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UDODuonON 

The oultiyated pepper (Oapsicum spp.), or ohilli, 

as it is commonly known in India, has been introduced into 

India by the Portuguese in the sixteenth oentury from its 

native oountry of Tropical A.erica and West Indies. 

Obilli is one of the ohief spioes of India cultivated over 

an area of about 5,67,000 hectarea with a produotion of 

about 40,800 metrio tona, of which a .. ~or portion is 

oonsumed within the country. Some quantity is also exported 

to Ceylon moatly a. dry pod a and as an easential conatituent 

of ourry powder and hot pickle. to several other countries. 

Of the different speoies of Capsiowe, £.frutescene L. 

and £.annuum L. are b7 far the most oultiyated ones. 

In Tallil ladu £.annuUII. is grown oyer large areas, though 

£.frutesceR! is oultiyated to a lia1ted extent in isolated 

pockets. 

Many diseaae. oaused bJ fungi and bacteria have been 

reported to cause seYere losses to the cultivated ohilli crop 

Many yiruse. also intect and cause equally, if not more, 

severe losses under field conditione. Literature available 

upto 1960 on virwa d18eaees of chilli had been reViewed by 

Ramakrlshnan (1961). a. had listed 17 viruses nemely, 

ollOu'ber _saio yirlls, tODaeCO aosaio yirl18. tobacco etoh 

Yirwa, alfalfa m08aio YirlUl, pepper vein b8.Jlding mosaio Yirus 

potato Yirwa Y, cranebarrl-false blossoa virus, tomato spott .. 
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wilt Yirua, aa,er ringapot yirua, Trinidad pepper mo.aio 

Yirus, Indian ohilli mosaio yirus, Puerto Rioan pepper mo.aio 

yims, Trinidad pepper Yein banding Yirus, Italian pepper 

1I0.aio yirua and pepper yellow leaf Yir~s, to ooour on 

chilli under nat~ral conditions. Potato vir~s X and 16 other 

viru.e. have been reported to ca~se infection on ohilli on 

artifioial inoculation. SubseqQently, Ramakrishnan (1959) 

and Paul~. !1!l. (1960) have reported the natural oocurrence 

of potato virus I on chilli in California. Ozalp (1961) 

reported the occurrenoe of PYX froll Aegian area. 

Rao !1!!. (1970) reported the natural occurrenoe of a 

ring spot strain of PYX on ohilli froll India. 

Sinoe 1960 .any workers haye reported the ocourrenoe 

of virQsee that were already reoorded on chilli from dirterent 

placee. Potato Yirus Y hae been reported troll Israel 

(Iitzany and Tenne, 1962), Costa Rica (Gamez, 1962), Aegian 

area (Ozalp, 1961), Japan (Miyalloto!!!l., 1963.1964), 

Southern Calitornia (Laird !1 !!., 1964), Hungary (Horvath, 

1967) and Argentina (Graoia !1 !!., 1968). ClI.ouaber 1I0eaio 

yirus haa been reported by Ii han, and Tanne (1962) troll 

Iarael and Kapellar (1966) froll Hungary. Stolbur virus has 

been reported froll Yugoslayia by Alekaio !1!!. (1969). 

Iapellar (1966), Iracis !!!l. (1968) and VlaeoY (1970) 

reponet the oeourrenoe ot ~alta _.uo Ylras froll JlW!p.ry, 

jr,enttaa and U.S.S.~. re.psotiysly. Tobacoo stoh YlrQS has 

been reporiM ", 0.1I1p (1961), I1t __ 7 and Taue (1962), 
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Miyaaoto !1~' (1963, 1964) and Vlasoy (1970) fro. Aegisn 

area, Israel, Japan end U.S.S.R. respeotiy.ly. Miya.oto!1 al. 

(19b4) have aleo r.por'ed another pepper yirus strongly 

r •••• bling Rott.rdam yirus Band tobaoco rattle on ohilli 

from Japan. 

Paulus !1!!. (1963) reported 8 sOil-borne yirus of 

ohilli from California transmitted by Triohodorua sp. 

The yirus caused stunting of the plant, severe stem neorosis, 

irregular yellow green .ottle, ring apots and enations • 

•• crotic spots were reported on fruits. 

In India ohilli mosaio disease had been reported from 

various parts by MoRae (1924), Kulkarni (1924), Uppal (1929) 

aDd Vasudeva (1954). rhese reports did not give any 

detailed description of the symptoms or the identity of the 

virus or viruses involved. Jha aDd Rayohsudhuri (1956) 

reported a yirus ocourring on ohilli and described the 

symptoms, trenaaission and physioal properties of the virus 

and designated it as Indian ohilli .osaic virus. Nariani 

and Sa. try (1958) r.ported that the virus could alao be 

transmi tted by Mnu. peniose Sulz. and AphiS nOD,Iadi 

Pabricius. in addition to !.go •• lp1i Gloy. r.ported by 

Jha and Rayohaudhuri (1956). Studies on the relationship 

of the yirus to it. Yeotor !.go •• ypii was reported by 

lrarian1 and S .. try (1962). 

Joshi and Bhargs.a (1962) r.oorded a vein banding 

ISOsaic Tirus dis.... of chilli (Oap.ioy .frst.108Y L.) 



fro. Uttar Prad.sh. !he virus was reported to be a 

serologioally related variant of PVT. 

Hishra (196~) reported a virus oausing mosaio 

4 

s1Sptoaa and necrosis on chillies (£.~ L.) trom Delhi. 

The virus induoed systealc necrosis of the veins and stem 

and mosaic mottling. The virus had a thermal inaotivstion 

point of 60°-65°C, a dilution end point of 11500 to 1:1000, 

and a longevity ~!1!!£ of 1-2 hr. at ~2°-~5°C. A.gossIPii, 

!.craccivora Koch., and ~ persioae were reported to be 

its vectors. 

Kandaswamy et !l. (1963) have reported the oocurrence 

of tobacoo mosaic virus in raall ladu. Based on symptomatology 

and transalssion, they considered that cucumber mosaic virus, 

alfalfa mosaic virus, pepper vein banding virus or chilli 

mosaic virus may also be present in chilli orop. 

AnJaneyulu and Appa Rao (1967) reoorded the natural 

ocourrence of cucumber mosaic virus in chilli trc. 

Andhra Pradesh. 

Nariani (1968) reported tomato leat curl virus, 

a strain of licotiana virus 10 to infect ohilli. 

Dhanra~ and Seth (1968) reported a new strain of leaf curl 

virus infeoting chilli fro. Delhi. 

lsyara~aa and lLuIaltrialuut.n (1961. 1969) report.d 

ohilli .osaio dis8aae oaused ., PTY fro. f&ail .ac1u. 



De~a11.d st~di.s h •••• howe.er. not been made to identify 

and ascertain different .ir~8e8 occ~rring on chilli crop 

in faail •• du. 'Blstematio studl has therefore been 

~dertaken in great detail to investigate the different 

viruBeB that cause .oBBic disease of chilli in ramil Nadu 

and fill up the lacUJUI. 



MATERULS ABD METHODS 

A. Colleotion and .alntenfBoe of viI'S! isolates 

.l slU"'ley of the ohilli growing traots in Tamil !ladu 

was und.rtaken and virua infeoted material brought from 

the different areas wa. used to isolate the virus cultures 

for further study. A oolleotion of thirty virus i801ate8 

was mad. from OOimbatore, Tirunelveli, Tiruohlrapalli, Sal.m, 

Chingl.put, Horth Aroot, South Aroot and Ramnad districts. 

Th. virus isolat.s were maintained on ohilli plants 

(Kl, an ~ type released by the Agricultural Researoh 

Station, Koilpatti) in an inseot proof glass-house after 

transmission by sap inooulation or by prot.oted transmission 

with the vector ~ gosPlpll Glover. Sub oultures w.re 

made ono. ln .very month. Parathion was periodically sprayed 

on the plant. ln the glasshouse ss an additional precaution 

against inseots. Powd.ry mildew was prevented by dusting 

with sulphur whenever nec.ssary. The plante were also 

sprayed with Trithion to oontrol mite. at times. 

B. Transllli18ion 

(i) Sap inooQlationl Young leave. showing oharaoteristic 

.ymptoms of Virus infeotion were homogenised with the addition 

of 3 al. of 0.1M pho.phate buffer for eyer, gram of leaf 

mat.rial in a pestle and aorter. The homogenate was squeezed 

tJuoOllg)t. lIll8lia oloth and the extracted .. p was used ae 

et_4ar4 iDoolllua. InooQlatione wr. earned out by rubbing 
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'the lnoou.lllll on the Ilpper sur!aoe of the seoond pair of 

leaves dilated wlth carborllndlla powder, Ilsing a glass spatu.la. 

The 1eat was allpported troe below by a small pieoe of clean 

cardboard durlng lnoclllation. 

(ii) Aphid tranS!188ion: VirllB free oolonies of aphids 

ware aaintalned by the mllltiplioetion of a single viviparolls. 

wingless female on su.1table host plants. The aphids tested 

for their efflcienoy ln virlla transmission and their 

maintenance hoata were as !ollowsl-

1. Aphis gosslpl1 Glov. on Capsicwm ~ L. 

2. Aphis cracciv0r! Koch. on Vigna ainenaia Endl. 

!Ph!! oracelyora Koch. on GljriOidis paou.1ata H.B. & K. 

3. ~ E!!!! Boyer de Fonaoolombe on Celotropis gigantea L. 

4. ~ !voPllii labrioillB on SOlanq. n!&ts! L. 

5. ~ peraioae Su.lz. on Niootifns tabacqm L. 

6. To%optera oitrioidu.a lirk. on ~ aqrantlfolia Swingle 

7. llhopaloalphwm ~ (Utch). on SorghWl vu.lgare Pera. 

8. Penta10nia n1grone~oa, Coq. on ~u.aa paradl.iaca L. 

Only a4u.lt apteroll. !or •• were 1l8ed in the tran.mi.sion 

stud!e.. fhe, were !ni tielly starved for two hours and then 

transferred to detaohed ,cling leave. .howing charaoteristio 

ayepto .. ot 1ll!eotion kept in a petri dish and allowed to 

teed tor 15 to '0 mnd... !fIley were then transterred to 

healthy test planta aDd allowsd to teed tor 24 hours. 

!he teet planta Yem then .pr.,8c1 with parathion to kill the 



8 

aphid. and kept tor ob.ervation ineide the glasshouse. 

Except where otherwiee mentioned in the text the above ephid 

transmission aethod wee used. 

C. Ho.t range .tudie. 

fhe etteot ot the ditterent virus isolates on different 

plant speoies was studied by sap inoculation to a number of 

plants belonging to 52 genera representing 15 families. 

Plants which did not .how any Visible symptoms of the virus 

infeotion atter 5 weeks were indexed on healthy test plants 

to determine their role as symptomless virus carriers. 

The speoies of plants used for the study of hoet 

range of the virus isolates are listed below: 

SOLANACEAE (24) 

1. Niootiana tabacua L. C.V white burley 

2. !.tabaouft L. C.V xanthi 

3. !. tabacua L. C.V Harrison speoial 

4. !.glutino8a L. 

5. !.ru..t1ca L. 

6. !.&!.Y2.!. Graham 

7. !.panlell.lsU L. 

8. !.ooaP8Aioylata L. 

9. ~ "l'!.Il9Diua L. 

10. ~.!!.£H L. 

11. ~.a1tl 10. 

12. lapaiey.II!!IU L. 



n. ,Q.!r!!t!lc,y L. yer. ian.co 

1 •• ,Q.trl.l.t'IC!n. L. Tar. bl.l.Ooatll1ll 

15. £.. !!!!e:r;:ooarEon DC 

16. Solanwa nilrum L. 

17. §.. a! 1 oSij.na L. 

18. SolanWP 4eSi"UI Lindl x S.tuberosum 1. - Hybrld (A6) 

19. L,eoE.raleon •• eul.ntU! Mill. 

20. Ni9anAr. phl'al0id,. (1) F.ra. 

21. Petunia blbrid. ViI. 

22. Phxaal11 E!ruyi.na ~. 

23. !.floridana Rydb. 

24. !.!W!!!! 1. 

1EGUMINOSAE (21) 

25. !!&.!!! 'iMAlia Endl. 

26. Ph.aeollls sur'us 1. 

27. !.!!!!W! L. 

28. I.vulgaria L. 

29. Filum utinm L. 

30. Cajan!!S ~ 1. Mill,p. 

31. 01 .. op.11 p.oral014.8 DC 

32. LathYrU,f odor.hl! L. 

33. ~11oho. l!! l!R L. 

3.. Gl,101" I!H lien. 

". Gljr1c141. aao!!lat. Stu.d. ". ,,41,. II.U!A L. 

'7. bj,tol1. prai'H! L. t K.lIlaarl t 
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38. !. lJlcama t!.!l L. 

39. !.~L. 

40. Crotalarl. ~ L. 

41- Arachl. hlpoga •• ~ild. 

42. Joi.111otll,f .1 be !Jen. 

4'. ~ ar1etlJlW! L. 

44. CIUori. l.U:.!:!a!!. L. 

45. !!!lll !!!!!. L. 

CIlli.NOPODIACUl:. (6) 

46. Ch.nopodi!l! !l!!!arant1color Coate .L Reyn. 

47. £ •• lb!i.l L. 

48. Q.mural. L. 

49. Bet. vulgaris L. 

50. Ba,.ll. alb. L. 

51. £.rubre. L. 

COYlPOSI UE (5) 

52. ~ .I.gana J,cq. 

5'. :nanri. aytralasica Hk 

54. H.lianthUl ~ L. 

55. LactU,9' saUl'! L. 

56. Cartha.U! tiJlctoriQ! L. 

CRUCIF.Eli.U (2) 

57. IiAAturt1¥ ottloinall. :sr. 
58. kyai" .1.\tU.u L. 



A)WWI~I:iAC.iAE (}) 

59. Gollphr.y &lobo •• L. 

60. A!!raPlhga v1ridi. L. 

61. !.gllAg,Uc\!l 1. 

CUCURBITACEAE (8) 

62. CucU,!i' eat! vue 1. 

6}. g.Hlo L. 

64. CU2urbi~! ·2·oha~. Duoh. 

65. g.Ptt2 L. 

66. g,.!!!&!!!. Duoh 

67. Citrullu. vulgaris Schrad. 

68. Tr~oao.anthee eE£uina L. 

69. Momordica charentie L. 

YlALVAC.l!;Al!; (1) 

70. Altha,a roeea L. 

POLlGONACEA.E (2) 

T1. J.gopnon eac\llentlUl G •• r'tn. 

72. ~ nepal.n.ia Spr. 

GRAMIIEAE (1) 

73. & !!U.!. L. 

CARYOPHYLLACEAi (1) 

74. D1an1hUl ba;batys Pall ex. eer. 

AIZOACEAB (1) 

75. NYU,. "tSlllaHltty L. 

1 t 



L.AlIIATU (1) 

76. 2.2J..u! .anotua L. 

COMMELIIACEAB (1) 

77. Oo .. elina j,oobii C. Fisch. 

APOCYNAO.EAE (1) 

78. Vinoa rOSe8 L. 

D. Phy.ical properties of the virus isolates 

1. Thermal inaciivation pOint 

Three ml portions of the virus inoculum extracted with 

0.1 M phosphate buffer was distributed into thin walled glass 

tuDes of uniform fiz •• The tubes with the inoculum were 

subjected to temperatures ranging from 40° to 95°0 for ten 

minutes in a thermostatically controlled water bath. After 

the ten minute exposure, the tubes were immersed in ioe-cold 

waier for 10 minuies. The heat ireated sap was inoculated on 

chilli plants for each treatment in the case of virus isolates 

that did not have any local lesion hosts. In the case of 

virus isolates that produced local lesions, the local lesion 

hOft was used as the test plant. Untreated sap was used as 

a check. 

2. Dilution .114 poini 

Inoculua was .xtraoted by grinding the leaves in a 

aterile peatl. and mortar without the addition of buffer. 

S.rial dilutionf of the .xpr.fsed sap were made in 0.1 M 

phoaph.te buffer (pH 7.0) and .aoh dilution was inooulated to 
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test plant •• Plants inooulated with the ~diluted eap 

serve4 as the oheok. 

3. Long!Yitl !!!. vitro 

!he standard inooulum was distributed into smell 

glass vials in aliquots of 3 00 and one set of suoh viale 

was stored at the room temperature (26°_28°0) and another 

set at S·O for 100 days. Samples of the stored inoculum 

were taken at periodioal intervals and inooulated on to 

ohilli test plants. Freshly extracted sap served as oontrol. 

E. Studies on virus-veotor relationships 

The relationship between the viruses and aphid vectors 

was stUdied in detail in the case of the virus isolates 

010' 024 and 030 and the vectors Aphis go •• ypii and 

!.oraooivora. In the oa.e of the virus isolates 010 and 

024 detailed studies were made in respeot of virus 

transmission with Aphis oraooivors oollected from the souroe 

plants cowpea and Gljrioidia maoulata. Later .tudies were 

made by maintaining !_orapoivora on oowpea plants in insect 

oages. Young chilli plants at four leaf stage were used in 

all the studies on virus vector relationship. 

(i) Ertect of Frelia1DArz or Freaoquisition fasting on 

the etficienol of the aphid vectors to acquire the 

virus 

ktclle. of 20 aphidl "'ere fasted for varying periods 

rangiJag froa 15. 30, 45 and 60 minlltes and 2, 4 and 6 hoUTs. 
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fhe, were thea given an acquisit10n feed1ng per10d cf 

10 a1n~te. before allowing them a teat feed on healthy ~lant. 

for 24 hOurB. 

(i1) Determinat10n of the acquisition threshold of the 

vector. 

Batche. of 20 aphid. were starved for 2 hours. After 

preacquia1t1on faating the aphids were given an acquis1tion 

feeding period raqging from 5, 15, 30 snd 60 seconds and 

2, 5, 15, 30 and 60 minutes on diseased plants. the aphida 

were transferred to healthy test plents after the aoquisition 

feed and allowed 24 hour test feeding. 

(ii1) Determination of the inoculstion threshold of the 

vectors 

Batches of 20 Virus free aphids were starved for 

2 hours and then fed on infected plants for 15 min~tes. 

The aphids were transferred on healthJ teat planta after the 

acquisition feed. Different batches of Viruliferous aphids 

were then allowed different inoculation or test feeding 

periods ranging froa 15, 30 and 60 seconds and 2, 5. 15. 

30 minutes and 1, 4 and 24 hours. 

(iv) PeterliD_tioD of the Dwaber of viruliferous aphids 

per plant required for efficient transmi.sion 

Single aphid. and 5, 10, 20 and 30 aphids in batches 

were fasted for 2 hours and allowed an acquisition feed for 

15 minute. on infeoted planta. then, the, were transferred 

to healtbJ teat planta for a teat teeding of 24 hOUrs. 



(y) St~dl ot the p.raiat'ng' ot vir~, in the vectors 

d!lfiDlj t •• Ury; 

15 

Vir~. tree aphida were starved for 2 ho~rs and then 

allowed to teed for 15 a1n~tes on infected plents to .cqu1r~ 

the Yir~s. After the aoq~isition the aphids were starved for 

15. }O, 45 and 60 a1n~tes and 2, 4 and 24 hours. After the 

post aoquisition tasting, the aphids were plaoed on healthy 

teet plants to feed for 24 ho~re. 

(vi) Pereistence of the virus in the aphid vectors during 

feeding 

Vir~ free aphids were fasted for 2 ho~rs and then 

allowed an acq~ieition teed for 15 min~tes on infected 

plants. They were then transferred individually to series 

of healthy test plants in s~ccession. Vir~lfero~s aphids 

were given a teet feed of 5 minutes, 10 minutes and 

15 a1n~te8 on eaoh sucoesaiye test plant in two series 

and allowed 24 hours feed on the last plant of each series. 

F. Serological tests 

Antisera were obtained from the following sources. 

AntiBer~BI 

1. AntiserD for tobacco IIOsaio 
virus 

2. .Anti.erD for alfalfa lIosaic 
Yirl1. 

Souroe 

Microbiological 
ASSOCiates Inc. 
Washington 

Micro biological 
Associate. Inc. 
Waah1ngton 
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3. AnUserl.lll tor potato .,1rua X Mr.J.M.'l'odd, ScottiBh 
Agricultural Department, 

4. Antiserum for potato .,irus y United Kingdom 

;. Ant1serull :for oucumber 1I0saio llr.Kimble, U.S.I'.A. 
.,irus 

Ouchterlony agar double-d1ffusion teste were made ss per 

the prooedure described by Ball (1961). Tube precipitin 

teata ",ere made sa per the prooedure desoribed by 

Matthew. (1957). 



I. VirHS 41.ea.es of chilli 

A.(i) Survey ,na colleotion of virus isolatee 

A survey was undertaken in important chill! growing 

area8 of T~m11 Nedu to oolleot vi rue diseased ohilli plants. 

The disease wae found to be widespread with its inoidenoe 

ranging from 4 to 75 per cent. Thirty virus isolates were 

colleoted fro II different arees. 'l'he peroentage of disesse 

inoiaenoe, the number of oolleotions made, the deteils of 

looalities froll where they were oolleoted together with the 

designation of the isolatee are presented in the following 

Teble. 

Table 1: Colleotion of ohilli virus isolate. froll different 

areas of Tall11 Nedu. 

Distriot Plaoe of oolleotion 

Ooillbatore Agrioultural College 
Ce.plle 

Periyanaickenpalayall 

Follaoh! 

Bhavanieagar 

Sale. Sale. 

Dhar..arri K.r1ehnagir1 

Disease 
inoi­
denoe 

4.5-20% 

'0% 

50-60% 

20-35% 

30-40% 

15-21% 

No.o! 
col­

leotion. 

2 

2 

4 

6 

Isolate 
No. 

C21 , C23 
C1, C2 

C,,014'''15' ( 

C4,"5'C6 , 

°10,°16 '''26 

"9 

°7 
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® POTATO VI~U5 X 
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f.: CAPSICUM MOSAIC VI1!tJ5 

>J rOiAceo f TCH VIRUS 

,'i'l ALfALFA MOSAIC vmus 



Cb1nglepet 

North Aroot 

SOllth Aroot 

Urllob1-
rapalll 

Madllrai 

Tirtmel .... li 

Ramnad 

Kancheepllram 

Vellore 

Cllddalore 

ThllraiYIlr 

Ariyalur 

Tirllohirapalli 

l'l&n1kandall 

OddanohaUram 

KollpatU 

Sathllr 

Sankarankoll 

l,ruppllkottai 

14-26% 

15-20:' 

10-15% 

4~ 

6" 
5 -10% 

9% 

40-50% 

5-40% 

35-60% 

50-75% 

24-30% 

2 

2 

°20 

Os 
C12 

Q'9 

°25 

°29 

°28 

Cj1,02~. 

°18 

°22 

°13'°30 

°11 

-------------------------------
The distribution of the ohilli virllses in Tamil Nadl1 

is presented in the .. p. (Flate A.). 

(ii) Symptoms on the diseased plant 

The symptoaa exhibited PI the diseased plants at the 

tip of oolleotion and the symptoms indl1ced by the indiVidual _ 

virlls isolates were olassified into .ix grOIlPS and presented 

below. 

The groupings were based on detailed stlldies of trans­

aission. host range, physical properties and .erologioal tests 

disol188e4 in later pages of this work. 

The sa .. grol1pings were adopted in presenting the 

results in all experiment •• 
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01 + + + 

02 + + + 

0, + + + 

04 + + + 

05 + + + 

06 + + + ., ++ + + + +++ + ++ + 
Qa ++ + + + ++ .. + ++ + 
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014 ++ +++ + ++ 
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Qro~p II The collection C1 and C2 exhibited chloro.i. of 

leave., the leaves being mQch paler than normal. Mosaio 

mottling of light to moderate shades of green was observed. 

The pluta were Ie.. bQahy than the noru.l alld the leave. 

w.re also slightly orinkled. 

Groap 11: In the oase of the collection 03' °4, 05 and °6, 

the lesves exhibited interveinal chloro.is and light and 

dark green mosaic pattern. The diseased plant. were .lightly 

stunted. The sympto .. were not very distinct from the first 

groap exoept for slight differenoes in the severity of 

mosaic pattern and slight stunting of the diseased plants. 

Group III: Chlorosis, fine diffuse mottle and slight defor­

mation of thl leave. were the symptoms charaoteristic of the 

oolleotion 018' °21 , C22 , The leaves also showed crinkling, 

vein banding and slight blistering, The oolleotion C7, C8, 

09' C10 ' C'1' C'2' C13 , C'4' °15 , C16 , C17, °19 , 020 and 

C23 exhibited olearing of veins of young top leaves, mosaio 

mottling of severe type with crinkling of leave •• The leaves 

were so severely deformed, that the lamina was very auoh 

reduoed in 8i •• to varying degree •• They were elongated from 

base to tip aDd reduoed in breadth. The reduotion in lamina 

was very prolliinent in young and middle leaves. The older 

leaves exhibited chlorosis and dark green vein banding, 

Some leaves were a180 twisted, bent at the middle and folded 

towardl1lle baBe. The frui ts were severely crinkled and 

l&aller ill li.e. This group was distinctly different fro. 
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the previo~s two gro~ps in exhibiting vein banding and 

deformation of the leaves with red~otion in the size of the 

lamina to varying degrees. The collection C18 , C
21 

and C
22

, 

though exhibiting less severe leaf deformation and mosaio 

pattern than the others in the third groQP, had, however, 

vein banding symptoms. 

GroQP IV: The oollection C24 and C25 exhibited severe 

mosaio mottling symptoms on the lamina, slight blistering 

and severe deformation of leaves with redQotion of lamina. 

This gro~p differed from the grOQPS I and II in the severity 

of mosaic pattern and leaf malformation with reduction in 

the lamina and from grOQP III in not exhibiting Vein banding 

symptoms. 
? 

GroQP V: The collection C26 , C21 and C28 exhibited chlorosis, 

moderate mosaio mottling symptoms and flagging of some older 

leaves. Heiroglyphic markings were noticed on a few older 

leaves. This groQP, thoQgh exhibiting symptoms that could not 

be distingQished olearly from the first two groQPs except for 

a few older leaves showing heiroglyphio markings and flagging, 

was reckoned as distinot, since its constitQent isolates 

differed in other oharaoters of transmission, physical 

properties and host range as well as serological reaction, 

discQssed elsewhere. 

Groap VI, The oolleotion C29 and C}O showed uniform pattera 

ot aoaai. aottliBg of leaves ot larger pat.hes of light an4 
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dark green areas. Older leaves were exhibiting often ohlorotio 

rings, oak leaf patterns and vein banding. This group is 

distinot from groQP III in not showing leaf defor~ations or 

reduotion in laaina and differs from group IV in exhibiting 

vein banding. The symptoms of this group is les~ distinot 

than groups I and II as well as group V that showed flagging 

of a few old leaves. 

From the study of field symptoms it became evident that 

symptoms alone could not be used as criteria for distinguishing 

the virllsea, except to broadly differentiate them into groupe 

on the basis of extreme reduction in lasina with severe mosaio 

patterns and vein bending. 

(iii) S7mptc .. on Capsioum Bnnllilm on artificial 

inoo ul ati on 

On artifioial inoculation, the plante of 'Sethur samba' 

a looal oultivar of Q.~ exhibited the following symptoms. 

GroQP II The isolates C1 ana C2 produoed diffuse yellow 

chlorotio spots on inoculated leaves in about 4 to 6 days 

follOwing inooulation. The inooulated leaves absoissed 1n 

another two days. This aoute atage was followed by ohronic 

sympto.s in newly formed leavea with olearing of the veins 

follow.d by light and dark green moaaio mottling, puckering 

and bl1.ter1D&. !he infeoted plants were alightly stunted. 

In tke •••• of a few of the .e •• rel, infect.d plants necrotic 

patake. app.ared along the veins. The neorosis .xt.nd.d alOD& 



the petiole reaching the stem. The leaves dried and hung 

down. The necrosis of the stem prooeeded downwards killing the 

yo~ stem at first and Qltimately the plant later. 

GroQP II: The isolates C3' C4 ' C5 and C6 did not produce 

any symptoms on the inoculated leaves. Young leaves near the 

top of the plant exhibited vein clearing in about 10-12 day. 

following inoculation. Chlorotic to pale green patches and 

mosaiC mottling symptoms followed by crinkling of leaves 

appeared later. The infected plants were slightly stunted. 

Only few fruits were formed whioh were reduced in size and 

crinkled with whitish yellow markings when green. 

Group III: The isolates C1S ' C21 and C22 did not produce any 

symptoms on the inoculated leaves. After 14 to 15 days 

following inoculation emerging leaves exhibited mild chlorosis, 

fine diffuse mottle and slight reduction in the size of the 

lamina. The leaf margins were wavy. Vein banding was observed 

as a charaoteristic symptom. The lamina also exhibited slight 

blistering. 

The isolates C1 , CS ' C9, C10 , C11 , C12 , C13 , C14 , C15 , 

C16 , C11 , C19 , C20 and C23 also failed to produce any 

symptoms on the inoculated leaves. Twelve to sixteen days 

after inoculation young newly formed leaves showed symptoms 

of vein clearing and subsequently severe mosaic mottling of 

light and dark creen aress. The leaves had wavy margin with 

Crinkled lamina. The older leav •• exhibited pale ohlorotio 
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interveinal areas and dark green vein banding. The leaves were 

elongated from base to apex and reduoed in breadth. The lamina 

was reduced to varying degreel in young leave. on both lidel of 

the midrib. The lamina wal also completely lacking with the 

midrib thin and drawn out as a filiform tendril. Some of the 

middle leaves were bent at the middle and rolled down below 

the basal half. Fruits produced on infected plants were small 

in size and crinkled. 

Grol.lp IV: The isolates 024 and 025 did not exhibit any 

symptoms on the inocl.llated leaves. About 14 to 16 days after 

inoculation YOI.lng newly formed leaves exhibited vein clearing. 

Mosaic mottling of light and dark green areas were observed 

subseql.lently. The leaves exhibited crinkling, blistering, 

twisting and waviness of the margin. The lamina was redl.lced 

to varying degrees on both sides of the midrib and in a few 

instanoes leading to filiform structl.lre. Vein banding 

symptoms were,however, not prodl.lced by these isolates. 

Grol.lp V: The isolates °26 , 027 and 028 showed mild chloro,is 

of the inool.lleted leaves abol.lt 8 days after inoculation. The 

emerging leaves exhibitad clearing of the veins after 12 d8YI 

from the time of inocl.llation. Sl.lbsequently, mild symptom of 

mosaic mottling was observed along with vein banding. The 

leaf margins were wavy. l~e lamina was either normal in sise 

or .lightly red_oed. Older leave. exhibited heirogl,ph!c 

marJt1nga and fiau;1Dg. In 'everal, infeoted plant. older 

leave, showed neor08i, at the base that cal.lsed leaf fall. 
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Grollp VII The virlls isolates G29 and C'O caliBed clearing of 

the vains of newly formed expanding leaves in abollt 10 to 14 

days after inoclllation. The inoclilated leaves did not exhibit 

any symptoms. Infeoted leaves exhibited Ilniform systemio 

mosaio lIottling Sllbseqllently. The 1I0saic consisted of larger 

patohes of light green or slightly pale yellow Brees. The 

lest tip was slightly elongated. Older leaves often showed 

chlorotic rings and oak leaf patterns. The frllits formed 

were slightly crinkled and pale in colollr. 

B. Transmission tests 

Transmission of the virlls isolstes were tested both 

by sap inoculation and by the lise of different species of 

aphids. namely Aphis gosslpii, ~.craccivora. 1. evonymii, 

1.nerii, ~ persica •• Toxoptera citricidlls, Rhopalosiphwa 

maidis and P,ntalonia nigronervoea. lbe reslilts are presented 

in the Table 4. The isolates C, and C2 (group I) and the 

isolates C" c4' c5 and c6 (groliP II) were only sap inoculable. 

1he aphid species tested could not transmit these isolates. 

The virllB isolates in grollp III namely c7 to C2, in serial 

ordsr and the virlls isolates in Grollp IV namely C24 and C25 
were transmitted by fOIlr of the aphid species Aphis gosslpii 

.!P!!!.I. oraocivora. ~ evon.vmi1 and MIZIlS persio.e. Aphis 

Cra001yo~alled to transmit the virlls isolates C26 , C27 and 

C28 1n Grol.lp V. 

~ evoPl!1i failed to transmit the virl.ls isolstes 

C26 • 027 &ad 028 1n Grol.lp V and C29 and C}O in Grol.lp VI. 



!sS!l nefi! was able to transmit the ~lrUB isolates 

024 &ad 025 in Gro~p IV alone succesBf~ly but failed to 

transmit any of the other ~irUB isolates. 

To%optera citricldus, lihopalaslphum ~ and 

Pentalonia nigroner~osa did not transmit any of the virus 

isolates tested. 

C. Studies on host range and symptomatology of the ~irus 

isolates 

The ~irus isolates were inoculated on different host 

plants listed earlier and their reactions were studied in 

detail. Symptoms induced by indiVidual isolates within a 

group did not ~ary and are therefore presented here in 

groups.( To.ble 5, plo..tes 1~6.) 

Nicotiana tabacum C.V. White Burley 

The ~iru8 isolates 01 and C2 did not produce any 

reaotion on the inoo~ated leaves. Vein clearing was the 

first symptom obser~ed 10-12 days after inoculation on newly 

emerging young leaves. Subsequently produced leaves showed 

mosaio mottling oonsisting of patches of light and dark 

green areas. Leaf urgins were slightly distorted and the 

leaf-size was also slightly reduoed. 

!he virus isolate. of group II namely, Ca, C4 ' 05 

and 06 prod~oed necrotiC spots on inoc~ated leaves in 

}-. d.,s. This was followed bf mosaic mottlIng of new, 

exp&a41n& leave. in 12-14 days. 
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the isolates of group IiI namely 07 to 023 in seriatum. 

nwabering 17. infeoted this plant sys'emioally. Inoc~lated 

leave. failed to exhibit any symptoms. Vein clearing was 

obBerYed on the new expanding lea! in 12 days followed by 

general ohlorosis and mosaic mottling. Vein banding 

especially, near the finer veins was the marked symptom. 

The virus isolates of gro~p IV namely 024 and 025 did 

not cause any symptoms on the inoc~lated leaves. New expanding 

leaves showed mild clearing of the veins 12-14 days after 

inoculation. Mosaic mottling of light and dark green areas 

appeared later. The leaves were slightly reduced in size and 

the infeoted plants were slightly stunted. 

The isolates of group V namely °26 , 027 and C28 infected 

this plant in about 8 days showing mild vein clearing of the 

young expanding leaves. No syaptoms were observed on the 

inoculated leaves. l'.ild mosaic mottling appeared later. 

Leaves of the infected plants also showed slight vein banding. 

Older leaves exhibited heiroglyphic markings and necrotic are •• 

bordering the vein •• 

The isolates of group VI namely 029 and 030 caused 

systeaic vein olearing of the expanding leave. abo~t 10 days 

after inoculation. Subsequently, the leaves developed mosaic 

mottling syrptoaa. Older leave. occasionally exhibited oak 

leaf patterll.8. 



!. tabacym C.V. Harrison's Special 

The isolates belonging to all groups did not show any 

symptom on the inoculsted lesves. Young expanding leaves 

exhibited vein clearing in about 10-12 days except the isolatee 

in group II. All the isoletes caused mosaic mottling symptoms. 

Distortion of lea! margins were observed in plants inoculated 

with group I and group III isolates. Size of the leaves was 

reduced in oase of group I and group IV isolates. Vein 

banding was observed in plants inoculated with group III and 

group V isolates. Inoculated plants were stunted in caee of 

group IV isolatee. 

!. ,Eibacu!ll var. ~ 

The ieolates of group I caused local necrotic lesions 

on the inoculated leaves in 2-4 days after inoculation. No 

systemic symptoms were produced. Isolates of other groups 

did not show any symptom on inoculated leaves. Isolatee of 

group III and IV exhibited vein clearing followed by mosBic 

mottling, reduction in lamina size and slight stunting of 

the plants. Isolates of group II, group V and group VI 

caused mOBaie mottling symptoms. 

!.gluUnosa 

lh. isolat •• of group I caused local necrotic lesiOns 

on the inoculated leaves in 2-4 days as in the case of the 

host !.jabBcum var.~. On !.glutinosa however, the 

le.ions enlar,ed and coal •• o.d together and the infeotion 

spread to the petiole. and to the stem causing a blackening 
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of the area and killing the apical part of the plant IUlder 

swa.er oonditions. Isolates of group V induced vein-bandiBg 

.ympto... All the other isolates of different groups cau.ed 

.Yllptoms silliler to those tha t were produced on !. tabecull var 

xanthi. 

!.panlculata and !.companiculeta 

Both the species had reacted with systemic symptoms of 

mosaic mottling to all the virus isolates in all the groups 

in about 14-16 days after inoculation. 

!J..glauca 

Planta of thia apecie. reacted with mosaic mottling 

symptoms of the emerging leaves, 15 days after inoculation 

with the isolates of group I and II. Isolates of group III 

induced mosaic mottling and severe vein banding. Isolates 

of group IV, V and VI did not produce any symptoms. 

!.rl.lst1ca 

This speoies reaoted with brown looal lesions on the 

inool.llated leave. with grol.lp I and group II virl.l8 isolate •• 

The isolates of the grol.lps IV and VI did not infect this 

plant. Isolates in grOl.lp III reacted .~th severe mosaic and 

ohlorosis. Isolates in group V reacted with local lesions 

followed by II1ld m08aic mottling. 

De. tva • tramon19 

I.olat •• of grol.lp. I aa4 II cal.l8ed looal lesions of 

4 .. 81 •• in ~-4 da,8 on 1nooQlat.d 1.a~.8. ~ere was no 
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howeTer, showed 11~tO" of vein neorosis, w~lt and absois.ion 

of lower leaT.s whioh were not obler.ed in the Tariety b~ooat~m. 

Both the Tarieties resoted with mild mosaic mottling of newly 

formed leaves in 12 days when infected with the isolates of 

gro~p VI. 

Q.microcarpon 

The ilolates of gro~p I did not infect this species 

and ca~ee any symptoms. The ilolates of gro~p II oaused local 

brown lesions of 1 mm size in 5 days on the inoc~lated leef. 

No systemic symptoms were prod~ced. The isolates in gro~p III, 

IV, V and VI ca~sed mild mosaic systemically on newly produced 

leaves in 12 to 15 days after inoculation. 

SolanlUl ~ 

The isolates of group I and III caused in this plant 

systemic symptoms of faint mosaic mottling in about 15 days. 

B~t the isolate. of gro~p IV caused systemic symptoms of 

seTere mosaio. The isolates of group II, group V and group VI 

did not infect this specie •• 

!.demiss~ x !.t~beroslUl Hybrid A6 

Detached leave. of this hybrid plant on inoculation 

with group III ilolstes exhibited brown local lesions after 

inoa'bation in a moist chamber at 22°0 and constant light 

after 4-5 days; none of the isolates of any other grouPl 

oaused any Iy.pto. on this hlbrid. 
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Lroopet.icon •• culentH! 

Plants of this speCies reacted with mosaic mottling 

.ymptoms .y.tem1oally in 10-12 days with isolates of group I 

and group II. 10 reaction was observed with isolates belonging 

to the other four groups. 

Petunia hybrid a 

Group I isolates caused severe systemic mosaic syaptoas 

on newly formed leaves in 10 days. Isolates of group II also 

caused .iailer symptoms. Isolates of group III and group VI 

caused mild systealc mosaiC symptoms and vein banding in 

12 to 15 days. Isolates of group III also induoed veinal 

neorosis. Isolates of group IV and V caused severe mosaic 

mottling and crinkling of leaves. 

lioandra physaloides 

Group I isolat •• on inoculation caused severe mosaio, 

crinkling of leaves and stunting of the plant. SImilar 

symptoms were produced by the vIrus isolates of group III 

and group IV. Isolates of group II, group V and group VI 

caused only mild mosaic symptoms. 

Physalis peruvians 

Thia species on inoculation reacted after 15 days with 

mild mosalc to the isolates from group I. Group II, III, IV 

and group TI isolates did not infeot. Isolates from group V 

cauBed mild mo.aio and vein banding of the young leaves. 



l·tl°ri4aua 
Plants of this species reacted with mild mosaic to 

isolates from gro~p III and gro~p V in abo~t 12 days. 

Vein banding was also ind~oed by isolates of group V. This 

plant was not infeoted bl the isolates in groups I, II, 

IV and VI. 

Chenopodi~m aaarantioolor and Q.murale 

Both the species reacted with 100a1 lesions on 

inoculated leaves in about 5 to 7 days with the isolates 

from gro~p I. Q.amaranticolor reacted with local lesions 

in about 5-7 days on inoculation with the isolates from 

group II while £.murale reaoted with severe systemic mosaic 

mottling, smalling of leaves and stunting follow,~~ local 

lesions. The isolates of the groups III, IV, Vand VI had 

failed to produoe any of the symptoms in these two speoies. 

£.~ 

Group I isolates caused local brown lesions on 

inooulated leaves in a week. Isolates of other groups did 

not infect £.~. 

P4a •• olus v¥1garis (local variety) 

The isolates of gro~p I, II, III, IV or V did not 

caus. any symptoms. Gro~p VI i8o1ates oa~Bed small brown 

looal 1.8ions of 1 am size in 4 days after inoc~letion on the 

inooulat.d flr.t pair of leave8. 
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Jled1oago wm 
Group VI isolates infeoted and oaused mild mottling 

symptoma, 14 days after inooulation on young leaves. 

The mottling disappeared in older leaves. Isolates of other 

groupe had failed to infect theee plants. 

Trifolhlll repens 

Fourteen days after inooulation, emerging leaves 

exhibited mild mosaio mottling with the isolates in group VI. 

The isolates of other groups did not infect this plant. 

Vi 01 a 1!!.!!!. 

Chooolate brown necrotio local lesions of 2-3 am siee 

developed on inoculated leaves with group VI isolates only. 

Necrotic streaks or patches had also developed on the stem 

and in a few oases the plants died. No symptoms were produced 

by isolate. of other groups. 

~ elegan, 

Mild mosaio mottling developed systemioally after 

12 days on newly formed leaves with group I isolates. 

Isolate. of group V and VI also oaused ·mild mosaio, 10-12 days 

after inooulation. Isolates of group IV oauaed severe 

moe&10 mottliag and orinkling. There waB no reaotion to the 

isolates of group II and group III. 

lJophr!_ 4m" 
!be isolates trom group I infected and oaused 

ohlorosis and mos.io mottling on newly formed leaves of 
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thi. plant atter 12 days followiDg inooulation. The isolates 

from group II cauaed local round, reddish neorotic lesions 

in 4-6 day. on inoculated leavea. No syatemic infection 

took plaoe. Virua isolates from groups III, IV, V and VI 

did not iniect this plant. 

Cucumis sativUB 

Isolates from group IV produoed clearing of the veins 

of new leaves of this plant in 10 days. Leaves produced 

later (second or third pair of true leaves) exhibited mild 

mosaic mottling symptoms. The isolates from other groups 

had not caused infection. 

The symptoms observed on various host plants are 

summed up in ~ab1e 5. 

All the isolates tested had failed to infect the 

following species. 

Solanum me1ongens, PhYss1is minims, Vigna sinensis, 

Phaseo1us ~, £,~, Pisl.lll sativl.lll, Csjanus cajan, 

CY .. ops1s psoraloides, Lathyru8 odoratqe, De11chos ~ ~, 

G1Yoine SIl, Gljricid1a maculata, Trifolium pratense, 

!.inoarnatum, Crotalaria juneea, Arachis hlpogaea, 

Melilotus !!!!, Cioer arietinum, Clitor1s temata, 

Beta vulgaris, Basella alba, ~.~, llavaria australasica, 

Helianthua aanqus, Lactuoa sativa, Carthamus tinctorius, 

••• turtiW! officinalis, Brassic, jance" Amaranthus viridis, 
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Flate 2 - Potato Virae X 

A. Symptom on ohilli plant 

B. Local ~es1on8 on Gomphrena globos. 

C. Symptom on Nicotiana glutinosa 

D. Local lesions on Chenopodiam amaranticoloF 

E. Looal lesions on Cepsicam frutescene var. tabaeoo. 
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Flate 3 - Potato Vir~s Y 

A. Symptom on chilli plant 

B. S,.pioa on chilli I_ayes 

C. S,mptoa on Nicotians glutinosa 

D. Local lesions on Fotato hybrid 'A6' 



Plate 4 - Capsicum mosaic Virus 

A. Symptom on chilli plant 

~. SYIII:ptCIl'o on ehi1U leaves 

c. Symptom on ~ stramonium 

D. Symptom on Niootiana glutino8a 
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Flate 5 - Tobacco etch Virus 

A. S)'JIptom on ohil11 plant 

ll. Symptom of leaf abscission of ohilli 

C. Symptom of etch on cil11 

D. SfIlptoli of etch tobaoco (lib! te burley) 



AMY 



Plate 6 - hlfalfa mosaic Virua 

A. Symptom on chilli plant 

B. Sympto. on chilli leaves 

C. Local lesions of PhaBeol~s v~gari. 
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D. Stu4i" " Pkr,l'tl propertl.. of tit Iir" i.ol.t •• 

;h'E!!l 1Jact1I.tlop pO!1l 

36 

fke theraal inaotly,tion polnt of the Yiraa 1.01.te. 

_. del.rain.d .. oll!llbd lInd.r '''t.rlal. and M.ethod.' • 

!h. re.1ll $a art fu.rn1lh.d in fan. 6. 

I.ol.i •• of crOIlP I w.re foUDd inf.otlY. afi.r .rpo.u.re 

to 85·0 tor 10 ainu!'I, bu.i tht7 w.re lnaoiiY,itd at 90·0 

.xpo.u.rt for the lame p.riod. 

!he i.olate. of grou.p II were inaotiYat.d at 10·0 

bu.t r • .aine' aotiYe .t 65·0. 

!he i80lat •• in Grollp III had T&r7ing th.raal 

inaotiTation point I' detail.d b.low. 

the 1801ate. c7 ' OS' 09' 0,0' 011' 012 and 01, w.re 

int.oiiT. aft.r 'XpOI~' io 55°C and beo ... inooROus at 60·0. 

fb. i.elat •• °,4 , 0'5' 0,6' °,7 , 0,9 " 020 and O2, 

had ikeir thermal inaoliTation pOint betw •• n 60·0 and 65·0. 

the i.olate. 0,8 , 021 aDd 02~ad their th.r .. l inactiT.tion 

point betw •• n 65· and 70·0. 

th. ilolat.. in croup IV ha4 a thermal inaotiY.tion 

point lHt'twte. 60· 0' 65·0. 

!he i.olat •• ill crou.p T w.re able to withltand 55·0 

Ht .ot 60·0. 
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!b. 1 .. 1at •• 1. group 11 had thelr iheraal iaactiyation 

pOint between 60· .. d 65·C. 

Allytlon epd poiat 

!be re.ul. t. are pre •• nted ia Table 7. Iaolataa in 

group. I aDd II had a dilution end point aboy. 11100,000. 

The i.olate. in group III had 8 Yaried dilution end point 

.. detailed below. 

The i.olat •• 07 and 08 were infectiY, at a dilution 

of 1:100 and became inocuous at 11500, The iaolate. C9 to 

~22 in .eriatum were intectiY' at a dilution ot 1:2000 but 

not at a dilution ot 1:5000. Th. iBolate 023 waa intactiY' 

at a dilution ot 1110,000 but not at 1:20,000. 

The iBolat •• i. Group IV name11 C24 and C25 w.r. 

iat.ctiY. at • dilation ot ,,'0,000 ead aot .boye. 

fbi Yirua i.olat.B 026' 027 and C28 in group' were 

int.otiy. at • dilution of 11100 but not at 11500. 

!be i.olate. in Group 11 naHll C29 and 0,0 were 
/ 

iat.oUY. at • dilution ot 112000 bllt aot .t 115000. 

Lope!!i if Aa !UU. 
fbi re.Qlt. are pre •• at.d ia Table. 8 and 9. 

!be 1.~lat •• of sroap. I ... II w.re infeotiy, tor oy.r 

,0 • .,. "10 lea. thaa 100 dal' 1IIhe:a .torecl 1a .!UI.!!. et 

26"-28·0. 
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!he isolaies of group III had a longeTiiy 1a vitro 

of 2 days at roo. temperature exoept °14 , °15, °16 , °17 , 

019 aDd C20 whioh had • 4 days longeTity. 

3S 

The isolates of group IV had a longevity 1n !1!r£ of 

4 days. The isolstes of group V had a longevity is .!l..tt£ 

of only 24 hours. The isolate. of group VI withstood 2 days 

storage in!11££ at room temperature (26~28·C). 

The isolates of group I had a storage life is ~ 

of about 100 days when stored at 5°O, while thoae of group II 

had a longevitY!!!!11££ between 30 and 100 days at 5°C. 

The isolates 07 to 023 of group III varied considerably 

in their period of longevity!!! vitro when .tored at 5·C. 

!he isolates °7 , °8 , °18 , °21 , 022 and 02' had 8 longevity 

of 3 days. The isolates namely 09' 010' 011' 012 and 01' 

had a longevity of 4 days, while 019 and 020 withstood storage 

for 5 days. The isolate °14 , 015' 016 and 017 withstood 6 days 

storage. 

fhe isolates of group IV had a longevity of six da,8. 

The isolate. of group V had a storage life of 3 day. 

!!! vitro at 5·0. 

!he isolatea of group VI had 4 day. longevity!!! vitro 





39 

E. Studies on the V"tor-Viru, relationahips of chilli virwa 

isolates repre.enting three group. 

Detailed .tudie. on the 'ector-Virus relationships 

were oarried out with three chilli virus isolates, eaoh one 

representing the groups III, IV and VI respectively. These 

virWl isolates were determined based on host range. 

symptomatology, physical properties and serological reactions 

as potato viru, Y, capsioum mosaio virus and alfalfe mos&10 

virus respeotively. 

Both the aphid species namely Aphis gossypi1 Glov. and 

Aphis craooivora Koch. were used as vectors. A.gossypii 

oolleoted from cotton plants and !.cracc1vore oollected from 

Gljricidia maculata were employed for the studies on the 

effect of preacquisition fasting of the aphid veotors on the 

efficiency of virus transmission. Subsequent experiments 

were conduoted with Aphis gOBsypii maintained on Capsioum 

~ and !.craccivora maintained on Vigna sinensis in 

inaect cages. 

1. Effect of Preaogij1sition fasting of the aphid yeptgrs 

on th •• ffioienoy of trans!1ssicn 

The virus isolates °10 , 024 and 030 representing 

potato virus Y (troup III), capsioum mosa10 virus (Group IV) 

and altalfa mOlaio Virul (Group VI) respectively were studied 

in detail in r.lation to th. v.ctors !.go,sypil and !.oraooivora. 

F'~.l 
!he re.u1 ts are presented in ~able 10", The data 

indicated that the vector !.go.slpii was able to transmit 
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.to 

all the three Yiruse. e"en without preaoqui.ition tasting. 

HoweYer. the orier of transmission was fOlmd to be a8 low 

as 6.7. 6.7 and 10.0 per cent tor the three "irusea 

respecti"ely. The effioiency ot transmission inoreased 

with the inerease in preaoqu1sit1en tasting period ot the 

aphids. laating tor a period et two hOl1ra we.a tOlmd to be 

optimum to seol1re transmilaion peroentage. a. high as 

76.7 and 73.3 for potato "irl1. Y and altalta mosaic 

,,1rl.l8e. re.pecti"ely. In the oase ot the oapsioum mosaic 

"irl1s maximum peroentage of infection (80.0%) was obtained 

with fol.lr hol.lrs of preaoguisitlon tasting. 

In the oase of the yeotor !.oracoiyora, a prellm1narJ 

pr.aoqu1sition fasting was fOl.lnd to be eBsential for 

81100.sst111 transmission of the Yirl1.es. though the alfalta 

mo.aie yirus was tOl.lnd to be transmitted to a small extent 

ot 3.3 per oent withol1t the preliminary tasting ot the yector. 

The etticienoy ot transmission increased with the period ot 

preaoql.li.ition tasting, the optimum period being two hol.lrs 

in the O&.e of the altalta mosaic virl1s. and, tOI.lr hOl.lra for 

potato virus Y and cap.icum moaaic virl.l8. lasting the veotors 

beyond the opU.wa period was found to redl10e the percentage 

ot 'tranami •• ioJl. :lro. the total number ot .l1oees.tul 

'tran.lI1.siona of all the three Yiruaes it was obsernd that 

!.lolln1! aocolUlts tor 41.9 per oent transmission. Only 

32.8 per oent transmission was obtained with the Yector, 

!.!Fa.oivora. !"o"lP11 waf tOl.lnd to be a .ore ettioient 
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vector than !.cracciyora in the transmission of the three 

viruses. 

2. Aegu1.it10A threshold of the two aphid Teetors in reapeot 

of the three yirUlee 
FiS·;;· 

fh.e reeul t. are presented in Table 11~ The nctors 

!.goBBypil and !.,racciTora Taried in their ability to pick 

up the virus isolates and become viruliferous with varying 

period. ot acquisition teed. !.go •• ,p1i was able to acquire 

potato virus Y and alfalfa mosaio Virus within five seconds, 

but required fitteen .eoonds to pick up oapsicum mosaic virue. 

!Ille trall8111i88ion percentages were 73.3 and 60.0 respeotively 

for potato virus Y and alfalfa mosaic virue, when the veotor 

was fed for a maximum period of fifteen minutes. The maximum 

percentage of 66.7 transmission was recorded with 30 minutes 

aOQuisition teed in the case of the capsiCum mosaic virus. 

!.craocivo;a wa. not able to transmit any of the 

thres virus isolates with tive seoonds of acquisition feeding 

period. Fitteen seconds were found to b. the minimum 

aoquisition teed required tor transmission. Maxilllla percentage 

ot transmission was obtained with fifteen minutes acquisition 

teed in cas. of potato virus Y and alfalfa mosaic virus while 

30 minl.l.tes aoquisi tion teed was reqll1red for the capsicum 

.osaio virus. !he r.su.lta indicated that the vector !.gossIPii 

was able to transmit the virl.l..es to 41.9 per cent of the 

t .. t plante while !.prycivora was able to transmit the 

.uu.se. to 40.2 per cent ot the t •• t plants. 



>< ~ t;: 
f;:; 0 < 
'j : i 

: I I ... 

~I 

~------~------~------~o;-----~~;-----~~~----~o;----
~ ... o 

'" 

N 

o 
'" 

o 





r:r:f!C"'\Il"~r: 
010 010 IC>"'''''''IC> 

"'''' ........ ''''''''''''''' 
000 00 

c;~f'.'"\r:!'C\rt;r:r:~('(\ 
G _ ~ ~. '" '" IC> 10 '" '" 

~ (\Jtc"\~.q.I.C\ll'\lt'\ 

~~o~C!t-r:~~t-: 
~ ~~~~~~:i<.~ 

1C> .... "''''I!'It-ooo'''oo 

r:qr:t-~0t-:~tc"\r-: 
<.0 010 IC>t<"IO\l)Ot<"l1C> 

(\JI'(\I..C\oOr-\..C\.O 

~~or:r-r:tl'\ff'\t-r: 

o ~rR~~~~~~ 

. 
0\0 

.... 
o 

I!'I 
'" 

o 
o 
'" "-.­
L(\ 

t<"I 



3. Inoculal1on lhreahold pI the two aphid ~eotorl in re.pee! 

of the three Tiru,.s 
F:~ 3-

The results are presented in fable 1~. Both the species 

of aph1ds were found to transmit the three viruses .vsn within 

15 seoonds of test feeding. HoweTer, the percentage of 

transmission was found to be poor with the short period of 

feeding. !.go •• Y]11 transmitted the potato ~irua Y with a 

maximsa peroentage of 73.3 in 30 minutes test fead. 

The oapeiown mosaic virus was transilli tted to a maximum of 

70 per oent in one hour. The alfalfa mosaic ~irllB was 

transmitted in 15 minutes test feed to a maximum of 

56.7 per oent. 

The ~eotor !.eraoeivora transmitted the potato vlru. Y 

i801&te in 30 minutes test feed to 63.3 per oent of the teet 

plants and to 70 per oent of the plants in one hour test feed. 

The oapsieum mosaic virus was transmitted to 56.7 and 53.' per 

oent of the test plants in one and four hours test feeding 

periods resp.etlTely. Alfalfa mosaio virus was transmitted 

to a maximum of ~6.7 per oent in 5 minutes test teed. 

Inor.ase in the inooulation feeding period reduced the 

efficiency of tranemi8sion. 

When the total efficiency of tranemi.sion was 

oonsidered the veotor !.go"lPii tran.a1tted the virus 

1.01at •• to 39 p.r c.nt of the te.t plant. and !.craoeivora 

tranemitt.d the virus 1.01at., to 37.3 per oent of the t.st 

pl .. ". 
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4. Minimum n9lber o~ aphids reqUired per plant for optim~m 

yuu. tran .. 1 .. ion 
F:9· 4 · 

the result. are presented in Table 1'~ ill the Yiruees 

were suooe.sfully tran.mitted by single ad~lt aphids of 

!.go'8lP1i a. well as !.eraoo1vora. Maximum transmission was 

obtained with 20 aphids in ee.e of potato vir~s Y and alfalfa 

m08aie Yirus. With the oapeic~m m08aio Yir~s maxim~m 

transmission was obtained with 30 aphids. 

!.goS81pl1 gave 41.8 per oent total euocessf~l 

transmissiona and !.oraocivora was able to transmit the 

viru.es to 39.9 per cent of the test plants. 

5. Persistenoe of the viruses in aphid veotors during fasting 
F,~.5. 

fhe data is presented in !able 14/: The virul1ferou. 

aphid8 in the case of !.goa,xpii were able to retain potato 

virus Y and alfalta mosaio virus upto one ho~ and capsioum 

mosaic virus upto 2 ho~s. In the ca.e of !.eraeoivora 

the Viruliferous aphids were a ble to retain the potato 1'ir~s Y 

~or one hour aDd cep8ic~ mosaiC virue for two hours, but lost 

the alfalfa mosaio virus in 45 minutes. 

6. Persi.tence of the viruses in aphid vectors d~ing feeding 

!he results are presented in !able 15. The potato 

virlll Y, capsiCum mosaiC virus and alfalfa mosaic vir~s were 

tran.1Ii tt,d up to the third .~coesa1'" test plant bl 

!.,o"lpi1 when the interYal at transfer was tive minutes. 

Aa the iJlterYal ot tranater wa! increased to teD mi:raute. 

rarely a third plant wa! iJ1f,oted. it 15 minu.te, interval 





.f tl"an • .ter olll,y Ute first p1l!Jlt in the series we. idected. 

A.oraeeiyors also exhibited aim11ar results. The persistenoe 

of the Yiruses studied during continuous feeding was 

15 IIlinutes and was 1I0re than 60 ainutes during tasting. 

7. Relative ,fficienol of the veotors in transmission 

An overall pioture of transmission sffioiency of the 

two vectors A.go.sypil and A.oraoeivora from the first four 

of the experi.ents on vector virus relationship is presented 

in Table 16. 

Table 16 : Relative vector efficiency in the experiments 
on Yector-virus relationship 

Experilllent 

Total number of plants idected! 
Total number of plante inooulated, 

percentage infeotion 

Aphi. 
goeupU 

Aphis Diffe-
eraociyora renoe 

----------------------------------------------
a) Preacquisition .ill. 47.91 £.2§. '2.82 15.1 

atarTation 720 720 

~ * ill 40.2+ b) Acquieition feeding 810 41.9 810 1.7 

ill * .lli. 37.'+ 1.7 c) Inoculation feeding 900 39.0 90e 

m * l§i 39.9+ 1.9 d) Huber ot aphid. 675 41.8 675 
-------------------------------------------

1) Aphids collected frolll cotton plants in the field 

2) Aphids colleoted troll Gljricidia maculate in the field 

* .lphid. aai.ntained on Capsioum anllll.!Ul in cages 

+ .lph1ds aai:atainft on !!a. .iHHi. in 0 .... 





The above results indicated that !.gO •• lpi1 w •• 

oomparatively more efficient than !.cracciYore as 8 Yector 

in giYing aaxiawa virus transaission. 

Another important obaer..tion .. de from the above 

results was that in the firet experiment to study the 

effeot of pr •• oquis1tion atarTation the differenoe in the 

effioacy between !.so"ypii snd !.cracciyora was in the 

order of 15.1 per cent While in the case of the subsequent 

experi •• nts to study the effeot of aoquisition feeding period, 

inooulation feeding period and the number of aphidl, the diffe­

rences in the efficacy of transmission were only 1.7, 1.7 and 

1.9 per oent respectiyely. 

In order to examine the possibility that the plant ssp 

of Wricidia maculata might contain Bome inhibitory 

principle which could have been responsible for the difference 

in transaission ability, addi tionsl experilllent. were carried 

out and the results are presented below. 

8. Detection of virus inhibitor in the plant eap of 

Gl,iricidia IlBculata 

YOUAg leayes of Gl,71cidla .aoul.ta and 1l&a! .ineneis 

were oruahed in a pe.tle and aortar separately ana sap 

extracted. !he inoculwa of potato virLlB Y (ohilli yirus 

i.olate, 0,0) wa. prepared by extraction of infectiye sap 

trom the young severel, infeoted leave.. Equal volQ.es ot 

the inoculua and sap extracted fro. the two plant. were 

alxeA in .eparate batches in one set. Equal VOlua8S of the 
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inocula and 1110, 1120, 1140. 1180 and 11100 dilutions of 

the plant leaf extraot. were mixed and .aoh eet was inoculated 

to 20 yowns healthy ohilli plants. The data is presented 

below in Tabl. 17. 

Table 17: Effeot of inhibitor in plant sap at different 
dilutions on virus transmission 

-------------
Glirioidia !aCulsta Vigns sinen!is 

Dilution at nant;-~;:- fl;~t;----% r~:-( Wster 
plant extract infected tion OYer infeoted tion over Control) 

out at 20 oontrol out of 20 control 

Undiluted 10 44.44 16 11.11 18 

1:10 13 13.33 15 15 

1:20 14 12.50 15 6.25 16 

1:40 15 6.25 16 16 

1:80 15 16 +6.61 15 

1:100 16 16 16 

The data indioated that there was inhibition of infeotion 

when Glirioidia !Boulsta plant extract was mixed with the 

inooulu. of potato virus Y up to 44.44 per oent oyer control. 

There was a gradual decrease in the effect of inhibi tion when 

the inocula wae mixed with equal quanti tl of the two fold 

dilution of the Gliric1dla maculata plant sap. 
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9. Effect of preaoguieltion feeding on Gljrioid1e maoulete 

!14 ~ 'inensis Py the aphid veotor. on the trenemi •• 1on 

ot potato virUl Y (i.olate 010 of ohilli .osaio virus) 

Th •• ffeot ot preacquisition f.eding of 

!.cr!Ccivora and !.go,srpii on Gljr10idia maoulats 

was tested as compared to similar feeding on ~ 

.in,S!i.. H.althy oolonies of !.oraccivora and 

A.go,sypii were oolleoted and 'tarved for two hour,. 

The veotors were fed on young lesves of Gljr10idis 

maoulata and Vigna sinensis for varying period, of 

5. 15. 30. 60 seoonds. 5. ;0 and 6C minutes in separate 

batoh,s. After the prsaoqui8ition feeding on these 

leaves, the aphids were allowed an aoquis1t10n feed of 

15 Rlnutes on young infected chilli leaf showing severe 

mosal0 symptoms in batohes. The viruliferous aphids 

were transferred to young healthy ohilli pIenta and 

allowed an inooulation f.eding of 4 hours after whioh 

the te.t plants were sprayed with parathion. 

fae plants were k.pt for observation inside the 

glaaabous.. Th. r.sults are pr.sent.d in Tsble 18. 



Table 181Etfect of preacquisition f.eding on Gljricidia 
maeulata and Vigna ein.nai. on the tran._is. on 
of the chillI virus isolate C10 (FYI) 

S. 
No. 

__ ~~hi! o;;;;l~;;-----lPW! ;;;;;;1 Period of ------_____________ _ 
pr.- G .... oulata V •• In.nsis G.maculata V.!1nenli8 

aoqui8Ition % reduo- % reduo- ~ reduc- ~ reduc-
feeding tloD. over tion over tion over tion over 

oontrol oontrol oontrol oontrol 
------------------------------------------

Control 56.67 60.0 

5 seconds 23.53 11.76 22.22 11.11 

2 15 seoonds 29.41 17.64 38.89 22.22 

3 30 second. 52.94 41.18 55.56 38.89 

4 One minute 64.71 47.06 72.22 55.56 

5 5 minutes 94.12 82.35 94.44 88.89 

6 30 minu.tes 100.00 100.00 100.00 100.00 

7 One hou.r 100.00 100.00 100.00 100.00 

the observationa presented in the table indicated the 

general infereno. that the ineresa. in preaequisition feed 

on Gljr1eldla aaoYlata as well as ~ s1nensis reduced the 

peroentage of suooe.sful tran.missions. However. there was 

al.o another I.poriant obaervation that the aphids fed on 

Gljrioidi' maoulate showed le •• nwab.r of suooe.sful 

tran,IIIi •• i Ollll than those fed on !iI!!!. sinensis. The peroentag4 

differenoe in tran.lIi.sion was low .t lower period. of 

preaoquisition f.ed and it increased gradually ur to 5 minute. 

o! pre.oqu.1.1tion feed. As the prescquisition feeding period 

wa. 1114r .... 4. the tran.a1 •• ion wa. reduced to nil. 



10. Effeot of po.t aoqui,ition feediSK on Gljricidia 

!&o91ata !!l !!ia! linen'i, by the aphid veotor. 

on the transmi.,ion of the potato virus Y (isolate 010 

of ohilli 108&10 VirU8) 

The effect of poet acquisition feeding of 

!.craccivora and !.Koe'lpii on Gljrioidia maculata 

was compared with that of feeding on Vigne sinenais. 

Healthy oolonies of both the speoies of aphids were 

collected. starved for two hours and allowed to feed 

on young infected chilli leaves for an acquisition feed 

of 15 minute. in batches. The Viruliferous aphids were 

transferred to lesve, of Gliricid1a maculate and 

Vigna .inenei, in batchee for post aoquisition feeding 

perIod, of 5, 15, ,0, 60 seoonds. 5. ,0 and 60 minutes. 

They were then picked up carefully and allowed an 

inoculation feeding period of 4 hour. on young ohilli 

te.t plants. The test plants were sprayed after this 

period with parathion and kept for ob.erY8tion in an 

in.ect proof gl88shouse. The result. are presented 

in Table 19. 



fable 191 Bttect ot post acquisition t.eding on Gl~lCldla 
lI&oulata and ligna sine~18 on the trans ssion 
ot chilli vir~ isolate 10 (PVY) 

-------------------------------
~PhiS oracciVora Aphi8 g088ypii 

Period at - reduction 'fo of reduction 
S. pn- over control over oontrol 
lfo. aoqUisi t1on---------- -----------_____ _ 

period Con- G. V. Con- G. V. 
trol maoulate sinensis trol maculate sinensis 

------------------------------------------

Control 53.33 56.67 

5 seconds 12.50 6.25 15.00 5.88 

2 15 seconds 50.00 12.25 31.00 16.00 

3 30 seconds 87.50 29.25 75.00 30.00 

4 One minu.te 87.50 40.00 81.00 41.00 

5 5 minutes 100.00 56.25 100.00 58.00 

6 30 minutes 10C.OO 100.00 100.GO 100.00 

7 One hour 100.00 100.0C 1CC.OO 100.00 

The results geve a general indication that the 

increase in post acquisition feeding time on Gljricidia 

maculate as well as Vigna sinensis reduced the number of 

succesBtul virus translllissions. Viruliferous aphids fed 

on Gljrlcidia macqlata always gave less number of virus 

transmissions than tho_ fed on Vigna .inen.is. The 

differenoe in transmis.ion between aphids fed on the two 

plant species increased as the period of post acquisition 

t •• ding time iner .... 4. At five minutes p.riod of post 

acquisition feed no lara. scale differeno.s oould b. 
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the virus atter 30 minutes of, post scquisition feed on 

gljrioidia and cowpea. 

11. Effect of preaogui.ltion fssting of Aphis cr.ecivcra 

from two different aourees of collection maintained 

on two difterent host plant speoies 

~.oraccivor! oolleoted from Gltricidia maculata 

and Vigna sinensis were maintained on same host plant 

51 

species or alternately on the other host plant. Batches 

of aphids were collected and fasted for periods of 15, 30, 

60, 120 and 240 minutes. They were then fed on young 

severely infected chilli leaves for 15 minutes of aoquisition 

teed. The viruliferous aphids were then released on healthy 

young chilli plants for 4 hours inoculation feed. The test 

plants were then sprayed with Parathion and kept for 

observation in the insect proof glasshouse. 

Fi~.~. 
The results are presented in Table 20g In all the 

cases the peroentage of transmission increased with the 

inorease in the preaoquisition fasting period. !.craocivora 

oollected trom I.sinensi. as well a. from Q.maoulata and 

maintained on I. sinensis always gave more percentage of 

suocessful virus transmissions than the aphids collected 

from i.maculata or those oollected trom X.sinensis but 

maintained on i.!!oulata. 

LIBRARY 
TNAU, Coimbatore - 3 

1111111111111111111111111111111111111 
000085401 



FLATE 7 



Plate1' Ouchterlony agar double diffusion iest 

Top - Isolates C1 and C2 wiih TMV antiserwa 

Bottom - Isolates C,f C4' C5 and C6 with 
PYX antiserwa 
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P. S.rological testa 

1(a}. Th. group I isolate. both 01 and 02 reaoted with 

the antiserum for tobaooo mo.aie virus reoeived fro. 

Microbiological Assooiatea, Inc. U.S.A., poaitiv.ly. 

The result. are lurn1ah.4 in fabl. 21. 

fabl.211 Tub. precipitin t.at I Reaction of ohilli virws 
isolate a of group I 

-------------------------,---------
Antiaerum for TMV from U.S.A. 

Sap bated Dilution of sap 
o 112 1:4 118 1:16 1132 1:64 

Healthy 

°1 isolate +++ +++ +++ +++ ++ + 

°2 isolate +++ +++ +++ +++ ++ + 

DrY (0111 bre ) +++ +++ +++ +++ +++ ++ 

Inteneitl of reaotion 

(b). OuohterloAl agar double diffusion test 

_.H.".' .. ' .. ~ ... '.," :Both the isolates of group I gave positive preoipitin 

linea similar to tobacco mosaic virus in the gel dlffllSloll "~ 

te.t. FIa.I:.o. 7. 

<,~"c.",,'" 2(a). !he p-ou.p II iaolates °3, C4 , 05 and 06 reacted 

with the antiseru. for PYX and gave positive precipitin 

test. The results are furnished b.low in fable 22. 



PLATE 8 



Plate i- Ouohterlon, agar double diffusion test 

Top Group III isolates 0, to 016 with PVI 
antiserl1ll 

Middle lett - Group III isolates 017 to 022 
with PVY antiserum 

Middle right - Group III isolates 023 and 
Trianthema mosaic Yirus isolate (TV) 

wi th PVY antiserum 

Botto. - Group 11 isolates 029 and 0'0 with 
.AMY anUserWll 



~aDle 221 Tube preoipitin teet: Reaotion ot chilli virus 
isolete. at group II with antiserum tor PYI 

--------------------------------------------------Dilution ot sap 
Sap t.sted 0 1:2 1:4 1:8 1116 1:32 1:64 

°3 +++ +++ +++ ++ + 

°4 +++ +++ ++ ++ + 

Os +++ +++ ++ + + 

C6 +++ +++ ++ + + 

Healthy sap 

PYX froa potato +++ +++ +++ ++ 

---------- -----------------------
+) 

++) Intensity of reaction 
+'1-+) 

(b). OuohterloJl.l agar double diffusion te.t 

All the four isolates exhibited precipitin line. 

wi th the PYX antisera. siailer to PYI from potato ."pI"'L" 7. 

,. Ouchterloqy gel double d1ff9!ion teat 

Group III ieolates totalling seventeen (C7 to 023) 

gave positive precipitin lines with the antiaerum for PVY. 

aealthl sap did not react with the antiserum.Place.b. 

4. Group IV isola tee did not give any positive reactIon 

with the anti.era for potato virus Y, cucumber mosaic virus 

ancl. alfalfa aOilaic virus in Ouohterlony gel double diffusion 

te.t ... 4 tube preoipitin teat. 
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5. Gro~p V i801ate8 also did not react ~ith the anti.era 

tor PVY, CMV and .AMY. 

6. iro~p 11 isolates 029 and 0'0 reaoted positively with 

the antiaerum for alfalfa mos8io Yir~ in O~ohterlonl gel 

do~ble diffusion .erological t •• t. Healthy 8ap did not react 

with the an"t1serWII. 'P1""l::e. 8. 

G. Reaotion of chilli varietiea and Capsio~m specie. to 

three chilli viru8e. 

Varieties of chilli (Capsicum annuum L. and Q.frut.sc.ns L. 

and Q.sinensis, Q.miorocarpon, £.pendulum, Q.peruvian~. and 

£.colwabianum nwabering 158 in all were screened for their 

reaction to three chilli viruses namely potato virus Y 

(PVY - isolate C10 ), oapsioum .osaic virus (CeMV - isolate C24 ) 

and alfalfa mosaic virus (AMY - isolate 0'0)' The result. 

are presented belo~ based on the type of reaction of the 

Tarieties. 

1. Varieti,s not infeeted by any of the Tiruses 

Oap8icIl.I annllY c. T. '685' 

2. Varieti •• thal were not inteoted by potato Tirlll Y 
bllt reacted with aild 'Yapto .. to Capsicllm !osaie 
yirUl and alfalfa mo •• ic T1r~s 

£.ann~!.!Il c.y. 'P11', oll8.r .... no and £.penduWII c.y. '8A90' 

3. Varieti., that reaeled with lild sYmptoms for all the 

t)lrte firy" 
.2,.!!!!!!!y c.v., 1I15A. 1I24A2, .iB2A. 1l89'. 02A, C15', 



020B, 081. '2' G,. HJ17-1-1. I.P.4'. 692. 69', 70'. 

728. 757. 760, 765,857, 962. 971, 1187, 1190, 

X"d-1-1-1-4 and £.oolwa)1&nya 1766. 

4. Varietie, that exhibited 111d Sl!ptoms for potato 
yirS' Y and oap.ioWB .0181C virus but ItTere Blmptoms 
yith alfalfa IOB.io yituS 

£.~ c.y. 'C~766 and C52A' 

5. Varieti,. not infeoted by potato virW! I. ,howing 
.eyere 'l'ptO., with oapsioum lo.aic viruB and mild 
symptoms to alfalta mos.ic virUJ 

£.~ o.v. 'F'4' 

6. Varieti •• that reacted with 111d ,xmptom, for potato 
viru, I apa altalfa .oaaio viru. and ,eTer, pympto!! 
with cap.lcum mo.aic Tirus 

Q.~ O.T., ~12', A125. A154, A47A, Ba6A, C1B, C22B, 

1264. AC49'9 Lincoln Bell, AC4943 hungarian Hot wax, 

£.peruyianu. 1749, £'l1orooarpon, £ •• In,nsi. 1491, 1554 

1555 and 1556 

7. Varieti., that exhibit.d 1114 'llptO!! to potato 
viru, Y but •• Y,r. "'ptOE! to oap.ioU! .08,io virus 
and alfalfa !C'Uo virUJ 

£.~ c.v. B29A, 562 and 618-14. 

8. 'ari.jie. that exhibited !!v.re 8Ymptoas to potato 
yiru. I 'PI aild ,YlptOas to ospaioum mosaic virul 
and altura '0,810 vify 

g.~ o.v. C56B, I.C.2474. 759. I.P.3 •• AC4938 Pi.ento 

A.C.4942 Anab.i. end g.peruv1'!u! 221 
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Dur1a& the 0011 .. tl .. at &killl Ylraa laf •• t.d plenta 

d the .Acr10ul taral. 0011", .upu tiel4., a t_ pluta cd 

fr1anth._ pC!rjgl ..... !:lII L. ,rowilll at a lud.Ill_4 we •• waa 

toad to a"'" alllpt .. of .oaaio .ottl1Jlg. !b. 1:at.ot" 

planta wer. ooll.ot.d and .tl1d1t4 iJa •• tail to .xama. the 

rolf pl&)"" 'til thia we.4 aa an al t.raat! hoat for UIJ OM 

of tht Ylru.a aft!OtiDg oM111 onp. 

Th. i:at.ct.d Trianthe. portl1lUlltt!.!l! planta wire 

normal in growth bl1t IXhibitld only alight chloroail of the 

llan ••• peo1ally at the 1li441. end .... 10 .. ttl1ag of tht 

l •• yea. 

(i) !nyPi .. 10n 

th. call.aal Yiru wa. tnumi ttM bl .. ohaaical 

iJaoclllatioD to ohilli planta, with difticulty. Sap .lttract.d 

with 0.5 p.r .. at a04.1u al1lpJaU. pY. onll 10 per o.nt 

1:at.otion 011. ohilli. Di. Tlra _ 81110 traulliUe4 fr_ 

oIlilli t. fri •• _ RortlllH"tna .., traau1.a1on wi til 

the aid of tht aphid Te.tor !U.1I. !D9pJ.m •• 

Di. Yira _ tran .. i tte. '117 AaU lO"n11 aa4 

ala. '117 IUY pni.a. troll &kill! t. tlUlll. the T1r .. 

• utlil" va. _iataiM« _ IIll1lU for tutiler .twll· 

D. r.m v cd •• Uutaill.l_ uperiua". ere pm •• "" 

Hlew 1a lalU .,. 
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Table 2' : Transai.sion te.t. vith friant' •• a portal,o'stEur 
yiru. 

----------------------------
Inooulation method l'eroeniage ot 

tran.ai •• ion 
-----------------
Mechanical transmission 

Aphis eracciYora 

Aphis gOBBlpi1 

.&!.!!l persiea, 

-------------
(ii) Studies on BY'pto.atologY 

'0 
43 

56 

60 

Inoubation 
period 

14 day. 

16 days 

16 day • 

14 day_ 

Tbe infeoted Cap.ieU! annuBa plante exhibited the 

folloving sy.ptoma. Fourteen days after inooulation newly 

for.ed leayea showed olearing of the yeins. SeYere m08,10 

.ottling of light ,Dd dark green areas developed leter. 

The lamina was orinkled and reduoed in size. Older leave. 

exhibited vein banding. I.eaye. were alformed and were 

reduced to varying degree.. !he lamina was oompletely 

reduoed in a few young leaves leaving a thin midrib. 

Triaathe,a portgla9&.tru! exhibited .osaic pattern and 

ohlorosis on artifioial inoculation s1ailar to the symptoms 

on naturally infected plant •• 

(iii) Host range and sYmpto!! on v8rio~. host ,plant. 

fbe TIiantheme virua ieolat. induoed the following 

syapto .. on di~ter~nt host plants t •• ted.VI~e·9. 

!Aeolian. taba,,,, 'Jar. lOU te .lvlel l 

Infeoted plant. exhibited ohlQrc.i. o~ the 1 eave a 



1I11d aosaic aottlill,g and ,..in bandill,g 14 day8 atter 

inooltiation. 

I. ta'bsc!lll nr. xanthi: 

5!l 

Clearing of the Yeins was the first symptom obser.ed 

10 days after inoo~lation. The leaye. were slightly reduoed 

in size and showed mosaio mottling. 

!.ahtino,a: 

Newly e .. rging leayes exhibited chlor08i. and m08aio 

Ilottling. The leaY88 were slightly deformed with 1'8duo1i1oll 

in size ot the lall1na. 

!.glauoa: 

Jewly emerging leaye8 exhibited aild mosaic mottling 

8yaptoas aDd yein banding. 

!.rustios: 

The Yiru. ind~oed ohlorosis and .eyere mosaic mott11ng. 

The infeoted plant. were slightly Bt~ted. 

Cap.ious trute.oen, yar. tabatoo and Tar. iuooatum: 

fhe infected plant. exhibited .eyere m088io mottling 

and orinkling at the leaTe.. The le.Ye. also showed Yein 

banding. 

Solana deaif!a x !. iybero.u HyDrid '.16' 

Detached 1.a.e •• eyeloped browa local lesiOn. 5 days 

at"er iJlOIiDatioA in a aoi8t ch_bel' at 22·0, 
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lieandra Phl'!loide. 

Infeot,d plant. were Y,r1 .~oh reduo.d in 'ia. and 

.tunted. L,ay •• were severely crinkled and .howed aever. 

Ilosaic psttern. 

Phl.ali, tl0ridana 

Leaves exhibited chI orosi. and aiId mosaio mottling. 

PetUD.ia hybrida 

Leaves yere crinkl,d and .lightly reduoed in size. 

Mild mosaio mottling and vein banding yere exhibited b1 the 

leave •. 

The following plants were not infected b1 the virus 

i.olate. 

~ ,traaoniwn, !1.U1!l, !1.ferox, Lycoper.ioon 

esc~ent~Il, ~hlsalls peruviana, Chenopodium amgrantlo01or, 

Q.llurale, Q.alb!l!ll. ~ha.eoll!f "~&ari', MsdicMP .atin, 

Tri.fol1~m rep.ne, Vioia faba, ~ elegana, GO'Phrena 

globo •• , C~0Ql18 ,st1vS'. Solanyt .,longena, !1&D! .ineAlie, 

Pha"ol~. ~, ~.a!!!!&2' .tt.!..!Y! "ttvp. Oajany cBjan. 

Cxuoui! PlUIlo!"" LathlrW! o4oratq, Dol1qho. ~ !!.2. 

Glyoine 2!!, Gllr10141! .aogleta. Crotalaria ~. 

!tll101U! alba, 212l£ ari,tinWl. gllto£l. le;nata. !!i! 

vulgaris, Plavarla tUltr.la.lea, Oarth!.u. tlnotorius. 

lIry.ioa i.!m2!A. OuogrbUa l1!l!.2., I.,owran .. ouleatum, 

Oo ... 11n. :1aoob11 alld Vino. !:11!£. 
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(iv) St~4ies on the physioal properties ot the vlrup isolate 

Physical properties namely, the thermal inactivation 

pOint. the dilution end point end the longevity !a !!l£2 of 

the vlr~' iBolete were atudied with ohilli aa the teat plant. 

The results are presented in Table 24. 

Tabls 24 : Physical properties of the frianthema virus i801ate 

--------------,----------
Thermal inectiYa­

tion point Dilution end point Longevity ~ ~ 

Tempe- .uaber of Nuber of A,ie of Number of 
plants Dilution plents plants rat\U"8 infected infected the sap infected -----

Control Conirol Control 
(untreated) 25/30 (undiluted) 23/30 (fresh esr) 8/10 

50 0 e 

55"C 

60°C 

65°C 

70°C 

75·0 

18/30 1 :10 18/30 6 hr 

8/30 1 : 100 15/30 ahr 

3/30 1 :1000 6/30 12 hr 

0/30 1:10000 2/30 24 hr 

0/30 1 :ao.ooo 0/30 48 hr 

0/30 1:100,000 0/30 72 hr 
96 hr 

.Iuaerator - .Iuaber of plant. infeoted 

Denomenator - Juaber of plante inoculated 

5/10 

4/10 

3/10 

1/10 

1/10 
0/10 
0/10 

(.) Ther .. l inactivation point: The isolete withstood 

exposure to 60°0 but was inaotivated at 65·0 for 10 ainutss 

(b) DilMtioB .nd poi»t: Th. isolate waa infective 

at a dilution of 1110,000 but not at 1120,000. 



(c) LongeTi1l iA ~I The Yirus had a longeyity 

~ ~ of 48 hours at 26°_28°~. 

(y) Serological test. 

Ouchterlony gel double di!!u.ion t •• t 

Trianthema Yirua i.olate gaTe pOlitiT' precipitin 

line with the antiserum for potato yirua Y. Healthy aap 

did not react with the antilerum.~la~e.8. 



DISCUSSIOJ 

1. Id.ntification of chilli ,o'lie !1tUl i.ola; •• 

fhirty ohilli ao.aie yiru. i.olete. y.r •• tudi.d. 

fh •• e i.olate. could b. differentiai.d into 8ix .. jor group! 

baaed on ".ptoaatolog" aode of tranemiaaion, specifio 

r.actions on certain dlfferential ho.tl. phllioel properties 

and .erological relationship., 

Six of the Yirus isolate, ,.riall, numbered froa C, to 

06 were not transmitted by anJ of the aphid Yeeton. Though 

all the.e six isolates had a dilution end point above 1 in 

100,000 tbey could be elas,ified into two groups baled on the 

thermal inactivation pOint. The isolate, 01 and 02 had a 

thermal inaotivation point between 85 aDd 90·0, while the 

isolates 03' 04' 05 and 06 had a thermal inaotiYation point 

between 65 and 70·C. Differenc.a also exiated betweell the 

two groups referred a. group I and II re.pectiyel, in the 

.ucoeeding paragraph. in their reaotion Oll difterent ho.t 

planta and .ero10g1c81 r.l,tionehip •• 

lineteen of the virus i.olat •• 07 to 025 were 

tranamitted by .ap inooulation .nd by the aphid Yector. 

namall, .!WI. Ijo.upii, !.oracoiyora, !.I'fonlB!l1 and 

~ p.r.i08e. fbe 1801at •• 024 end 025 were transmitted 

)J !.!!.Iti! also. !here were differenoea amoq the. regardiq 

apeoifio hoat re.eiiona, pbJsioal properile. and a.ro10,10a1 

relat1onehipa. !hree ilo1ate. °26 , 027 and 028 were 



tran.a1tt.d bl .ap .. well .. .., the aphid vector. na •• l" 

!.cosSlpii and ~ perllea. DQt not Dl !.or.oclvora, 

A.nanl and A.nonnl!. 

Ea •• d on the dlff.r.no •• fQrther 24 virus 1.01at •• 
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are di.cussed below as grOQP III (C7 to C2, ,event •• n 

iBolates), grOQP IV (lBoletee C24 and C25 ), group V (ieolet.e 

C26 , C27 and 028) and group VI (i.olate. 029 and 0)0)' 

fbe isolst.s in group I (C, and 02) w.re oharecteriled 

by chlorosis of th. l.sf, mOBaio aottlin~ and crinkling of 

the l.aves. Th. infected plants were less bushy than normal. 

Both the isolstes had an acute and chronic pha.e of the 

di.e'Be when inoc~ated to chilli plant.. During the acut. 

phaB., diftuse yellow chlorotic sPOtB appear.d on the inoculate 

leav •• whiah lat.r ab.oi.sed. The ahronic pha.e showed ao.aic 

sottling ot the leaves and the plants were Btunted. .ecrotic 

patohes appeared on the petiole and stem, killing the plants 

in .evere ca.es. theBe isolates caUBed characteristic looal 

neorotio lesiona on inoculated leave. ot Niootiana tabacU! var 

xanthi. !.dlltino,a, !.rt.lstioa, ~ .tramoniU!. !! • .!!!l!!l, 

!!.t,rox. Capsioum t£uteso!ns var. taba'Oo and £.trut,.oene 

Tar. buceetM. £.p1crocarpon was not infeoted. Local leaion. 

were alao prodllced on Chenopodiy a.arantioolor, £.surale and 

£.alby. Twentlone plant speoi •• belonging to Legualnosae 

and dght epeoie. belonging to CUoQrbltae ... were net illf.et" 

lIoth the isolate. were iDfeoUve at a dilution of , :'00,000. 



The lOD&evi~7 !! Y1~ro wa. over }048Y. at rooa ~e.per.tur. 

(26--28°0) and over 100 day, a~ 5·C. 

RaaakriahDan (1961) had reviewed the li~ereture on 
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YirllJl di.ell8es of pepper 'tIberein 17 d1fferent virl.llJe. were 

reported to ocour na~urally on pepper. Among the.e the only 

virua repo~ed to be sap transmissible and had no vectors was 

tobaoco mo,aio virus, which is an i.po~ant virua in!eotiDg 

ohilli nex~ only to ououmber mosaic virus. Kovachevaky (1942) 

had described the symptoD18 caused by this virua in detail. 

The disease waa oharbcterised b7 an aoute and a chronic pha ••• 

During the acute phsse growth ceased in 6-7 days. Leave. 

turned yellow along the veins, became necrotic and fell cft. 

Stems alao became necrotic and deatroyed the plants. In the 

chronio pha.e the plants grew ,lowly and the leaves appeared 

bleached with a taint a08aic pattern. Hola •• (19}7) repo~ed 

tour types of SYMptoms namell (a) sYB~ea1c chlorosis (b) local 

leaiona on leavea and abBoi'Bion (c) 4elayed necrosis with a 

syatemio disease and (d) ayate~c necrosis and ate. streaking 

resulting in the <ieath ot the plant. 

Iakata and Tak1.o~o (1940) deBcribed 8 ring strain 

callsing large, bright yellow .ottling on the le8ves. It had 

a dilution end point of 1:1,000,000 and a thermal inaotivation 

point of 90·C. !l!!:!!.!?£ tabaCi Bol ... Yar. Sleeans 

described b7 Doolittle sad Beacher (1942) passed on to pepper 

causing sla:ptO" siailer to those oauBed by !PiT. !he ,,1ru. 

Ad a dillolUon end point eueeding 111,000,000 _d a thermal 
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ina.tiyatioD point between 90 and 95·0. Tomato atypical 

a08aio virus (lUller and rhomberry, 1958) had a dilutlon 

snd point of 10-8 siai1ar to TMV but was inaotiyated at 72·0. 

Thia virua alao infeoted pepper planta. Two strains of fMV 

on pepper in South Americe desoribed bl Jabela and DIlle 

Coste (1941) were inactiyated at 80·0. Seedbome straln 

of ~ described by McKinney (1952) had a dilution end point 

of 88 to 89·C. The 'I'MV strain sialler to latent strain of 

McIUnney described bl Greenle.f""At,964) had a thermal Inactiu­

tion point between 85 and 90·0 and caused aevere mottle of 

Capaiaw. frutese.n. var. tabatoo. Tomato streak virus, a 

atrain of ntlV is distinct in produeill8 local lesions on 

tobaoco plants. The lUb grass strain of THY had e therme.l 

inaativation point of 9;°0. 

The Yirua isolates of troup I (°1 and °2), now 

.tud1ed, were siallar to TMV in several respeeta. loth the 

i801atee ,ays po.itivs serological reaotion with 'I'MV 

antiserum in tube precipitin teat as well as Ouchter1ony 

agar double diftuaion t.at and ••• uoh were identified 8a 

stra.i.as of tobue •• osaio yirlUl Dut theT alght be considered 

.s distinct and ditterent fro. other strains ot TMV reported 

on chilli eO tar, sinoe the, 41ttered sharpl, both in their 

ph7eical properties aDd in their reaction on tobacoo or 

pepper in all respect •• 

The 1.01ate. in Group II na .. lz, 0;, °4, 05 and 06 

were characterise' bl chlorotic pale green patohe., aoa.lc 
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mottling ot leave., .tunting of the plant and reduoed truit aet. 

fhe fruit. were reduced in eize and orinkled with whitieh yellow 

marking. when green. The.e isolates oaused neorotio looal 

leeion. on Nicotian. ru.tie., Pftura .tr.monlU! and ~.!!!!1. 

PYX and it •• train. were reported to OBu.e mild mottling to 

extensive necrosis and ringepote on ~.atra.onlum. 111 the 

four i801ate •• tudied had induoed looal le.iona on Chenopodium 

amarantioolor and eystemio mosaiC mottling with orinkling, 

reduction ot lea! size and ,tUDting in £.~. GomphrenB 

Ilobo,a had reacted with typioal round reddieh necrotio looal 

le.iona. Cap.iaum !1orogarpon reaoted with necrotic local 

le.ions. £.trate.o.no var. tabaago and £.!rute,oen. var. 

guooetum reacted with symptoms eiailer to thoBe oaused by TMV. 

Aocording to literature. potato virus I and itB .trains 

are the sap inoculable viruses having no vector that intect 

chilli other than fMV. RamakrishDan (1959) and Paulu, !1 11. 
(1960) reported the natural ocourrence ot PVI on chilli. 

Acoording to RaaakrishAan (1959), "Calitornia Wonder" chilli 

plants infeoted with PYX were stunted with mosaic pattern and 

dark green vein banding on the leaves. The leaves were 

narrowed and reduced in sise. Sohult.!1 11. (1937). Roland 

(1950) and Chester (1936) have ob.er.ed aevere systemio 

necrosia on chilli by a latent potato atrain of PYX. David 

and Stormer (1941) de.oribed primar1 dark necrotic rings 

aDd .y8~emic Dleaohini. puokering with ocoa.ional neorosi. 

and death or apical portion. or the plaata. 
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!he ohilli yirue iaol.tes in group II 4iffer in their 

sy.ptom.tolOgJ desoribed aboye in 80 .. respeots. The iaolste. 

studied, ho~eyer, ga.e positi.e serologioal preoipitin reaotions 

with the antiserum for PYX both in tube preoipitin test and 

Ouchterlony agar double diffusion test. These i.olatea were 

idantified aa PYX. A8 the reaotion on Datura stramoniua and 

the aymptoms produced diftered from the one. reported tor 

other atrains, theae isolates tQTned Qut to be at • distinct 

strain. 

Se.enteen isolate. 07 to C23 in ,roup III were 

characterized b1 their oausing a general r.duotion in aize 

at the lea •• s of the chilli plant, .eTere mosaio mottling, 

crinkling, blistering, lea! maltormation and distortion, 

and twisting or tolding of leaf. Thre. of them C18, 021 and 

022 howeTer exhibited slightly aoderate type of a,mptoms 

oompared to the other 14 isolat.s. Vein banding was exhibited 

by all the isolatea. Fruits ~ere orinkled and reduoed in size 

Niootiana tabaoum reacted with vein banding ar-ptoms with 

theae isolates. The three apecies of Datura tested were not 

infeoted by ~ of these iaolatea. Potato hybrid A6 reacted 

with looal le.ion. only when inoculated with the.e iaolates, 

while the leguminous plants teated vere not susceptible. 

All the isolat.a te.ted reac~ed po.itiTel, with PVY antiserum 

in Ouchterlony acar double diffusion test with precipltin 

lin.a. lassd on th.se apecifi. oharaoteriati.s theae .eTente 

i.olates were theretor., identlfied .. strains of PVt. 
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Roq~e and Ad.~ar (1941) de.oribed a olearing ot the 

vein., Bystealc mottlina and vein banding in ohilli by the 

P~erto Ricsn pepper mosaic viru.. The leave. beoame wrinkled 

and the plant was stunted. Fruita were s .. ll in aile, mottled 

and badly distorted. Simona (1956) de.cribed a pepper vein 

banding mosaic viraa exhibiting chlorosis of leaves, vein 

banding and m08aic mottling with leaf distortion on chilli 

tro. Florida. Both the viru.ea were tound to have attlnitr 

to potato virus Y. Trinidad pepper vein banding virus 

(Vale, 1954, 1956) had very much siatlar physical properties 

and produced symptoms oomparable to that of the Florida virus. 

A potato virus Y atrain on ohilli de.cribed Dr Jayarsjan and 

Ramakrishnan (19611 had alao prOduced siatlar symptoms, 

besides exhibiting filiformity of leaves. 

The isolat.s studied in the pre.ent inve.tigationa 

produoed .ia1lar or comparable symptom. to tho.e de.orib.d 

above. They, however, differed from tho •• described by 

Kovaohevsky (1942), and David and Stormer (1941) for potato 

virus Y on ohilli in not produoing fleoking OD leaves. 

The PhYsioal properties of the virus isolates varied widely. 

The isolates C
7 

and Cs had • thermal Inactivation point 

between 55 and 60·C. a dilution end point between 1:100 and 

11500 and a longevity !a vitro of 2 days at room temperature 

(26°_28°C) olosely resembling the Puerto ~ pepper mosaic 

vir~s. and the PVY strain on chilli desoribed by JeY8rajan 

and Ra.akriahDan (1961). !he 180~at.s 09' C10, 011' C12 and 

o also had a thermal inaot1.ation polnt betw.en 55 and 60·0 l' 
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a dilQtion end point between 1:2000 and 115000 and a longevity 

~ vitro at 48 hOQra. Thea. isolates did not resemble any 

of the strains ot PVY reported on ohilli. The isolates C
14

, 

0,5' 0,6' 0'1' 019 and 020 had a thermal inaotivation point 

between 60 and 65°0, a dil~tion end point between 1:2000 and 

1:5000, a longevity ~ ~ of 4 daye. These ieolates 

resembled closely the Trinidad ohilli (pepper) mosaio Yir~s 

desoribed by Perg~son (1951). The isolates 0,8,°21 and 022 

exhibited milder .ymptoms than all the 14 other 1solstes 

tested 1n this groQP. The.e three isolates d1tfered from 

others in haying a high thermal inaotiyation point between 

65 and 70·0 althoQgh they closely rese.bled the 'erg~sonts 

Trinidad chilli mosaic vir~s in other characteristios. 

The iaolate 02' had a thermal inact1Yation point between 

60 and 65·0, a dil~tion end point between 1110,000 and 

1:20,000 and a longeVity ~!1!£2 ot 48 ho~. This ieolate 

resembled pepper Yein banding moaaic vi~ desoribed by 

SimoDs (1958) from 'lor1da ana the vein banding mosaic virQa 

described by Joshi and Bhargava (1962). 

The isolat .. in grOQP IV namely 024 and 025 were 

charaoteri.ed by aevere mosaic mottling, twisting and waviness 

at the lea! margin, orinkling, blister1Dc and aevere deforma­

tion of the leat leading to tiliformlty. Thes. isolste. 

differed fro. the potato yirws Y strains described in the 

previows group in not exhibiting Yela banding. The, were 

tranaaitte' by Aphi, gos81pii, !.oragolvora. !.eY0Al!1i, 

! • .!Wi1 and !!U!al U rsio". llnm 'traJoA1. u4 11· .. tel 



were infected with systemic mos&1c mottlin&. chlorosis. 

filiforalty of lesv •• and .tunting of the plant. fotato 
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hybrid A6 • l'b,yeeli. perl1viana and 1.AoddlJ1l wen not infected. 

~ elegant and Cl1oW!i' .at1vl1' were 1nfeoted with mo •• io 

mottling. ~e.e isolates have not reaoted with the antiseru. 

for potato virl1s Y, alfalfa mosaic virl1' or ououmber mosaio 

virl18. Eoth the isolate a differed from Indian ohilli mo,eio 

Virus (Jhe and Rayohaudhl1ri. 1956) in having a higher thermal 

inaotivation point of 60 0 -65·C, a lower dilution end pOint of 

1:10,000 to 1:20,000 and longevity ~ Vit&o of 4 deys. A 

mosaic virus causing necrosis on chillies de.cribed b~ 

¥dshra (1963) was also different from these two isolate. in 

symptomatology, ho.t range and physioel properties. Sinoe 

these two isolates differed from the viruses reported on 

chilli. they were recognised •• new viruses and designated 

8S Capsicum mosaic virl1 •• 

Xhe isolates in group V namely, °26 , 027 and 028 were 

oharacterized by ohlorolis of the leave. mossic mottling. vein 

banding and nagging of the lea.,... The leaf lamina _ • 

• lightl, reduoed with wav1 aargins. Older leave. exhibited 

neoro.i. at the base followed b, leaf fall. Inteoted tobaooo 

plant. showed neorotic areas bordering the vein •• imilar to 

etching. Tabs.oo ohilli ,eedlings .howed s,mptoas of wilt 

on inooulation. Datura .tra!9ni9.ll reaoted with levere 

aotiling, 4i.torilen of leav.s and flliforatt7. Physali' 

peruviana and !.floridant reacted with chlorotic .ottle. 

dwarfing of the plant and apinalltl. The.e 110lat •• hed a 



ther .. l inaotivation point between 55 and 60·C, • dilution 

_nil. pOint between 1: 100 ana , 150C and a 10!l8eyi ty !!l .!UI.2 ot 

24 hours. Serologically they were not related to potato 

Yir~s Y, alfalfa E08aic virus or cucwaber mosaio yiru.. They 

did not resemble any of the other yirwaee reported on ohilli 

exoept tobacco etch yirue in causing .toh like aymptoma on 

tobacoo, neorosis and defoliation of ohilli leave. (described 

by Laird J1 !l., 1964), wiltiD8 in £.trutesp.p! Yar. taba.oo 

(described by Greenleaf, 1953) and phy.ioal properties very 

similar to etoh yirue. The.e iaolatea did not infeot the 

£.~ c.Y. P 11. Cook and Andereon (1959) reported thia 

variety to be tolerant to fiye atrains of T~~ and reaiatant 

to two other atrains. 

n.e wo virue isolatae C29 and C:50 of group VI exhibite 

mosaic mottling and vein bandiD8 of infeoted leave. with 

chlorotic rings and oak leaf pattern. Though no .. lformation 

wal oblerved, the leaf blades were alit~tly elongated. Pruitf 

for_d on the infected plants were pale and crinkled. Infect4 

tobacco plants eXhibited oak leaf patterns. The isolatee 

infected Medicaio sat!y! and Trifoliya ~ oaueins mosaio 

mottling of lea"e.. Local leeiona were induced on fhae.olue 

vullari. and Vicia taba. Streaks developed on the .t •• ot 

I.feba killi!18 the plant. subsequently. The therlllJ. inactin 

tioD point ot the i.olatea va. between 60 and §5·C, the 

41lution end point .. a between 112000 and 115000 anll. the 

longevity iA!1!£2 vaa 48 hour.. Both the i.olate. reacted 
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p08itively with the antiaerum for alfalfa m08aio virus in 

Ouchterlon, agar double diffusion teat. fbey were therefore, 

identified as strains or alfalfa mosaio virus. 

The symptoms de.oribed, however, differed from tho.e 

described bl Quantz (1956) and Kovachevskl (1942) in not 

exhibiting bright yello~ green streaks and fleoks. Both 

the isolates differed from the potato calioo strain and 

tuber necrosis strain in the thermal inactivation paint and 

in not oausing looal neorotio lesione on inoculated leaves. 

fhough the isolates C29 and 030 were si.tlar in their thermal 

inactiVation point to the Idaho altalfa mo.aio virus strain 

(Zawaeyer. 1963,) and vein necrosis strain (Zaumeyer and 

Patino, 1960), yet thel oould be differentiated on the besis 

of host reaotion in that they did not infect 11&e! sinenei. 

a. the latter two strains did. ~ ,tramoniua was reported 

to be resistant to the Idaho isolate, while Gomphrena globosa 

was affeoted with looal lesiona to vein neorosis strain. 

Altalfa yellow spot strain of Zaumeler (196a_> differed in 

infeoting y.sinensis systemioall,. Tobacco strain of AMY 

described by Silber and Reggestad (1965) differed in physical 

properties and reaction with Y.sinen,is. The isolates studied 

DOW resembled the pepper strain (Berkley, 1947) in .1mptomato-

10&1 and thermal inactivation point clo.e1y, but differed in 

not infecting oucUDber. The.e isolates were identified 88 

~ strain 010se11 resembling the pepper strain !!£12[ 

.. 4iO •• in1• Holmes Vir. oap.ici. Berkelel. 



2. Reaotion of chilli !arieti,. 10 1Ar" Ilrus •• o00urtiA& 

on 0hilli 
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From the above re.Blta and disou.eion it was 'Vid.nt 

that tobeoco mosaio virss, potato virus X, potato virus Y, 

tobacco etch viru8, oap.icBE aosaio viru8 and alfalfa a08aio 

virU8 ooourred on chillies in reall Nadu. Among th •• e, the 

tobacoo mosaiC Virus and potato virus X w.re oonfined to 

oertain pookets in ~oimbator. district. Tobaooo etoh Virus 

was oolleot.d from parts of COimb&tore and Tiruohirappalli 

distriots. Alfalfa m08aio virus was oolleot.d from 

Tiruchirappalli and Tirunelveli districts. These viruses were 

limited in their distribution and the symptoms caused on 

chilli plant. w.re less s.vere than those caused by potsto 

Virus Y and capsioum mosaic virus. These virus.s were not 

considered to cause aevere crop loss.s. 

The studies on the r.aotion of ohilli varieties and 

0apsiou~ speoies to ths widely distribut.d potato virus Y 

oapsioum mosaio virus and alfalfa .osaic virus indicated that 

the c.v. Capaicum annuua '685' was not inf.ot.d by any of 

the three virus.s. A strain of CapaioW! annuwa 'P11' and a 

Mexican hot pepper 'Cuartsmeno' w.re not inf.ot.d by potato 

virus Y and r.acted with mild sJaptoma to oapsicum mosal0 

virus and alfalfa moaaic virus. Ramakrisbnan!1!!. (1966) 

had studied the r.action of chilli (Capsicy_ spp.) cultivara 

to tobacco mOlalc virus and found that the strain £.annu!I 

'P11' to be resistant to it. Cook and Anderson (1959) also 
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reported that the strain of Capsicum alU'lUIIII '111' had shOWJl 

multiple virus resistance to tobacco mosaic virus, tobacoo 

etch virus and potato virus Y. Roque and Adsuar (1941) 

found the Mexican hot pepper 'Cuareemeno' to be reeistant to 

the Puerto Rican pepper mosaic virus. Riollano!!!!. (1948) 

had brad a .train of pepper, resistant to the di •• aa. bl 

crossing 'California wonder' with 'Ouaresmeno'. The CaplicU! 

annuU! var. 'P'4' was not infected bl potato virus Y though 

it reacted with mild symptoms to alfalfa mosaiC virus and with 

severe disease to capsiCum mosaic virus. These varieties 

mentioned above could, therefore, be utilized to develop 

tolerance or resistance to the three viruses studied in the 

present instanoe. 

Capsicum pendulum Wild., c. v. 'SA 90' W88 not infeoted 

by potato virus Y and reacted with only mild symptoms to capsiew 

mosaic virus and alfalfa mosaio virus. But £. pendulum had 

been reported by Lippert et al. (1966) to be incompatible with 

£.~ for h1bridization and might be of no utility in 

breeding for tolerance or resistance to virus dieeases. 

Twenty six of the v)rieties tested reaoted only with mild 

symptOM to all the three viruses. Two cultivars "CA766· enA 

'C52A' of £.annuy reacted with mild s,1IIptoms to : VY and OsMV. 

Hence these cultivars also could be u.ed in breeding for 

tolerance to the virlllle •• 
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Rest of the 125 Varieti .. exhibited .evere eympto .. 

to either PYI or CaMY or all the three virUBe. leading to 

eoonomio losse •• 

3. Souroe. at inoculWB tor the potato viruse. I and Y 

occurring on ohilli 

Among the .ix viruses reported tobacco mosaio viru., 

tobacco etch Virus, alfalta mosaic virus and capsicum mO.8io 

virus may have alternate hosts in the weeds or other 

cultivated orops which could be the souroe at inooulwa tor 

the spread of the.e viruses to chilli fields. Potato is 8 

temperate orop grown only in ~ilgiris diatrict (altitude 

1800 to 2600 above •••• 1.) about 80 Km away tro. Coimbatore 

district where PYX on chilli is prevalent. Potato virus T 

is found wide.pread in other district. also. As such it 

is not clear as to how the potato viruses PYX and Pyy 8re 

found in the plains away froll the main source of these viru.s •• 

Probably the potato tubers transported for consumption fro. 

the Nilgiris carry PVX and finds its way into the chilli 

lie1ds a. a oontaminant. However, Aphid migration was 

oonsidered unlikely in the present oase and thel'e are no 

reports that such migrations ooour here. Johnson (1957) 
e.y 

had however, reported on the disp_sal by upper winds of 
y 

Aphis cracoivora in South wales. Acoording to Caster (1962) 

"this would aprear to be a s1 tuation fnourable for the 

transa1sBion vi persistent viruaes, but not of the non­

persistent •• Henoe the nature of spread of potato virus T 
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on a large scale on the chilli crop in the plaina re .. ined 

obscure. Probably the virus had other solanaoeous hosts like 

SOlanum wendlandi! Hook. and ~.~ through whioh they 

found their way to the plains. 

Sakimura (1953) considered Solang! Bodl!lorum. Desv. 

as a major souroe of inoculum under natural oondition for the 

spread of potato virus Y into chilli and toaato On the island 

or Oahu (Hawaii). Simona (1956, 1957) reported that 

~.elaaagnifolium Cav. and ~.gracile Sendt. harboured vein 

banding virus of chilli. a strein of potato virua Y. 

Solanum aculeatissimum Jaoq. was found to harbour viruses 

causing damage to the ohilli crop in oentral Florida (Anon, 

1957). Anderson and Corbett (1957) and Anderson (1959) 

reported severe damage to ohilli plants in the proximity of 

weed hosts and they isolated a strain of potato virus Y from 

Solanum ~ L., ~.gracile. and PhYsalis an«u1ata, L. 

Simona (1959) reported that the chilli virua (PVl) overwinters 

on ~.gracll!. 

In the present study, Trianthema portulecestrum a 

coamon weed found in most of chilli flelds was also found to 

show sy.pto .. of mosaio. The virus iBolated fro. infected 

plants of this BJedeB was identified as PVY. The virus was 

transmitted to chi1.1.1. '\I} ~ 9];liI.oo\V01:1i1. 8110. ~.lt.o.up1.1.. 

Tni.. "" •• 6. oo\ll..~ a • ..... 1.1. 'lIlLv ••• T"I"''' ........ o~o ... f. 1:n.o .. \ll..\l. ... 

for the apread of PTY to ohilli crop. 



4. Relation'hip of chilli vir~,e, to their aphid veotor. 

From the res~t, obtained in the st~d1 of Vector-virga 

relationships of potato vir~. Y, osp'io~m mosaio vir~s and 

alfalfa mossio vir~s the following conol~aiona oo~d be drawn. 

Increa.e in the period of preacq~isition fa.ting waa 

fo~d to increa.e the effioienoy of the vector. Pre6cq~iai­

tion fsating periods exceeding the optiaum had reduoed the 

vector efficiency. ~fficienoy of the vector increased with 

the inc rea •• in the scq~sition feeding period ~pto an optimum 

and declined on further feeding. The vector efficiency had 

incressad with the increase in inoo~uation feeding upto an 

opti.~m and tended to decline with further inorease in 

inoculation feeding. Increase in the n~mber of viruliferous 

inooulating aphids inoreas.d the percentage of transm1aeion 

upto an optimum. The.e res~lts wtre in agreement with thoe. 

of many workers (Watson 19}6, 1938; Watson and Roberts, 1939, 

1940; Sylvester, 1954; Day and Irz1kiewics, 1954; Bbargsva, 

1951; ]radley, 1952). Persiatence of the virus in the vectors 

waa longer during fasting than fe.ding. rhis had oorroborated 

earlier observations on o~cumber mosaio virus (Loolittle and 

walker, 1928; Bhargava, 1951), potato virus Y (Smith, 19311 

Wataon and Robert., 1940), pea m08aio virus (O.born, 1937), 

Henbane moaaio virus (Wataon, 1938, Wat.on BIld li.oberta, 1940), 

and lettu.o. mosaic virus (la ... nl., 1947). fAe res~ta 

obtmlnad had shown that the thr.e viru ••• potato virus Y, 

oap.icua .08aiO virus and alfalfa aoasi. virus on chilli 

.tu41ed now were transmitted in a non-persistent aanner. 



Many workers st~died the meohanism of transmission of 

non-persistent vir~ses Hoggan (1931, 19'3, 19'4), Watson 

(1936, 19'8), Watson and Nixon (1953), Sylvester (1949, 1950, 

1952, 1954, 1961) and Day and Irzykiewioz (1954). They put 

forward many theories regarding the meohanism of transmission 

of non-persistent viruses by arhid veotors. Carter (1962), 

Roohow (1963) and Smith (1965) had reoently reviewed the 

mechanism of transmission of plant vir~ee by aphid vectors. 

The vir~s was oarried aB a contaminant on the Btylet. of 

aphids according to the "mechanical transmi.sion hypoth.eiB" 

of Hoggan (19'3). Watson and her co-workers B~ggested the 

·Inactivator-behavio~-theory" explaining the 10BB of 

infectivity to be d~e to the activity of a BubstaIDe produoed 

by the aphids d~ing feeding and was not due to the meohanioal 

cleanBing of the stylets during succeBBive probingB. Day end 

Irzykiewioz (1954) oame up with the "meohanical - inaotivetor -

behaviour" hypothesis. This hypothesis postulated the oonta­

mination of the stylets by the virus d~ing feeding and 

selective inaotivation of the vir~ on the styleta by fasting 

labile oomponents of t~e saliva. van der want (1954) laid 

emphasia on s~faoe differenoes of the stylets of variOUB 

aphid speoies in hi. "meohanioal - .~faoe - adherenoe" 

hypothesis and the speoifioity waB explained to be dQe to 

the differential absorption to and elution of the viras, 

from the Bt,lets. van Hoof (1957) ehowed with the help of 

low power electroa-miorographs, .urtace ditterence. like 

pocket. and ridge., on Bt,let. ot 41fterent aphid., whioh 



might serTe for the adherence of the virus. Aooording to the 

"mechaniaal-inaotivetor-colllpatibl11t,· hfpotheala propoaed bl 

Sylvester (1954), oompatibility of the cambination of the virus, 

saliva, and host oell inooulated decided the specificity in 

infection. The advanoe of styleta waa aasooiated with the 

secretion of aaliva that formed a aheath in so .. penetrations 

as reported by Syl,veeter (1961). However, the function of the 

saliverl sheath had not been detailed. Adams and McAllan 

(1956) had shown the enzymatic activity of the saliva. 

However, information on the role played by such an enzyae in 

penetration of plant oells by the stylet of the aphid had not 

been studied. Information on the effeot of salivary seore­

tions on the mechanism of transmission hed also been lacking. 

Inhibi tory effect of the saliva of I'eriplanata americana L. 

and Nazara viridula L. on tobacco mosaic virus was reported 

by Day and Irzykiewicz (1954). Nagarajan (1967) showe~ all 

aFhids to ~ta1n salivary inaotivator, and the quantity 

varied from species to species. He correlated the efffefencl 

of transmission to be inversely proportional to the quantfty 

of the inhibitor seoreted. 

Much emphasiS had been plaoed bl uny workers on the 

inhibitor theory. This theor,J emphasised that the viru .. s 

were inactivated on the aphid st11ets by the aaliverl fluid •• 

The viruse. the .. elves differ in their reaction to these 

inh1bitor •• Differed species of aphids n%'J in their 

oapability of produotioD of the inhibitor. 
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Siaons and Mos. (1963) had shown thst stylet treat~nt 

an inhibitor froa A,on1BP arboreW! Webb and Benth. or with 

• ~ea signifioantly redQced PVY infeotiYity. Tr.et.ent of 

Aid stylet. with the jQice of !.arboreQa reduced their abIlity 

.0 acqQire yirus to about half the leyel for aphids treat.d 

with water. Their work 1s belieYed to be the fir.t of it. kind 

to show thst an inhibitor is inyolYed in a n8t~al mechanis. 

of resistance to aphid transmission of yirus in plant. and 

offers the first eyidenoe that such inhibitory substance oen 

reduoe aphid transmission. 

Jansen and Staple. (1970) reported the effect of soya­

beans as SOQrce or test plants on veotor efficiency and 

retention of infectiyity of the bean leaf-beetle and the 

spotted cuoumber beetle. The yeotor effioienoy of Cerato .. 

trifQfoata (Forst.) and Diabrotica und,oimpunotala Howarii 

(Barber) were significantly reduoed in the transmission of 

the severe strain of oowpea .oaeic virQs on Boyabean test 

plant •• The retention of infectivity of the bean leaf-beetle 

was reduced when soyabean was Qsed as the yirQa source plant. 

The possibility of the Boyabeen plants oontaining an inhibitor 

which intertered with the infeotion proce •• or whioh inhibited 

the virus in the beetle. had been sugge.ted by these author •• 

In the pre.ent instance the vectors ~ cracc!vora 

oollected froa Gllrloidia maoula'. were le8s effioient than 

tho.e colle.t.d fro. ~ .inensi.. Extraot. of lea ••• of 

...f,Mllrlld' JJJIJJ);J1ItI IlN ,irlll iJJ M,lJII/IJC8] tnJJIlli6l1ifJJJ. 



With the increase in the dilution of the sap of i.maculet. the 

inhibitory effect tended to reduce. With the increase in pre­

acquisition feeding on ~.aaculat. the percentage of transmission 

was reduoed muoh more compared to feeding on y.sinensis. 

Similarly post aoquisition feeding also reduced efficiency of 

transmission to a much higher rate in oase of i'!8culata. 

The effeot of the inhibitory substance was reduced with the 

increase in preacquisition fasting period. !.oraooivora from 

i.maculata maintained on cowpea and !.oraccivor, oolleoted trom 

cowpea vere more effiCient giving a much higher peroentage of 

virus transmission than the aphids collected trom oowpea 

maintained on Gliricidia or aphids collected direct from 

Gliricidia. 

From the results obtained in the study of veotor-virus 

relationships of the potato virus Y, the author is also of the 

same opinion that the virus transmission ability of the aphid 

veotors depends on the source rlant of the veotor. The 

inhibitory substance present in the source plant has,therefore, 

a bearing on the efficienoy of the aphid vector in virus 

transmission. 



SUMMARY 

1. A surTey of ohilli crops in different parts of 

Tamil Nadu indioated the prevalence of mosaio d1sease. The 

disease inoidence varied from 4 to 75 per cent in different 

localities. 

2. Thirty virus isolates were collected from chilli 

crop in different parts of the State and studied in detail. 

The identity of these virus isolates was established by 

studying their symptomatology, transmission, physioal 

properties, host range and serological behaviour. 

3. Two of the virus isolates were identified BS tobacco 
./ 

mosaic virus. Mosaic disease oBused by TMV was found in a 

confined pocket in Coimbatore district. Four virus isolates 

were identified as potato virus x. The virus was confined to 

two localities namely, rollachi snd Ehavanissgsr in Coimbatore 

district. Seventeen virus isolates were identified 88 potato 

virus Y. This virus was found to be widespread in 10 districts. 

Two isolates collected from Ooimbatore district and one isolate 

oollected tro. Tiruchirappalli dietrict were identified ss 

tobacoo etch virus. Two isolatee identified as alfalfa .oe&10 

virus occurred in one looality in each of firuchirappalli and 

Tirunelveli districts. All these viruses were also reported 

to ooour on chilli in difterent parts ot the world. fwo 

isolate. now collected and etudied in detail, howe.er, differed 

fro. all the mo'WD. viruee. that vere reported cn ohilli. '!'he .. 
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were identified for the first ti.e and designated a8 oarsioam 

lIosaic virl1S (CaMV). 

4. The virl1s-veotor relationships were investigated in 

the case of potato virl1s Y, capsicQII 1I0ssio virl18 and alfalfa 

mosaic Virl18 and their vectors Aphis gosslpii snd !.c:.;'scch·oX'!. 

The Virl18eS were fOl1Dd to be transmitted in e non-per8istent 

manner. 

5. The vector !PAl! gos8ypii was able to transmit ell 

the three viruses mentioned above without any preacql11s1tion 

fasting, but with low efficiency. Preacql11sition fasting 

increased the efficiency of traneaission upto an optimua 

period of 2 hours for PYI and CaMV and 4 hours for AMY. 

I'reaoql11si tioll fasting was fOl1Dd essential for the 

transmission of PYI and CaMY by Aphis craooivore. !.goeaxpl1 

becaae virl11iferol1s in 5 seconds of aoqllisitlon feeding in 

the case of PYI and AMY. Fifteen seconds was required to 

acqllire CaMV. !.craccivora required 15 seconds tc acquire 

all these three virl1ses. 

The percentage of transmission iacressed with the 

increase in the scqllisition feeding period I1pto an optiml1ll 

and tended to reduce with fllrther increase in the aoquisition 

feeding period. Both Aphis go.slpii and !.craccivora were 

fOl1Dd to transll1 t the thrae viruse. PYI, OaMY and AMY in an 

inocl1lation feediDi period of 15 aeconde. Increase in the 

inoculation feeding period alao incre .. ed t:ae percenta.e of 



transmission upto an optimwa period and then reduced with 

further increase in inoculation feeding period. Individual 

aphid was able to tran.1Ii t ihe three virus.., Pi!. CaMV and 

AMY. Maximua perceniage of transmission was obtained with 

20 aphid. in the caae of Pi! and AMY while 30 aphida were 

required for the maximum percentage of iransmission of CaMV. 

6. Aphis craccivora maintained on ~ ainenei. gave 

higher percentage of transmission than those cOllected from 

Gliricidia aaculaia. i.maculata planta had an inhibitor 

which reduced the transmission of Pi!. The effect of the 

inh1bi tor tended to llinimize with the dilution of the sap. 

With increase in the preacq~isitiun feeding of the vector 

on ~.maeulata. the percentage of virus trans~~ssion wal 

decreased. lost acquisition feeding Cn i.maculate allc 

decreased the percentage of transmission. ~.craccivora 

collected from cowpea sa well as from i.meculata and 

maintained on cowpea were more efficient giving a muoh higher 

percentage of virus tranSmission ihan the aphids oollected 

from cowpea and lIB.intained on Gl1ricidia or the aphida 

colleoted direot from Glirioidia. 

7. frianthe!! portulaoa,trM! a oommon weed found in 

most of the gardenland. was tound iAtecied by a mosaic virus. 

The virus was identified as PVY. The virus from this plant 

w.a 'tranalli tted to ch1l.ll Ill.ante 'With the vectors h..go!!l!XP1.1 

and !.cmcl't'Qr&. 'l!n1. 'We.e. coUld •• 'tI.1.1. serfe ... e. .ouro .. 

11t' JIJDqllla t'tlr tu IIpr,e4 Ot' PIT to ob.1llJ. crop. 
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8. Available speoies varieties and cultivare of 

Capeicwa were screened for their reaotion to FVY, CaMY and 

.AMY. .Q.&nnIlU. C. v .685 was not infected .by any of the 

three viruses mentioned above. A strain of £ .• nnuy! 'F11' 

and 'Ouareemeno' were found to be immune to FVY and reaoted 

wi th alld symptoms to CaMY and AMV. .Q.~ c. v. 'r'4' 

was also not infected by FYI. Twenty eix of the other 

varieties tested also reacted only with mild symptoms to 

these three virllses. Two oultivare CA766 and C521\ of 

£.annuym reacted with mild sy.ptoms to PVY and CaMY only. 

These cultivars oould be of muoh use in breeding for 

toleranoe or resistance to the viruses. 
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