂ , on bhaodl 

^eo t / pairs ol' edaXt wbltef liea aere released ou bbeodl 

and oottoa pleats aod alloyied to eviposic for 7a br ee aasori-

bad uoder ostexlala aod stftbods* Feoaodity, doretlotii of eaob 

stage aod aiirvival rate ecEL̂a x>eoordedy sod results sre praaea-> 

ted in fsbles 13 and 14. 
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Tk» darati^a of ĉ S** i8t» 2B&» 5^4 las tar oyn^bs, 

puif and adults cm aell as agts to adult vas found to ba 

4*6, >^» 2-^, 2^^ >-6, 8«21 aod 21*49 de/s ra^j^atlval/ 

00 Uiaiidi* flia total dttratloo of ags to adiat la aottoo 

was 20-41 dajra (Sabla 14), ii/aptial Inatara aod adalt 

darati^n »aa mora OQ ttboodl oooparad to aottoo* 33ia QIUBJMT 

ftf agga laid aaa blgli on ootton mn^ laaa lo bbaodl* MMO 

20 palra a£ abltafllaa aaâ a ralaaaad par laaf for 72 lur 

OQ blieodl and eottoa, tlie nliltafllaa laid 321 agga oa 

oottoti aod 101 agga OQ Oliaadi* Cotton la tiiarefora lilgtol/ 

pcafajcrad for agg laylog* lo t>liaadi, oat of 101 •m»t d̂  

•t̂ ga ha tolled aod baeaaa lot loatar ajroplia* Floall/t 42 

adttlta vara oi;>taiQad# Êliare aas xortallt/ at aaoh otasa* 

Mortality of eaob ataga WBB ht^r io bbeodi eoaparod to 

oottoQ (Tabla 14), 

0i36«eQd-«*̂ balf miOtAk old aaadlloga of Otieadi.A>OQnyaoiftaa« 

£*lBI£y£ki2Sai&» ^^^^f boraasraa, lialvaatroa and toaato vara 

kKipt ifi a aaall glass tiouso roos (10 ft x 10 f t x 1^ ft)«AOoat 

1000 «lki?'aflio8 •ei'o rdiaased into ^a room* Twoot/fourt 43 

arid 72 him after relcaoeitlie whioeflles aero ooiiotad ou t;ba 

hosts &aparat.el>'« Olie data aro paresaoted IQ £ai»la 1̂ « i'te 

resul'os ravealad that cottou (13^)t liorsagram (1^0)» Asarstaa 

(128) aad toaato (1^2) sttraotad asra adalt ahltafliasf abila 



30 

itas idiltatllea, Blaaadl aitrsotead tiM least ouiaber o£ 

•iiltafliaa* liamits iodioat«a tiiat bliaodi la not a pralerred 

Ii08« 10 tbe proaaQoa of aaveraX 9ther boat plaata* 

la addltlaa to kaaplog aevasal plaata togatbari oottoo 

aad iabeodli bsraagsitt ae& tikneoAlf toaato QQ& blK>adl» Asaoitiui 

aod i9lieadl» Grotoa and atiOQdl and italvaatn̂ um and Obeadl vera 

•aparetaly leapt la glass otuMĤ era audi aOout 200 whltefllaa 

vara raleaoed aod oouotad* Hbt oui^ara of aliltef Ilea oo bbeadl 

and other boat pleota aara reoovdad after 24^ 48 and 72 hra. 

"Hha reaalta ara pveaaiited in Table 16, 17* IB* 19$ 20 and 21* 

Tint resttlta ravaaled tiiat la a l l yie aaq^arlaaiita Umidl oould 

aot attraot aaoy adult aliltefllea* ite^iar tte btieadl plaot 

la kept aloog altti laao/ lioat plaota or Individual boat plaotat 

i t attraoted leas abltefllsat ibaa al l tba beat plaota ara 

iraaovad, tba abltefllaa aattlad oo bbaadl (Sable 22), 

wbao abltefIlea aaie ralaaaad on baaltby and lofaoted 

plaota of iabeodlf tba yellow vain aoealo Inieotad plaata 

attxaoted mora abltefUea (9^ after 72 br) oompared to 

b€»altby plaota ( j^ after 72 br) C^bla 23)• 

Partially purified pi^eparatloas «ere aado from bbeodl 

plaota 15 dajra after looeulatloo «ltb 3Ttm (Fiis* 11)* Bbeodl 



Fig. 11. Inoculation of ohendi seodlings with BTfW 
for porification o£ v i rus . Leaves were 
harvested 15 days after inoculation. 
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leaves oootalQ abaiiaaat (quantity of auollaga whieb wikes ess-

traotloa more dif f icult . Ooaoeotratlon of virus was laeasored 

by Bpeot»ropiiotofflet;rlo observetlsa of virus 2 ones folloniag 

sttorose density gradient oeatrifugatloa (tig* 12}• 

She virus oonoeotratiCK} seems to be very lo« (-f-S a ^ 

al/300 g of virus sample). Tbe fraotioos that showed a peak 

absorbaoce at 2S0 am were pooled and pelleted. Treatnent of 

exferacta with 0.5 per cent T3?lton X-IOO before layering 00 

sucrose cushion resulted in a virus preparation silth leas 

host material. 

Bleetroo microscopy of purified virus praparatlons 

showed spherical virus particles 20-2^ nm size (Fig* 13»14). 

Uranyl acetate was used for staining the particles. Howevar, 

ultra^thin sections observed under the electron aioroscopa 

did not show any virus particles. 

In the agar gal double diffusion method pax*t;ial purified 

BlNm ^^i'^^A to react with oJoa moeaic virus (obtained from 

Dr. L« Crivord)« Balladonna mottla virus and ooeuaber mosaic 

virus antisesft (obtaioed from Dr. fi.S. Savithri). 
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fig* 13* Sleotron miorograpb of BTfUN par t ic les 
measuring ^<^ ^^'^^ under M. 



Fig.15 



Fig. 14. Electron mlcrosraph of BIVMV particles 
measuring ^o-'^^n^n under EM. 



Fig.14 
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Xabld 2« 8«p iooouiatlDa or BTlia teo 4if£«reQt boat plaots 

HflBt inofiulatad 

Aftiilllflllft —fltti«p*ttf 

Cb«aoDOdlua aaBXAiitioolor 

Crototi a o f ^ l o r i ^ 

I>«tiiJMi •traaoDlutt 

£VB))9{&^ ap 

iiifi»1piiflA gi«JilrlA2il 

yhafoliia VUIMBAB ev» top orop 

BOt 

So. 

> i£>£eot;e4 

looottlatad 

o/a^ 

0/25 

0/25 

0/60 

0/20 

0/60 

0/20 

Q/iH} 

Per oeot 
lofMtloa 

0 

0 

0 

0 

0 

0 

0 

0 

*20-*25 •liit«£Ii«8 (vsiiich mev protlously giveo 24 br •oaoisitiLoa 
•ooaee period) ii«re released per plaat aod alLovad to feed for 
2<̂  itt. 
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Table 3 . Graft traosiolsaion of BXViCV to bbeodl. 

nm>9r ia£m9fd i'£.coat lacabytion 

iiUiU>ar iQCMSiOatad* aisaloa l o <te/s 

1 55AO 87.50 15-eO 

8 20/20 100.00 15-80 

*0oly tbe graft aatabUelied plaata wara infaotad* 
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Table 4. sintefly traosaleslot: of VI9Wf^ 

SaabQif ififeoted 
• ' "" "" 1 

Huab«r ifioealat̂ d'' 

Per oeat 

BiasioB 

Xoeiibotloo 
period 

lo 4mf9 

50/50 

Qo/ao 

100 

100 

10-15 

10*17 

*10 viruil£«7Dua «bit6JrJli€»s were svaosirerî od tio eaoh M^dliog* 

^bltefll«e vera siveo 24 iir «o<|alal«iQa aoa 24 tir iooeia««ioo 
99owm periods* 
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XMt« «̂ feeding «hite£i&«« oo tbe dxtra«t from tlie wma iofM-
ted l«aY«0 ttirou^ a neabraiM wad laooalatlag iMcltby 

llaak>97 i{Lf«ot«d P«r cent XooubatloQ 
£39«xrSjMa& " ii' txmm^ p«x*loA 

Sittb«r ioooulat«4 aisfiioa io difa 

0/20 0 «* 

0/25 0 

*10 irtilteflles were xnooulatad to eaob aaadiiag. 
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3labl« &• BMt raiigo of BlVtfV 

Host lfioauXate4^ 

ffrfifciglt^lM •*otti»at»M 

Aitftotltfclll foaobatiaa 

isALuyitt Mim 

A£fiS&i£ î £&aSiSi 

A«Tatttm cDoygfldea 

padaoii^ jMi^fifl 

Qarfja — ^ ^ 

fffilimftf^iMM j i i iKt t 

£C2lBa AB£S9l£l£e9A 
g^^lj a8tl¥i|̂  

Jltti2fiiZte«9^ 

a—aypjum f ] | ^ | f g m 

(jH^cin^ mut 

mJ^SSM iZMTtllifMlfl 

^^biaoiif l aabdarjfdli 

J^£irfi£^^9l£S^ £aSttIS&£lUI 

MslvaoM* 

MalvaoMo 

MalvaoMM 

iiaivMece 

X««t^ttaiaoM« 

AsteraoMo 

Itâ ULBlooswa 

Solaoaoeaa 

Oarioaoaaa 

Apoo/aiMooaa 

Supborbiaaasa 

Otaoarbitaoaaa 

liuphorblaoaaa 

Milaaoaaa 

LegoBliioaae 

Milvaaaaa 

Malvaaaae 

i«agttsloaaaa 

Solaoaoase 

MiSUifiitiXim t r t t l lg l f l t fH l MivMOM 

Jlo*lafaota4 

[o*lQoouIatad 

2^/25 

0^15 

0/20 

V10 

Q/20 

0/525 

0/20 

Q/ZO 

0/20 

0/10 

0/20 

0/25 

V 5 0 

0/20 

0/30 

0/20 

Q/20 

0/20 

0^0 

0/20 

100 

0 

0 

1 0 

0 

0 

0 

0 

0 

0 

0 

0 

16 

0 

0 

0 

0 

0 

0 

0 

taatil.oa 
saried 
10 dlJPS 

10-15 

* 

«» 

20-55 

-

«» 

-

-

• 

-

• 

• 

20-25 

• 

«• 

• 

<m 

«» 

-

«» 
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1!«Dl0 6 00Q«4*.) 

&m% ioooalAiitd' 

jwrtiftoM mMkmm 

1 

£^B&lijr 

P»48liao«ae 

Legtadoosae 

Xiegoadaotao 

Ao«laj(doti@d 

Ho.iaooulatidd 

<y2o 

0/10 

0/40 

Q/^0 

0/20 

0^0 

0/20 

0/20 

q/to 

0/20 

•issioo 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

tlOQ 
varied 
la Aafa 

<mf 

«l» 

^riolKliaa; of leaves* 



t 

pq 

^ 

6̂ 

m 
g 
CQ 

Is 
09 

ai 

8-

K S S ^ 8 @ 8 8 8 S ^ 8 S l 

t ? S O ^ u ^ d t A O u N i A ^ a N 3 \ i J N 
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8 8 8 ^ 8 S 8 @ 8 S ^ S ^ ? 8 
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• » • 
Cv »«N t» . _ 
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^ lA 

CM 

iD <D i£> y> f f f f 

40 



m 

tn 

I 

\ 

41 

i 

(Q 

\ 

§ 
0Q 

^ 

(4 

If 

• • • • • • • • • • • • 

• • • ' - - -
$ ^ ^ 

• • • • • • • • • f t * 

^ R ^ ^ w 8 8 ^ ^ 8 il} 81 
t- t* O V # «A 

S l ^ S 8 8 8 8 S ^ $ 8 l ^ 8 
• • • • • • • • • • • • O O O r- f r-

8 » a ? 8 8 8 8 8 8 R S 
« • • • • • • • • « • • 

lA <j> tA !A I 
« (V 

a> 50 sA ift tA I J ̂ Y ̂  

? 

8 

I 
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S^U &» VMtter dsca la rtlacioQ to viiltefly populatloo 
and lnoidQaoe of BIVUV doriag 193^ 

M^atbs 

jAQiiassr 

r^braary 

Maxob 

A ^ l l 

lity 

Jt»« 

Jiiljr 

ikv^m% 

Qept9tBbms 

Oot9b«v 

BOVMIAMKP 

3?«Ap»v8ture (*0) 

j^jj^yj^ftiiffll 

2e»60 

^ • 6 0 

3 3 . ^ 

^^•20 

37t30 

2 9 » ^ 

28.40 

28»76 

28«9i^ 

27«82 

2S»'}6 

mf^jmi:^ 

'HI.OO 

15.70 

17.20 

21.90 

21*50 

20.00 

19,40 

19*60 

19*66 

17*98 

16.15 

Beis«lve hualdityC^) 

720 lur 

86,00 

77.03 

7^.19 

77*00 

^ . 0 0 

87*0D 

92*00 

^ • 0 0 

91*00 

90*00 

90*20 

1420 tUf 

40*00 

32.64 

30.00 

34*00 

38.00 

54.00 

60.00 

57.20 

59.00 

54*00 

50*49 

(BM) 

-

30.60 

0*40 

urn 

«• 

-

• 

«» 

-

mm 

«• 

Bmmiii9ie 27.18 16*44 89*23 51.23 



^.:] 

fsbU ?• SraoMiMioQ of •bit«XIy treosaltted vlrtwM to Mitadl 

Haw of vims 
Boat 

ioo«ii-> 
latod 

Ho*of pUoto 
mmmgmiSmaEJtMSSSkmmm 

iro«of pXaato 
iooesuUitod 

Soffioto loaf oitrX Btieadi 0/20 

LlJMbooii jpolleo 

OOAMTO mooolo 

Orotoa jollov 
VOlO iBOSOiO 

Bliottdi 

Bbeodi 

MolYOStrMi f oilov Blioodi via aoooio «»•««* 

Bheodi 

0/20 

0/20 

0/50 

0/50 

0 

0 

0 

0 
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T«oi« 10. Xraosffllflsioo of Orotpp ap«||iif^ftgiip y^llm v«lo aioaalo 

Bost iaottulatsod a Vanll/ 
iSe«iao-> 

Oaaawra — aihfA 

ttalvaaeaa 

Solsaaoeaa 

iiupborbia^eaa 

SmmansMiUm S«pi»orbia«aaa 

î aaharto â up Eupborblaoaaa 

Ifa^lfb Dttiyttgwy LogiuiiJioaaa 

Maart^tj^oqa ttniflogfia IiegttBiooaaa 

JEll lt lJJi JiMlfM X/atsualooaae 

Q/30 

0/25 

Q/20 

20/20 

0/10 

0/20 

0/20 

0/20 

0/20 

0 

0 

0 

100 

0 

Q 

0 

0 

0 

7-^0 

10«»15 vimlifaroaa «lilt«ru.«a vara ralaaaad on aaob plant. 

^allQw veto* 
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aa<! otter liosti p l i o t i 

Host laoottljit«d* faaU/ 
i ^ Bleaton 

Zfioa]»9» 
tioo 

MTlod 
la da/a 

Wii"^«iffffT¥Tff*ltii> TTTiTlfftmTii nm 

TTTiWmVMniimW SMSSiSSMB 

MMSiuBmSSmmmM 
JOESXMSUmmSmm 

Lesttalooeoo 

A8t«x«oeae 

Oarioaooae 

X<«gtiaiao(M« 

3ol«ii«oe«« 

MalvaoM* 

Q/ZQ 

0/10 

Q/ao 

0/10 

om 

0^0 

0/10 

0/20 

0/20 

0 

0 

0 

0 

0 

0 

0 

0 

100 

0 

0 

0 

0 

7«-10 

*10<^5 vlrulifeirotts uhltefllds ««re rslesaed ooto ofleli 8«(xlUog* 
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Bami «r tte viva* 
Host 

inDen* 
Xatea 

ltd* al 
ilaata Per oaat loaaba* 

Biaaca f«ff oanu fciaB 
inraatwd la?aoa~ «*«d 

S0.0J DUata alaaloB | ^ aSJa ifioottiata4r 

Bbaaai j9llom vela 
•aa«lc vlruA Bbea4i lO/̂ K) 100 1CM5 

Toaato 10/10 100 10H2 

mosaic virus Hara<igri(m 10/10 m̂ 7-̂ 0 

Oaaaava moaaia vixna Oaaaava Q/10 

Maivaatsiia jailaa 
vaia aoaelQ virua 

llVAat: 
•K'l^^D 

10/10 100 10-15 

Qraton /e l loa vela 
aiiaatffl viĵ aa 10/10 100 10-15 

*10*15 viruUXaroua i^itaf l iea aara vaiaaaa4 aata iiaaUii/ aaadliaga 



4 / 

T9ittl» 13* Durati^Q of 9mt 6i££wa% in«t»r8 and sdtats »f 
l*IU2S2l ^ b&OQdl ana oott^oo 

•'• "" ' ' ' "' •" ' \ ""••'" ' 

Paslod Orop«« mm ^ W ^ ^ f^»*«^ •„ ^ « ^ *^«^* ^ a l 
1st Sod 5cd 

to 

"^9^ aii«B4i 4-6 > 5 2-5 2«6 3-6 8-21 21-49 

^ 1 ^ Cottoo 3 - ^ 3 - 5 2-£^ 2-̂ ^ 3-5 ?*^9 20--(H 

*20 pairs of al i l tdf l ios v«r« r«l9aaod per Imui for 48 to. 

Averago otf 10 loaves. 



4S 

_ _ _ ^ DiSatiM 

Pariod Crap* igga »f«ptoX iii»<»g« F I ^ ^ Adulta ^ a i J * 
lat aaa ii!« ^ *V» 

HaxoH BlMOdl 'KH 6^ 70 93 ^ ^ 21*^9 
1985 

^W »̂<̂ *<»» 521 290 265 243 230 205 19-^1 

*20 palra of alilteriiaa j^laaaad par laaf twe 72 hr. 

^Avavaga af 10 laavea. 
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BMt^ 

Btl«3||dl 

OrotOQ SDarsif ItkTtts 

OftttOQ 

HQa?8«gsam 

lialvsstrum 

Sooate 

â  

5* 

128 

56 

185 

158 

65 

152 

48 

5f 

120 

51 

190 

109 

61 

125 

?« 

•5 

110 

47 

158 

l«l 

>l 

95 

^kpgroxXmaiitilf 1000 f^ltdTllaa vara raleaaad %ato giaaa oliaalbar* 
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S«bl« 16* RAlatlTe •ttrsetlvooess of oettoa maA bt)#odi to 
•liitofIjr fl.tobooi* 

t̂itaber of nhltefUoo roeordod boos* 
Qf^ oftor soioooo 

24 48 72 

Oottson 181̂  142 12^ 

Bboi^ 19 28 19 

^Af orogo of 2 «jqp«slMMtt8 

^Approxlaotoly 200 oliltefXioo ooiro relooaed loto glsos oiMiabor. 
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t9 Vilitiafijr j|«i| | ij |g^« 

a^ 49 72 

51 If 

*AV«M^ Of 2 oj^eriaeQt* 

^4pproxlaitHd/ 200 nhitofJLlaa o«ffe releoMd lato gloss eliaalHir* 
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Sftble 1d« Helstivt atta.*aotiveiiee« o£ tomato aad blieodi to 

Orop* 
JSiiBbar of abltefllea raoordad hotira 

after s9l»Ba9 

aif 4s 72 

toaato 127 136 119 

MMndi ^ as a% 

^Avasaga of 2 as^arisieata 

^Approacloatel/ 200 friiitaJtllaa vara relaaaad into glaaa ahartiag. 
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lablt 19. Ralativ© att;rsetlv«M«i of k^mMB Ogm^l^fft •B^ 

w Suiib«3? fwt nblti^fiies i«eoi.*de4 hours aftAv 

24 40 72 

Blmdl 2» 17 10 

Âp£)rO3ciB0ti«ljr 200 •lil^efiies ««?• r«i«««04 latit> glass olMiAioif* 
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'^olfi 20* BeUtive •t̂ traeUvooGSS of Qrefeop aa>3Baififtrmi and 
bbeo&i to vhitefly |,i^t>y^l^ 

MttHDdip o£ «bit«flies r9««rd«<l lioitrs afttjf 
Crop* "^'"" 

24 48 TSt 
««HMMMII«MaiMN<i«)».«BlVMtMlia««MIMa«MaMBMI^^ 

^ ^ g i Q g „ « m n 39 

Bh&o&l 35 59 t1 

*AY«ztt̂  of 2 ejq̂ erjjBOOtA 

'App^9xXtmti0lf 200 iiilsii««fll«« «•«# relidSMd ioto t ^ glass 
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Jiuitoer of tthlt6XIie« rMorAad hours after 

2« 48 7S 

Malvaatraa j ^ •& a^ 

BD«oai 16 S 10 

^4pproaclaat;oly 200 vdlkiteflî fi vttce r«l«8sed loto tbe glaas ohaitiiar* 
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TabLt 22* HsUtlve attzootzlveaese of btieadl %o whlftly B*t»baoi* 

24 48 72 

179 160 151 

^Af̂ prozlBately 200 vhitefllAs ««r« released loto the glass ohanber* 
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fsbl^ 23* a«lailve attaradtivaaea* of lQf*et;a4 and baaXt̂ y blieadi 
«9 ^tHlSiSi" 

Jiiuil»«r Qi alilliafUaa 3*aaoarda4 booca after 
Orap*̂  ^ ^ ^ « ^ 

24 46 72 

t^HbiSfr -̂ ^ 120 95 

BaaXtby bba&dl $5 ^9 36 

*Av«rasa Osf 2 axj^ariaaata 

^Appwixlmfly 20J iihlte£l.l@0 vara ralesaed. 



O I S C L J S S I O l N | 
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V. umQmsim 

BlModl /«IJLw v«lQ amaU vims iBWW) ic on* of ^ e 

m&mt eeoaoBlociil/ iopez^taot dlseaaos of &ii«o41 Xa lodls* 

JDIM di«Mks« «as f irst ri^arted in HslMssfltUNi (KallBuml«192^)* 

Sboii^ the diseaoe la peeBmkt in Zodla eiiiot • v^y long 

tiatt BO «yste»itlo eiitusts bave l>o«a sad* to ebarseterlse 

tba virtui and to kaoa tlia aancoaa of lDfoetloa« UMOf oopaota 

of tiia dlaaaao ara oot oaXX ondiaratood* 

Sba preeaot lovaati^tloiia tbaraf era vera aodartakan 

OQ oooroaa of iofeotioQi api4aalo4ogloal a^eota of tba 

dioaaoof pivif&oatloii of tiM vtctta aod aleotroo aleroaoop/* 

flu) sosipojr ooQdootad to aaao^ tk» iooldoiioa of WPtWI 

in ooa* Oliaftdi î̂ oalog 03?ooa of BaogolcHpa, JILolar sod Saakitr 

dlatrluta ravaalad tluit tfaa pax^aaataî  of lueldaooa varied 

froa oaaaOQ to ooasoQ* Tb9 diaeaaa oaa found in a l i t^a 

tiliaiidi f i0ldo stirvayad. Dtixiag tb» Idtajeif aaaooat ttaa iooi^ 

daooo varied froa Xoso tliaa 1 to 1^ poir eaiit* ^ a iooidaooa 

«ao iil#ar aad itseraeoed aarloidl/ ia aauair aoQtIka and tiM 

isoideneo rangad from 11 to 00 par caot (£at>ia 1)* ftlgliav 

iaoidattoa doriag aooasir oouid Oa ottritmtad to bighar aiiitafi/ 

p^alatiao (liCObia 7)* 

aXVUV iofaatad plaota aicliibitad /alloa vain moaaio 

8|rmpisoiBa» vaia oiaarlug, allgbt oarXiiis of iofeoted iBmem 

and aligbt radnotioo io tlia iaof aioo« 
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Xtrljr iQfeeted plaota mmst mmwely •tuated* Xaf»o«e4 

pUots |^9dao«d tm t n a t s 9£ a MMIIX »%M%* 'S^W ajfmptow 

••re aiaUar to t;lioa« daMî ibed bjr Varoaodo and fMoswraD 

(19^) and Kalkajmi (192^) and Uppal jJi jii* (19^)* 

BXVinr aao not; trnttemlsslbla by aap loooiOatloa (7«bU 2)« 

larliar atudiea also pvovad tluit BXVMT was oet sap tsanaBUal-

bla (Hajebattdliari and Havlaoit 1977)* Soaaver» aona oT tha 

aiiltafl/ cransaltted dlaeaaoa as* traosmittad b/ aaaliaiilaal 

•aaiia* fhaj axa aasaio af ffii*iftffl1?ti1' pgttni^olif (Casta and 

Oarvalhpy 1960)» oasaava Bosalo (Marohoux ^ |ŷ «» 1960), baao 

goldao Boaalo viraa (Helnara ^ 2i«#1979) and Biiogbaao jrallea 

Boaaio disaaaa (Hooda t l i i « » 1903)• S'aU.ara to txauwlt 

•ashaalcally lo tiia pxraaaot; lovastifattjo aajr ba doa to 

varlotia faotora ilka tba tHifJCav ooî lQaciOQ, pigralology sf 

tha taat plaat* vixua eaaoaatratioa la the leaf saaiplaa aod 

faliara to raaob ttw pbioaa tisaua* It aaa obsoe^ed that 

BZVMV vaa tvaoamlttad oaly 0/ tiia aliltef Ijr iBgyyA MUtBk* 

S/s^toaa appaasad aitblii ICM^ da^ after laooalatloo \3f 

ft^tabaal* Slallar otearvatloQa WS9 alao reported by varioua 

aaricara (filnglii 19dO| tfimlyappa and Veereah« 199^1 V«raa9l9^i 

SynMaaari I960)* 

Zo OBTder to isiae the sooroea of lafeotlon to biieiidl» 

aavaral boat plaota (lUble 6) mwe9 loooalated altb BXVMf by 

B*tabael. BXVMIf «ea not txaoaaltted to toaato« faaratua. 

MSQtSMBSSOh Oaaaavat Orotoo aod borsagsam* It la at lU aot 

Imoafi aa to boa tiia bbendl oapop gate lofaotad lo oatnra. 
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velo aosaio disseeses prMieot oa Crotoo aaci MalVMtraa ii«r« 

«laiXar to tbe yellov voia aosole 9£ blioiiai* Cx̂ oss inoeiilJi-' 

tloae txf^ OrotOQ ao4 ItelVAstrtn to bboodi and fiH>a Oikoadl 

to Orotoo aa^ lfalv««tjrtm dia oot reaoit io asy txnoafldLaaloo 

(Tablaa 10» 11) • Stmaoaar (1930) rapovte^ t tot Altfaa^ 

»as iafeotdd olth BTim, 

Ttke 0$99mi liad a psptnaaA affaot o» tha loeldeaoe Af 

diaaaaa* istia loeiddooa aaa low aboo aowioga aare dooa fraa 

iata Jaoa to aarXjr D@e«ab€7 and ^lo Jjooidaiiee «aa lilgli 

APOB lata Paaani>ei? to aarljr ifttaa aoaa 02?09@« Higtiar tba 

y^tOatloa o£ tlie vaotoTt lilgtiar 999 tiM iooiaanoa Oif tlw 

dl«aaaa« BXVM7 ii}«idati0a vaziad liAtli dlifttPant aeaeaoa 

(Sabla 7 ) . Siia aiatafa;/ popalatloa garaOiiaUjr iooreaaad from 

lata Dea<MibaiP and rea^ia4 a paak la Tabmacar sad Masaii* 'Sb0 

fopttlatioa tiMQ deoraaaad gradoaUjr^ raaabing tiM loaast 

aaa)>a!ra £s9n Asgast to HofMbar. 

fiigb t;aap•catttl;̂ at iPa^ r̂ os' oa saJLofalXf eaa Io« 

liaaldlty aeotrllmtad to tbe ioaraaae la tba vaotev popaXatloA 

Xvou Jaaoaxy to Itoy* Loa whltel i / popalatiioo ^kirlog tlw 

•oatba of July to ^ov^itber aaa salatad to bigh caAafallt 

Itm tanpasatara aad tULgb litBd.dit]r* Sial lar saaalta af aaa-

aoaal varlatlDoa of <ilie whltafijr popuiatioa hava beaa roportad 

b/ ObalUab £ 1 £!»• (191f^)f Siagt> 11 Mk* (1977) «id Siagb 

(1980), 
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Prefcreoee of nhiteflies ô ^lit^tent host plants 

^mied that tiui nwYJmijtei Qttciber of eggSy iigrKpiia« ^tipia aad 

and aetata vara fauod ao aattoa, foliaaad bjr iiaa?aagvam» 

AaaxatoA, tonato» MtlYaatroA, Orotoo and bheodl in a 

daavaaalQg axdar vai^otlvaljr* 

Blolo^i/ af l̂ >ta>>aoi OQ i»hondi and eattaa alioaed that 

tiM daratioo â  agga* Istf 2a4» 3s^ loatar Qrsi?hSt pcqpaat 

and adttlta vara £ouiid la 4-69 >-$• 2«^| 2«4y ><4, d-<1 and 

21«49 dajra raapeetiiraJljr OQ bfaeadl* ii/mphal loatara aod adoit 

duratioa saa aore on btoodl ooapasad to that 00 oottaa* JBgS 

lading saa battar on oottot^ thao au bh^ndl* Thoush tha 

l̂ raXaraooe of whitaflias to bbeadi la iasai ainlwHi otnhav 

of ahltefllaa praaaot la the field vara enough to oansa aod 

apraad tha dlaaaae. Biology of £«J^2^2£i vas atodiad ao 

diffarant hoat plaota by sevaral vorkaars (Prathl end Samaal* 

19<̂ 2{ fiosaaln and IPrabao, 19JS5I Johnson ^ sJ^m^ 19621 

MurogaaaQ and CheXllah, 1978i Salkia, 19a$t Annapuma, 19d )̂« 

Undar laboratory oooditiooat oattoot horaagraa, Aaaxatast 

and touto attracted ciora ahltafUas and Malvastmat Grotao 

and bhaodl attraotod a Xoa oiiubars* Xo additioa» oora naaher 

SI Shit&flias vara attraotad to yellos aAsalo lofaoted planta* 

fatten and Allen (1963) Observed that B.̂ ^^aa^ praltorad Una-

bean goldaa moeAle sneoaptlble g»XSBSSM» ^'^ >*̂ <̂  papaa af 

j^»tabfoi oooaxred In ooapaa suaoeptlble to opvpaa golden 

iBoaaio. Ovlposltlon af fl^tabaol WB. higher OQ /alios aosaia 
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ifitMt«4 auiogliMa plants tiMo m ti««ii«ii/ pJUrnts (MttnigMta 

ftod CbeiUaUt 197B)* AoMpuTQa (198^) also oboorved B»r<t 

fl9ipe@itioi3 OQ / • i l M KAMle lafeet«d laguat plaotw tfaaa oo 

healtlijr plAots* 

kttmip%» to pttrlf/ BXVmr l^oa bliaodi »a« sneoMeful 

and ^ M r l o a i partioiea 20-^^ m aiaaatar vara oi»asva4 la 

tba aiaatroQ alasaaeopa* SifV<̂ jr«l aatboda aaira «npl0/ad for 

tba i a i t i a l pai7lfioat4dD« Baoanaa oT ttoaiiaga in tlia tiaa«a» 

tlM axtreetloa aas maz*a 4i££i«alt;* I t la aaattaed that aoaa 

vlrua la txappad la tlia atiaUaga* J£fforta to tatmk anolUga 

lo ^m iQ l t ia l «tag@8 tUgfat lielp la tiia toattai? reoovasjr af 

virus partlaiea* aavasal aorlBasa hafa attaapted to popriejr 

t^a Ylraa Isoa BXVUir iofaetad plaata bat bava fai lad to do 

30« tfaaj of tlie ab i ta f l / t raaaa i t t^ jraULoa mtmXQ ^i»»aM 

iiava bean aboaa to be ^naad bj gaJnaloata vlvuaaa (Qoodaaa)* 

It ia aot elaar £9oa ttie elaota?9 aioroaeopj i^ tber St9WI 

alao la a germlaata vlziis* FrelialQary ei^erlaesta oo 

aerologlcal idaat l t / of tbe ilaiia bava aaggeatad that 

BlfMf ia oait^s? a fjwnririia aov a eaoiamo vlxus* Boaevar 

tik& Imk Of oroaa raaotivity altb aotiaartta far BDHT asS 

QIW ooaia alao ba diia to tba ioa oooaaotsatioa BJOflOf oaad* 

fartbaar axperlaoata usiag s^ra oaaaaatratad BlfW aad aot i * 

aaira to otbar gaxiaaata ulroaaa aoaXd ba aaaeaaaxj for 

ooapiato idaatlfloatioo* 

'i!ba parifioatloi3 af axum aauXd baip la pvodmias 

aatlaasaa ablob ia aaaf a l la dataotlog tiia BVtWl aatigatt 

la beat aad vaater tiaaaaa* It aotild alaa ba oaafal la 
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•pidMdolosjr And tMtlog gaxsplaMi for tite prMMMieo Bf 

BXTMir iof Mtioa* 

BXTMRT i« one Of tt9 ottio ooBStralats io tiM «aItlv«-> 

tioQ of bli«odi in loAim* Xho oprood of tlie <UUoooo lo 

Mlotiod to oMAon aod obaodooco of veotor popuUtioa* Slio 

diooooo i s sttvero in ottuor oad oarljr Idiarif and loo darlog 

tlw la to ktMxlf aod rot>l ooooono lo JUjmataisA* 

Xatogratod ooatroX proffvoa IMO to i»o ovoived for 

offootlvo aooagoHont of tlie dlsoaoo* Xa oddit&oot roolo-

taot ooorooo lor tbo dlsoooo liavo to bo idoatlfiod and 

iQOorporatad la t ^ broodiog for dloooao ro«lotaaoo» 

Hoo a bbQQdi osop gata iafootod lo tlia flald io atilX 

not kooan. Biare oa/ ba tioat plaata iofaeted altli Bl?wr 

abloh 00/ earve aa aooroaa of lofaotioo to tbe bbaodi arep* 

Ttia ia varjr vital la ttadarotaadlog tlw apidanioiogsr aod 

eootrol of tlio dlaaaaa« 

ZQ aatiaeram is prodaoadi for ttao BTiWi oevoral host 

plaota artifloiaXlj looottlated aod alao planta froa fialdo 

ooold ba tooted for tlia praoooao of BVrMf iofaotioo. £voa 

o/aptoMlaaa oarriora aould bo ideotifiad* 

Wa bava beao attooosaful lo ^M partial purifioatioa of 

BXVlIf aod bsva identified vima partiolea in tbe elaetroo 

Biorogropba £m^ tbe firat tiaa* 9ii« ooiad balp in fortlMnp 
obaraatariaatioQ elie virua* 
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VI. SUMiiAaY 

HM reealte s£ the atodiea of btendl fUm v«io BOMIO 

viniB art siuMirlaed liexeuociert 

1. S/piosL jeiXoB vela aoaaie sji^toaB vers obsertad to 

^endi plaot« iQXeot;«4 nich SZVMV* fur«liexmQc«» vela elear*-

iag» tiilekealog of veins and velnleta aad dvarfed frulta were 

alaa ^served In loXeoted plaota* 

2* A sttTvey of aooe Of the bbeodl gronlog axeaa of 

Baagalore» Xuakop and iLolar distrleta revealed ttmt ttoo p«jp-

••Qtage of disease looldecee varied fron •aasoo to aeaaoii* 

&lgiier laoldeooe of tJMi< disease ess observed In ttae suaner 

and los iQ ktiavlf seasons. 

5* ttXfWf oas Qot traoaalsslble tbroagb sap liioottla«loo» 

IMH was traosoltted by graftlos sad nbltefly B.tabad* 

^» Of 31 piaat apGOlea laooiiXated f t ^ t ^ ^ sp and 

Althaea r o ^ shooed orliikllog aod oarllag and vein thloJcsQiiig* 

$• Data of soolQg on the laeldeoce of the disease •» 

«eU as shltefl/ p^^latlon shooed thst the seaaoQ had a 

^afoood off est oo the looldefiQe of the disease as sail aa 

ahltefl/ popolat^ofi* Qropa aoan from Jafioar/ to llaj ahosad 

kW^ loeldeooe C21«60l!i&) ohlle oropa sooo fron Jitoe to 

DeoemOer shosed loe loeldeooe* *£be looldeooe of dlsesse 

sss dlreotl/ eozreleted to veotor popolstioa* 
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6* Btendi was oot inioQUed witii tometo leaf oarl» 

tionegraa /•Xiew ac»M»le« Jiaivaatrua /aXlaa vain aoaaifi, 

Orotoo jalloa vain •osalo* easaava noaaio virusea* 

7* lOia diirati3Q •£ tiie agga* lat, 2ad, 3s^ iaatav 

i f m ^ i pupaag aad adal«« aaora l̂ oodi to ba 4«6t >$» 2«-$» 

3*40 9-21 and 21-*49 dajra ipaapaetiYal/ 9a bhaodi* 'i!te total 

duration oif egg; to adult in oottoa agtsa laid MS blgii oo ootton 

and lesa ic bliaDdi* Mortallt/ of caoh ata^ »ae bibbar in 

bbeodi compared to oottoo* 

a* Frafasaooa Of ahltefliaa to dlfraraot boat plant* 

aboaad tliat tbd aaxXmrn ooiBbar of adalta vara attraatad to 

oottooe f oUoaad bjf iiOicaagsaB« Aiasatast teoatOt MalvaatmA, 

QrotoQ and bbeedl in a daovaaaiog ordar, reepeotlval/* 

9« Attanpta to porlfy the WNWJ froa biiendi vaa partlalljr 

siiccaeQful and apborloal particles of 20«^^ tm la dlaaatar 

vara obaarvad In an alaotron nleroaoopa* 

10. In llaltad double diffaaioo taata» QTlWt did net 

raact altb aBtlaertui of eksa moaala vlxua. Balladooa mottla 

virua and a otiieiWl»ar otoaaio vima* 
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vi« BMmmom 

AooaporfMit S*» 19Q̂ » ispldemlology of borŝ gram /•lion oosaio 
vlTM in Itsoae ereps. ll*Bo*(A6VlO 3!lM«lfl (lliipiit>llflll«4), 
Uoiv«r8it/ of Agdooltural SO1«MM, Bea^or«» 95 9P* 

AruBtigam, H« aad iitttlialcrlslio«o» 0*£«» 1977* ]^Mioli«i sad 
Xl«VMioi4s o^spositsioQ of t>b«odi fAlm vXn aoMio virus 
•ff«o««d Uavea of blioQ4i* iHlEig Afarl> J#. j ^ t 8^9«6^« 

Arttaiiê a« &• and ifatliakxialiiiaQt 0«a*t 1978* Fi?«« aaloo aoida 
in the realstaooa aadhaiilaB of tb» /alloa vela aoaalo 
diseaaa of btoodl flLba^aahu^ aaoalaiitiifl (L«) MoeooO* 
Madraa Ĵ ggl* £• • Jg t 20d-̂ 10« 

Aruaugftio, fi« and MatiiuIcriahQaa« C*H», 1979* Assooiatloa of 
raalataoea to joliaa vain aosalo altb aotMioaie otMrao-
tara of okra. lodlaq £• 4ffn« Soi#« 4^ t 60>-608. 

Beaha, A«A* aod BaleattbraBianjra&t, M*, 1982. Control of /allaa 
valQ aoaale diaaaaa of bHaadi ttoougii tiia ohaaioal ooa«-
trol of iib» veeter ^Baaeela feabao^* IQ A ^ ^^i« 

((TrivaiKLruA), (fab. 26^8, 1982), p. >»• 

Capoor, S«P*, 19:̂ 3« Blieaai ffloaaio and Ita aootrol in Poooa* 

ClMkrabaxliit £• and Hukhopadbjrajr» ££•» t97?« Mfoot of aoaa 
fascicidas ou t̂ 4) yellow vain aosalo dlaoaso of bhandi* 

Cbelllah, S« and Marttgaaaa» S«, 1976a* Saaaooal laoldeooa 
af bbeodi yaUoa vala soaalo. Iflf^iUfli ?BlrYt AKgl* 
£ii«» g t 1&7-168* 
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Ob«lli«ti« S» sad HttrugOMB, 6«» 1976b* ^tiiastloa of loss 
due to jr«IXo« vsJLa uiosalo dis««s« in blisiidi* Aoi 
ypl̂ f̂ 4fflr4t ?fi'* § < 169-170. 

dlMiUAlkt S«| s«U«M»l» M«« MartigsMQt s*, 1975* Xoflasoos 
ftf «Mt;to»r faotors oo tlie iaoldtoQs at j«XiM v«iii 
ttosaio distase ftC blisadl. j^ffjl A^tt IFM fi « ̂ 12-*19' 

OMtSy A«S«t 1969* fiti^tllM • • vlnui Yeotors* j ^ 
Viituieay Veecers and VagotatioQ* M« by *̂ liazaaaraeh* 
loterscloQca Pub*i JS«7* pp« 93--119* 

Costs, A»3« and Csjcvalbot A«M.B«, 1960* Osap«c«tiva studiss 
batsaeo Ibutlloia sad WapboriiiB mosaio vi£tt«as« 
gtotaasthIo^> J i * 129-̂ 5S« 

Favoaado* H.f» and OauroYSQt &«B«« 194̂ 2« Hatitra of tha 
oosdio disease of bartdaka« Hibiseas asaalsatf^ 

ftittitiiilAgvsjt ^•f ysdasaibhaaf V* and KaaaraaaaBit 7* •1977* 
&u8oapt4bllltjr of ubaQdi varletiea to jollm vala aagija 
vî «w« gadraa A^ri. J>. JIJ i ^86-407. 

HoQdat I»t Zasldf M«t SaitOf X»t 3!hoQgBaaarlcoii« ?•• Xit«isak» 
S« sad Deeoa, ir«0 1983* leobaoioal taroosoissiani pari* 
fiaatloa aod aoiBa propar«lea of ahltefl/ beama waigbaaa 
yalloa aosaio vlras la Stisllaad, fhutt Djpaaaa* g^ t 
801--8(y<̂ . 

Igaafibe* £.0«£«» 19B3* î âa Stralo of oloea aoaaie vlras Ao 
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1975* BloolkemlosI abs ratloo of jtUoii ««lo aosaio 
vims io Afr̂ lrffiffMliM fflflil^Btfyj Ĉ *) MoMMb. var. Puss 

J«iybii«l«t S*̂ « «>aa UtrlEar, X*S*» 1961* lalierltaQoa of 
resletaisce to okra jroLloa velo mosaio (llaaaoe IQ 
laterspeolflo eroeoes odt At̂ eXmoaohus* ghaoretJe^^ 

jrtia, A* acMl Mlabsa, J^iftt 19̂ >* XaUoa vain aoaalo of 
bheodi lo Bibar. ig, j'yffffj # ^ y A9fSft, ffl ^UTt* 

Xotebari, Z«L«t Dtil>d« H*C« and Doabit 3*K«, 1981* Studies 
•Q tbe paroaabllity aXtaxatiooa and oXtsaatrttotural 
0ttaQ60> in yalloa valo mosaic of bbaodl îftfrftBfflBfâ l 
Mfti^saiQift)* la* art AaifyBfî 9iHiilr #fiwt n t Wft* 
(Ha* I>allil), (Dao. 1W18), p. 122. 

Sallttxolt G»B«, 192^* Mosaio and other related dlaaaaaa 
(Kt eropa la the Bonbay presldaooy. Paoa^ ^̂ «ŷ i 9*^^* 
|f|ga«lqa. X?I t 6«12« 

llaiidahar« C«L» aod Slogh, J*&*t ^71* Baatruotloa of ohltoo-* 
ph/lla a aod t> la vlrtia lofaotad laavaa* Sol* Quit.. 
jg I 485-487. 

Maodahart C«L« aad Blo^» J.^», 1972* Mfaot of bheadl 
jailoa »ala aosala vlnta on Ita boat. Aeta.Pbytotiatb. 
Aftl̂ f miHmt SUBfS't 2 * ^87^91* 
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MexehooKt G*t L««L8iit» F* BBA lbi«b«l» F«J«| 19G0* Maladiia 
d« ti/p« Janolas* at aaladles vol aXnem •iXMtant p d -
oelpaleaeotslos soiaDeaas %t ^rmaamimw por d« iQ9»«t8* 

MaobaAloaX tanmsalssioo of wtiitei:!/ ^̂ ffifclfflHi JOMSi) 
boxtta OlMMUM sgaata of beaaa la SI Salvadore* ^ • 
*!Creplo«l DUoaaea of logtMoa*. £da« J* Bird aod 
K* MuoBOiffOoeli* pp« 61«^» lead* Fvasa* fio« Yosfc* 

Hittilj«ppa» V« and Yaareabi Q»X*t 190^* Plant vlrua dlaaasoo 
txonoaitted b/ otiitefXlas la Karoataica* yrpc. Ind. 
load ft §£^» j g I 597-^06. 

Xarlaoif !£•&• aad Betis, M«L,« 19^« Eaaotloo of AfcttoflJlhll 
and gjyiilfiSUiA apaolaa to /alloo lola aosalo vlroa. 

Oblloaaly G.» Kaodastnl^ P. and Bliaslcasaat Ht, I97(t̂ . Pb/IIo* 
spboza mloroflora of l^eodl planta a a iafluaiiood k»/ 
yeUoo aooalo vlroa lofootloD, m^ltmlmm. Fm 

PalaoisflOiBjr, P.t XblroBiartti/t &•» and Sobxttaaiilaat S*ii*f 1973* 
Effaot of sjretaalc grantiiar ioaeotleldaa oo tihe loe l * 
daiioa of yaUew iMioalo dloaaao of oiora (fbalmoaofaaa 
fWi i i fa tM ^O* a. lad. Hart. , j ] i 10W106. 

Pottjr, Y.p, and Wilson» &•!•• 1973* Stadlea oo tiia pbjrslo* 
log/ of vlmo dlsaaae of bboodl plaota* ^grl^ |jfaf« ,Jf. 
&«r8la» JQ I 63-68* 
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Pot«y, V.P. aod iUaoQ, &,Z.» 197<̂ . J&ffMt oif tli« ytUMi 

iiCMiabt M«9 Vldi^aeicaraQt |»« so^ £Aoda8«<«iigri X«&«t 1972. 
Cliaae&s la tte pbot;o8/QChet;io pUsmntB of btaeadl in-
f«ot«4 l»jr / eUm vole aosalo diAoases* MadrM A^1«J., 

liSGiUht M*« VldhjraMteMat P* and KsodMMMÛ y f*!.** 1973a* 
OliaQ^s in th)& sotlvitles of oxidative etmyaaa la 
/e l io* ad^lo aiseaaa of iabeaai laaveo* Madraa Aal»J>« 

12 > 609«610. 

î aailaiif ii«t VlcUiyaaaksxoa, P«, Kaodaaiisaijri 3?«£« aad Goflote* 
awa^y, E«?*, 1973b* fbe effsot of jrelloii vain soaaie 
virus OQ ttia alaeral oaoteDt; of bhesdl Imav^m^ 

Eajrobaadborl* S*F« aad iiaxiLaal« X«K»» 1977* JLl£SISl-iB& 

XBH PuLbiiahlog Co*, iSaa Dalbl, pp« 160-167* 

sallday A*K*« 19d9« i^ldittlolagy and oeaopol of tmmt^ Uaf 
and vlra^* Î *B« tlieala (UapubUeiied), Ualtaraltf/ of 
AiisloultiiTal soleacea, Baagalnraf 229 9P« 

Saodiiiit a*S«t gaid»i»o» B«R*» Ballcaro Slogli and fiballa, J«8«« 
197tf« &ota?oa8 o£ realst^ooa to ^mti aad abltefljr io 
oisra gereiplaan* âyop I^sfg^mus^tm ] I 77*^* 
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S««tarjr« JL«a«il» and S i i ^ t ^•^•t 1973«* Eestrietlcm •£ jr«lloii 
?«ia oMsio fl^psesd in okm ttoougii tii« doatroX of W99tw 

d«st^» £*S«M« and Siogb, S«J«» 1973^* 9Ul^ iffaXuatioo •£ 

ff«lati9Q to tlie iQeid«iio« of /• l loa V«1Q mosalo •£ oki« 

( l^^l fg^M ffgimlfftW)' imm mtfftp»li!t*»ai«i2SM3a. 

Sasttr̂ rg K,s«M« 8Q(I SiQgli, S.J«« 197̂ « l££det e£ /ellon v«lo 
ttoMlo vimui lii£dotl.oQ en tiw gro»tli sod /leld of tte 
oiera erop* Ĵ f̂ff̂  y^oaoti^** gj^ t 29^«697» 

SborBEi, B«xi« aisd BhsreiBy P*P«f 1991* B»slsl;aa6e to joUoo 
voia Boaaia viroa la afcxa. ia» M ^ i JgMBt flffg^lftM 
(Mm Baliii) <iwtd Daa*)» 9«1^« 

Sblvakuaar* C«Y* aad ilMpaaî aBttdidiOy ii*» 191^* MCaat of 
jrallaa vaia aosalo Aiaaaaa Q£ OIDM OQ ttlie anmlfom 
Maatoda (^g|y|.ti#!ii mUkSSSaW* &tMkJMl»* | 1 
ad**o9* 

I 

Siagiai, A*B*i JoaHiff B«s«i Siiaafia« P« aoS Oi^ta, P*a«» 19i2» 
Braaaiag £os field i^alataaoa tso yelloi^ V€la aoaalo 
9£ tito&mii. U^ U%^m%i ilk M^m* & * 157*1^. 

SlBgii, M* and fbalcur, !!•£•# 1979* Hatare of reslataiioa to 
ysllo^ vein eoaalo la A,Mioiho| oab ap• aa^ot* 

SlQgii, £« aad axivaotava* M,P«« 197̂ *̂ Plijralologloal ohaa^^* 
la bheodi C4VflaWt>aflf miS^SOm) *̂«A* affaatod bjr 
jraUoa v^a ooaalo vlroa, Ctter̂  u;i.> jjj^ i 89-91. 



SiAgbt S.J* ftod (i?«««rl, H*P*« 1979* iUlUo•ph•x •̂ Blflerefiar« 
of h«altbjr and / • l lM v«la assalo virus liif«ct«d OIQM 

^•mmimim) piaatA* fffitt iff^tt 8̂3̂ ^̂  « 5ii«^i^. 

Slab** B«ii«y attci ObaiErabartbi, A*£.» 197&* Sffoet of /e l lM 
Y»lQ ttosAle vlxos iofectloo OD OIUC* seea productloa* 
§WI ^fftt »«• »«lhl, I i 67-70* 

Bommamsst A*S*» l^ao, fl)it;«ril«s M vaotora o£ plant 

LuolEoon. ^ t * fiat* &ft8» Iaat;«9 p« 179* 

OttiiaaaiBl, S«« Ols«Ulali,Sk aad Balaaabsaaaalaot K«» 1977* 
Zoaoatlotdal aootarol a£ paai» sad tte yelLaa vala 
aoeaio a£ bhaadU flal. aad Qttlt>, ^J • 510-^12. 

yppalt B«if*» VaxMt F.tt» ana Capaar» &•?•, 19<^. XaUow 
vaia meaala e£ bliaodi. pt̂ ŷ , 4̂ â .t* J i 227M^a« 

VaiM» P»ll*t 1932* ataOlea on t;iM relatloQahip of tlia 
MMftdl jralloa vala aoealo vlroa and vaotor, tiia wliito* 

VarMi* P«£l«f 193^* Pacalacaaaa o£ /ellaa valo i2ioaaio vjLrgs 
^ Abalaaaafta^ aâ B âateuf (L.) Moaooh la Ita iraotor 

taxaat F*M»t 19ft!̂ > ISrsoaaiaaioo of pLaot vlmieaa by abltafUaa* 
^ali. amt. laat. Sol*. India, | * i 11-23. 

Varoa, F.tt* aod Makber̂ aa* &«1C«, 1V̂ 5* St;ndiea oa tba •aria-
«al olaaaifioatioQ ef iriraa raaiataooa la ladr** A&s«r 
( ^-^igi^aa faotiiaatm J. Py9?f ^ f̂l̂  M 
(Baro4«>, p. 571-372• 
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C«poor« ^.i". 90d Varaa* P«ii., 19>o, Y«UM v«ia sMSto 
^ H«—Oiilantî  L« ^flg. Joug. îofyĵ  aol>> 20 i 

I t 167-168. 

aMdMa» E«ii*9 fiirdy J. Ma 1!IUHi0MMrkoa» F«» 1937» Aa 
omasaai virus UMm p«rtlol« aMMUtcd mitik galAM 
yellM aoMlo of baaoe. Murtoiftli,, 67 i 37-42* 

OitO(Pd» L* aaa fiii^tti, u , I975t IdrattifioatioQt pain«> 
flosti^a aa<i eom ^opAvtiea of aoMlo virao of 

Bttaaaiot a«A« aAd Xrebsfit l̂ *A«t 1933» OOaartattioaa oa 
tlia U f a hlatOTf» oloooaiaa aad aostvol of Um 
atoltofif ou ooiftOQ ^j-Jt l lTntBirt l M n i l ) • 
i a ^ i * ^^*-' SSk»9 i * 79V7»3* 

Jobmiofii iU t . i 7oaoaoo» ii«0*t aa/aoldat fl.f*t BjlfMifT^ 
ik*S«t &140, &« oad fiotaiolL, A*S*» 198Sf Ubita-
f i i a a oaaaa proOi^aa for yf^aalifaaenia groaara* 
iUUU* itsc;k*» j | ( V i o > t a< -̂26. 

MaaSyoppo, f«t l9aQt italtefliaa» Jjft* Vaattia of plaa« 
patbogaaa* a4« bf &«f • Maraia aad &• Haxaaasoaab* 
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