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of tho inavety hoiiravari inoraases in winters upto 

65 days or evon nore as againat 13 to 15 daya in 

auBBwra* Incraaae in popiOation denaity of whit*» 

f l iea during mmmra ia dua to high tas^joratura vhioh 

hastens the deveXcq^mantal stages of J|. tabaoi* 

Since ^* oopargQiTdas ia a Israeding host of 

S« tffitbafî t and the vector ia present throughout tha 

year on these plants with different frequency» i ta 

role in epidemiology i s further enhanced. 
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Teclmol., Pantnajĵ f Res. Bull.. 4: 191 pp. 

Nour-Eldin, P.j Mazyad, H.(M) and Hassan, M.S. (1969). 

Tomato leaf curl virus disease. Agrio. Kea. Rev. 

Cairo.. 47: 49^54. 

* Orlando, A. and •^ilberschmidt, K. (1946). Estudos stove 

a disseminacao natural do virus da cloroae infecciosa 

das malvaceas (Abutilon virus 1 Bnur) e a sua relacao 

com o Insecto- vector Bemisia tabaci '̂ Gann) 

(Homeoptera-Aleyrodidae). Arg. Inat. Biol.. Sa,|C>. 

Paulo 17i 1-36. 

Pal, B.P. and Tandon, R.K. (1937). Types of tobacco leaf 

curl in northern India. Indian J. AgrXom 3ci.. 7i 

36>393. 

Pierre, R«B. (1973). Observation on the golden nmsaic of 

^a'^ (Pha»eolus vulieaylg L.) in Jamaica. Tropical 

dla«>ee of Iiaguagg. ad. J. Bird. K. Maramorosch, 

5r>-59. 

Pollard, D.G. (1955). Feeding habbits of cotton whltefly. 

^SB* Appl. Biol.. 43: 664-671. 



229 

Prutif H,S, end SaoueX, C,K« (1939)* a^toaologieal 
Imrsstlgatioiis on the leaf ourl diseaatt of 
tolsaoeo In northom India. I l l tha tranaialaaimi 
of laaf curl by i*httefly, Bgggy^ fiSfff'Mff.ffft^ 
to tobacco, 8un<*hanp and a new alternate hoat of 
the leaf curl virua. Indian J, ^ i o > 3<?1.. 9t 
223-275. 

Rao, D»G» and Vanaa, P,M, (1964). Studiea on yellow-
vein mosaic of Malvaatny ooro»andelia»mp> Qaroke 
in India, i^. Aoqd. Bt̂ ap. GierifO.. 36$ 207-^t5. 

Sharp, D.G. and Wolf, F.A. (1949). The virua of tobacco 
leaf curl. F'ftyt;opitriy>̂ OfiX, 39s 225-230. 

Sharp, D.G. and Wolf, F.A. (1951). The virus of tobacco 
leaf curl, I I . Phytopathology. 41s 94-98. 

Sheffield, F.M.L. (1957)* Virus diaeaaes of aweet potato 
in East Africa, I . Id«fitification of the viruaea and 
their inaect vector. Phytopathology. 47s 582-590, 

Sheffield, F.M.L. (1956). Virus diaeasea of sweet potato 
in Beat Africa. I I . Tranaiiiaaion to alternative hoata. 
Phytooatfaoloflv. 48: 1-6^ 

SImstar* M*F* (1964), A whitefly trananitted ooaaie virua 
«f Wiflsadiila flffl^Uasiwi. Planffc P^a. Reotr.. 481 

Silbaraotalidtt K, (1943). Eatudoa abbre a tranaaiaaao 
•jq^arlMntftl da *'Cloro8e infeeeiaa" das malvaoeaa. 
Ar<i« Znst. Biol . , 3^2£BU2£a. ^̂ * 105»t56« 



230 

SllborsohiBldtt K, {i9'*Q)* Xnfeetlous chlorosis of 

ElmSSk SSmSES^^' PMytopathology, 38i 395*398. 

Silberschmidt, K. and Totmaasi, C,R« (1935)» Obssrvacoas 
0 estudos aobre eiqpecies de plantaa suaoativeis 
a olorosa infecciosa das loalvacoa.̂ . A^» Aoad. Bras* 
Cianc*> 271 195-214. 

Slni^, S,| Sandhu, G.S. and Mavi, G.S, (1971)* Control 
of yallow iBosaio virus in aoyboan, Glyoina wax 
(L.) Merril by the usa of granular Insacticida. 
Indian J. Entonol.. 33s 272-278, 

Storey, H.H, (1940). Plant Pathology- Rep. E. Afr. Agric. 

Res* 3ta.. pp. 8-11, 

Szinaai, J. (197^)* An Acer virus disaaae in maple trees 

planted in avenues. Acta. Phvtopath. Acad. ScJl. Hunj^.. 

7: 197-207. 

Thung, T.H. (1932). Da Krul en Kroepoek-ziekten van tabak 
en de corzaken van hare verbreiding. Proefatn. 
Voratenland. tBabak. Medecl.. 72s 54 pp. 

Varma, P.H* (19^1). Studies on the relationship of the 

bhendi yellow veinHoosaio virus enA its vector, th« 
whitefly (Beaittia tftbaoi Gen.). Indian £• Aigcic. 3ci.. 

22I 75-91* 

Varaa, P»M. (1955)« Persistence of yellow-vein mosaic of 

A^^,ifhMft o a o M ^ m ^ <!-•) Woench in its vector 

(!• ̂ ^<4 Q«»«) mim £• &m&* SSk-f 251 293-f02. 



231 

Varna, P.M. (1^3) • Trananlssion of plnnt virusoa tiy 

whlteflles, Nat, Iiyst. 304. Ipdim Bull.. 24i 

11-33. 

Vaaudeva, R.S, ond Azad, R.li. (IQ'^B), Potato necrosia. 

Curr* ISi't ^^^» 71 216-217. 

Venaa, H.N.; Srivaatava, K.M. and Mathur, A.K, (1975). 

A v/hit<ifly transmitted yellow sioaalc virua 

dlaeaae of tomato from India, Pp.̂. D;L.,a. Reptr.. 

59: 494-498. 

V/llson, K.I. (1972), Chlorotic ring apot of Jaamine. 

Indian Phytqpath,. 25$ 157-158. 

Yaaain, A,M, and El Nur, E. (1970), Tranaalssion of cotton 

leaf curl virua by alngle inaacta of Baalaia tabr̂ oi 

Plant Pis. Raoty.. 54J 528-531. 

^Original not s«en* 



232 

3 U M M A R Y 

The Mtork embodied in t h i s thesis has been divided 

m tn/o sections* Section I deals with various aspects 

of zinnia vein-bandirig virus (ZVBV) vhile Section I I 

incorporates the work carried out on zinnia yellow-net 

disease agent (ZTJA), 

SECTICaj- I 

Zinnia veln-bandlnfr 'disease xms characterized Iqr 

dark-green vein bands on the leaves, The infected leaves 

vere reduced in size accoinpanied vdth deterioration in 

plant growth and flowering. The disease Incidwiee in year 

19?7 and 197B was 57 and 65 per cent respectively* The 

causal agent was trMiasdlsaible by graft* sap inoo\ilatl<m 

aa also through the agency of aphids viz, Aohia ffp^avp^ 

^n^ iL̂  MSS^SiJSSSL* Mechanical tranaralssion was dlffloult 

^*<^ ^HlWlfl was used both as donor &nA reoipient host* 

9ttfflfflAi ŝ ti,vua acted as a better source of virus as 

wall as a test host. Trmnmlsalon rate by Beohanisal Means 

eoold be Inoreased by adding sodium sulphite (0*01M) in the 

inooulua* Use of various buffer systeias of different pH 
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and molarity, addition of chelating aganta and tannin 

inhibitora in the inoculum either alone or in various 

oottbinations did not result in enhanced transmiaaion 

rate from Zinnia to aLnnia> '^e disease was neither Ixans-

raitted by whiteflies nor through aoeds. 

Host-range otiidloa indtcnted ZlmyLa el^gans. 

Niootiana /ylutjlnosa, N. tabacum vara. White Burley Saasun 

NN, Xanthi n.c., CiiciMî s aatlvus. Dqrothennthua bellidifonaia. 

Chenopodium aigaranticolor and C« al-bum as susceptilde host* 

One hundred and t\-̂ enty-thrf>e other plants neither showed any 

apparnnt symptoms nor the virus could be detected in than 

by back inociil'̂ tlona on C, nma,ranti color, 

Virus-vector rolationahip studies indicated a typical 

nonn-persistent mo-e of transmission by aphids* The aphide 

ae<|iiired the causal agent in a miniiaiin of six SBcanda and 

needed epproTdJmtely sane tiae to transfer the disease to 

healthgr plants. Optimum transmission was obtained by 

eoquiAitiOR snd inoculation access periods ranging trcm 61 

to 90 eeoenda and 30 minutes, respectively, Non<^inged aphide 

were iMare officiant vectors as ca«̂ pared to winged one«« 

Viruliferous aphids retained the virus to a aaximim of 30 

minutes* Moulting of the viruliferous aphids resulted in 

the lose of inooulability. 
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£• awrantlcolor produo«d aaxlauia lesicma at lix 

fully •3(pandAd leaf stags* ttie losions were more when 

oarborundum waa sprayed evenly on the leavea Instead of 

mixing in the inooulUB, Number of lesions %m8 fUrthtti* 

enhanced when plants were given a pre«inoculation darken* 

ing of 24 hours. Removal of apex of plant and post-dnooileo 

tion rinaine' of the leav^ with distilled water had no 

appreciable effect on losion number* 

The oausal agent became Innocuous %/hen diluted to 

I15OO, heated at 52'»C for 10 minutes and stored for tventy-

four hours at roc»B tasaparature (28-30*C) v;hen £• amaranticplor 

was used as test host« 

ÎfflWlHiiff g^tivus was found to be a more mil table host 

for purlfleatlefi as ooqpared to others* It oould b« easily 

grown within a short tine and a high c^ioentration if tha 

virus eould be dstoetsd within seven days of iaoeulatiOR* 

Aaengst various liitffsrs» phosphate buffar 0«1M« pH 7 wos 

found aero appropriate fsar axiraotiag the virus fk'OB disoasad 

ClarifieatiOB of infiMtious sap by organic solvants 

vis.I butan<At olil«refoni» athor and oarbon tatraohlerido 

rasultad in alJMOt total loss of virus* 
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Sap mixed vdth oharooal, oellto and a ocmitdLnatlon 

of both v^en paasad through buchnor iUnnel aupported by 

a oellte pad rosulted in 97» 98 and 84 per ocoit loss of 

aotive virus respectively. Filtration through buohnsr 

funnel without a celite pad. caused 39» 12 and 75 per cent 

loss in activity. Eluticm of the virus from celite pads 

using different molarity and pH range of phosphate buffer 

were fUtile, lî eatment of sap \;ith diarcoal, celite and a 

combination of both follov/ed by ccntrifugation u'as superior 

ov'̂ r nitration fxTonr̂ i a bichncr fiirnol. The timo of 

C'-»ntri'\i,'-:ntlon o: •̂ foros-'lrl nnr; ̂ lo, ho\ o"«̂<=̂r, nf-*'ec'*:Gd the 

virus content in supf»"n •'•-ant, rive ninutos ccmtrifugation 

yielded a supem?it?int protliicinr 214, A9 rjid 277 lesicaia 

respectivel"" aa compared to y' loolon in control. MhLXB 

centrifiigation o.' 13 ninutej reculued iu decreaoed infecti-

vitif- of samnles. A total IOSKS of infectivity was recorded 

in 30 minutes of centri \isntion. 

Silver nitrate wpia unsuitable for clarifioation of 

sap oontainlng 2VBV since it could hardly removs pignents 

at oonottiitrations tolerable to vims. Trials of olarifi«» 

oation throiugh different batches of calolUB phosphAt* gsl 

gave inconsistent results. 

Rasulta obtained at various ataps of differential 

csntrifugation of clarified sap (Filtrate- A) Indicated 

file:///isntion
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"ttie unmdtablllty of "fcl̂iis method for concentration of 

2VBV. Polyeth!'len" ̂ â 'col (4«̂ ') along vlth NaCl (2^0 

eould precipitate ZVHV ffon Filtrate- A, The vin-is was 

suspended more efficiently from such precipitates using 

buffer -}• }'.DTA Inat^nd of biiffor alone, Suapension of pre

cipitate in buffer + KDTA yielded 150 lesions in coxapariaon 

to 100 produced by tho same dilution of Filtrp.te- A, 

Repreclpltation oi' vlras from such concentrated preparation 

(CCS) using 4?̂  or B'̂  P G + 2 ̂  i:nCl was not effective, J<tore-

over, 10,4 PEQ and saturetGd ' r->nonluin si.lphr.te also could not 

pr'-*cipltate ZVBV TTOIS CCS. 

Ill and IV aannles obtained after sucrose dcansity 

^adient centrlf^vrtlon vorr? colo xrlesa, hi^ly infectious 

and shov.'ed naximur;! and mlr,lmm ..bsorbence at 256 and 244 ruB 

respectively. Absorbance ratios of 280/260, 260/280 and 

aaxlBium/ainiauB corresponded to 0,71* 1*41 and 1*04 respect

ively* Suoh preparation* however* was not antls^iio as 

revealed lay serologieal trials* 

Purified pri^iiratlcms of ^^VWf showed bullet shaped 

atruotures having a aa«n size of 240 x 65 im along with 

distorted beg like and roasette like structures* In leaf dip 

preparation ocoa.jionally dlstox ted bacilllform structures 

w«*e observed* ZVBV* except for non-peraiatent nude of iq;}hid 

tnuisalssionv resoaables to knovn plant rhabdovinuiee in 

partiele morphology* bio-phyalcal properti^ and susosptlbllltv^ 
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to organic solvonta. 

ZVB7 had a narked Influence on growth and 

flowering of Zinnia elefta^, the effect was highest 

v/hon infection took place seven days aiter tran£q;>lantati(m 

followed by plants infected after 21 days of transplanta* 

tion* ThB effect was negligible when plants wcure infected 

at 42 and 60 days after transplantation of seedlings* 

Maxiwn retardation due to ZVW in growth of the aiain 

shooty nuatoert wei^t and dianetar of floral heads 

corresponded to 4l» 57, 68 and 43 per cent respectively* 

Ten different varieties of Zitmpn were screened 

for resistance against Z^W by exposing the plants to 

viruliferous aphids. Amongst these* variety Haageana or 

nexioan hybrid was found promising* 

Review of literature inoorporates the various 

studies relating to whitefly transaltted diseases occurring 

in the world* Materials and methods specifioally deal %rith 

handling of the %^teflies and details used for study of 

disease agent-vecter rslatioiuihlp* 

Zixmla yellow-net dissase was oharaeterized by 

vein yellowing and rugosity of the leaves* stunting 
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of the plant and daterioratlon In quality and quantity of 

blo<HtB* The leaves of infectod plants» at later stages of 

disease developaentt gave a diffused yelloir appeaxtinoe* 

Various trials of aeohanlcal transaission including 

the inocula prepared in distilled water; various buffer 

syst ms ad^sted at different pH and nolarity; addition of 

chelating agents, onti-oxidants and tannin inhibitors in the 

inoculum either alone or in various ocnahinaticmsi £Hlaorption 

of the inoculum using activated charcoal, celite and caloiuia 

phosphate gel separately; treatment vdth organic solvents 

viz., butanol, chloroform, but a n d * chloroform, and addition 

of silver nitrate, proved futile when 2,. efl̂ eaana v«s used both 

as a donor and recipimit host. Besides sK}dificatiQn in 

inooula» a change in the source->ho3t of infectious agent 

vls«, A«enntt^ ffiPYi^^<^ffi ̂ S^iESk «^m^VP ^^ Qm^tfffflB 

ga^besfl also did not result in positive tteehsnioal trsnsnl* 

s«ion, H M rsssons for negatlvtt sap transmission of the 

dl8sss« have bssn eleboratsd and disoiasssd* 

The disssse agsnt (ZYDA) M S S neither transmissibls 

through several speoies of aphids tested in the investi

gation nor via seads obtained from diseased plants* White* 

fliaSf latM* idnntified as Befaisia •^tbae^. oould efftoiently 

transmit the disease but an unidentified vhitefly %ihieh 

breads on IIBW^ 9* in nature did not act as a vector* 
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Aaongat thlrty^'Wo plant a|»eol«0 tasted during 

host range study only Athaoa rosaa> Datura atrancMilum. 

<k>ffP̂ »̂ft ̂ kS&Sia an<̂  M^^^?"i o«MYioMtf vers susoopU-

ble. Hie r^salning plants* naither dsfveloped any s^parent 

symptoms nor thB virus could be recov«Ht*ed from then as 

revealed by baok inoculation tests -tiirou^ whiteflies. 

Studies carried out on aga3t«iVector reliitionship 

revealed laininuia acquisition and inoculation aooesses of 

2 and 2 hour respectively* ¥hiteflies starved for f(»xr 

hourst however, could acquire disease agent even in 1 hour 

access period* 

Eight viruliferous whiteriies per plant resulted 

in hundred per cent trcoumission* The •inimtui latent 

period of ZtDA in the ̂ thiteflies was detersdned as 15 to 

t8 hour* Once the a;:<»it was acquired by whltefUes it 

persisted in then for their life iQ>an* A single iihi'tofly 

sequire and transMltted the agent with a probability ot 

59 per oent for feaales and 1? per cent for sales* 

The whiteflies could not aoquire and/or trwisait 

ZYDA when allowed to feed for 24 hour on the sap froM 

infected leaf through a paraflla nnabrane followed by a 

48 hour inoculation aooess on test plants* Coneentrated 
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prepBTBtlimB obtained using a ttM ooysvwitlcmal Methods of 

Isolation of plant viruses neither gave a UV spectra 

typioal of nuoleo-ijrotalns nor any virus/virus->like particle 

could be visualised when such preparations v/®re stained ixsing 

2 per cent PTA at pH 6*5 and observed in electron mioroscope* 

ZXDk showed close resemblance to Hibiaous yellow veiny 

cucumber vein yellm^ and yellov/ voin of ̂ . convasoj.dea in 

symptosiatology. ^aneBnission characteristics, host<-range 

and agent-vector rolationahip studies» howevert indicated 

it to be a nev; wtiitefly transmitted agent. 

ZYDA had a profound influence on growth and flowering 

^^ ^* glegans. The effect was drastic when infection took 

place 7 days after transplantation of the seedling but 

gradually diluted when plants were exposed for infection at 

21 and 42 days aft«r transplantation* The effect was 

negligible when plants were infected 60 days after tx^msplan-* 

tation, Ha^inua retardants due to ZYDA in growth of the main 

shoot} number, weight and diameter of the floral imeAm 

oorresponded to 71t ^3$ 90 and 70 per cent respectively* 

EpideaiologioaX studies of 7XDA, disclosed that ̂ ^t^rat^• 

copygQid— serves both as an altemotive host of ̂ e agent 

during off-season of Z l ^ a as well as provides additional 

inoeuluM dyurlng its main season* Infected 4* coff̂ vsoid— plantes 
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•irv«d as a souroe of ZYDA throughout their Ufa spaii» 

while the \(MtefXi«8 eould not acquire the diaaase agttOEt 

fron old 2J,nni,̂  plants, 

Ck>unts of the whltefly eggs, rsyt^ha and adults in 

different i»3aiths of an year <»i ̂ . convasoidea plants showed 

that the population gradually builds up froio March omrards 

till June. After heavy rainfall during late June and Julyt 

the number of nyn̂ jhs and eggs per leaf vras not much affected 

vhlle the number of adults par leaf was significantly 

decreased followed by an Increase in August and September. 

The number of eggs, nyniphs and adults showed a decreasing 

trend from October through February. 

Weather conditions had a percoptible influence on 

time taken for emergence of adults after egg laying and 

life span of adult whitefliea* The life span of ^m tt̂ bŝ cj 

ranged from 8 to t5 days in auaaaers and rainy season as 

compared to 30 to 65 days in winters (NoveBb«>>February)« 

Time taken betwema egg laying and energence of adults 

(turlng Aprlly June and Noveaiber correspondmd to 18» 12 and 

70 d«ys respectively* 


