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INTRODUCTION

The cultivated pepper (Capsicum spp.), or chilli,
as it is commonly known in India, has been introduced into
India by the Portuguese in the sixteenth century from its
native country of Tropical America and West Indies.
Chilli is one of the chief spioes of Indie cultivated over
an area of adout 5,67,00C heotares with a production of
ebout 40,800 metric tons, of which & mejor porticn 1is
consumed within the country. Some quantity 1e also exported
to Ceylon mostly as dry pods end &ss an essentiesl constituent

of curry powder and hot pickles to several other countries.

Of the different species of Capsicum, C.frutescens L.

and C.mnnuum L. are by fer the most oultivated ones.
In Tamil Nadu C.apnuum is grown over large areas, though
C.frutescens is oultivated to a limited extent in isclated

pockets.

Many diseases caused by fungl and daoteria have been
reported to cause severe losses to the cultivated chilli crop
Many viruses also infect and cause equelly, if not more,
severe losses under field conditions. Literature aveilable
upto 1960 on virus diseases of chilli had been reviewed by
Hamakrishnen (1961). He haed listed 17 viruses namely,
cucumber mosaic virus, tobasco mosaic virus, tobacco etch
virus, alfalfa mosaic virus, pepper vein banding moseic virus

potato virus Y, oraneberry-false blossom virus, tometo spotte:
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wilt virus, aster ringapot virus, Trinidad pepper mossaic
virus, Indian chilli mosaic virus, Puerto Rican pepper moseic
virus, '?rinidad pepper vein banding virus, Italien pepper
mosaic virus and pepper yellow leaf virus, to ocour on

ohilli under netursl conditions. Potato virus X and 16 other
viruses have been reported to cause infection on chilli on
artificial inoculation. Subsequently, Eamekrishnan (1959)
and Paulus et al. (1960) have reported the nstural occurrence
of poteto virus X on chilli in Celifornia. Oszalp (1961)
reported the occurrence of PVX from Aegian ares.

kao et al. (1970) reported the natural ocourrence of a

ring spot strain of PVXI on ochilli from India.

Sinoe 1960 many workers have reported the ocourrence
of viruses that were already recorded on chilli from different
Places. Potato virus Y has been reported from Isreel
(Nitgany end Tanne, 1962), Costa Rica (Gemez, 1962), Aegian
area (Ogelp, 1961), Japen (Miyamoto et g8l., 1963, 1964),
Southern Califernia (Laird et gl., 1964), Bungary (Horvath,
1967) and Argentina {(Gracia et al., 1968). Cuocumber mosaic
virus has been reported by Nitzaeny and Tenne (1962) from
Israel and Knpella.;.' (1966) from Hungary. Stolbur virus has
been reported from Yugoslavia by Aleksic gt al. (1969).
Kapeller (1966), @racia gt al. (1968) end Viasov (1370)
reported the occourrence of alfulfs mosalc virus from Hungary,
Argentine and U.3.8.R. respectively. Tobmoco etch virus has
been reported by Osalp (1961), Nitzeny and Tamne (1962),



Miyamoto et al. (1963, 1964) and Vlasov (1970) from Aegian
area, Israel, Japan and U.S.S5.R., respeotively. Miyamocto et al.
(1964) have also repcrted anoiher pepper virus sirongly
resembling Eotterdam virus B and tobacco rattle on chilli

from Japan.

Paulus et al. (1963) reported a soil-borne virus of
echilli from Celifornia transmitted by Irichodorus sp.
The virus caused stunting of the plant, severe stem necrosis,
irregular yellow green mottle, ring spots and enations.

Necrotic spots were reported om fruits.

In India chilll mosaic disease hed been reported from
various partes by McRae (1924), Kulkarni (1924), Uppel (1929)
and Vasudeva (1954). These reports did not give any
detailed description of the symptoms or the identity of the
virus or viruses involved. Jha and Raychaudhuri (1956)
reported a virus occurring on chilli and described the
symptoms, trensmission and physicel properties of the virus
end designated it as Indien chilll mosaic virus. Narieni
and Sastry (1958) reported that the virus oould also be
transmi tted by Mygus persigae Sulz. and Aphis evonymii
Fabricius. in addition to A.gopsypii Glov. reported by
Jha and Raychaudhuri (1956). 8tudies on the reletionship
of the virus to its vector A.gossypii was reported by
Nariani and Sastry (1962).

Joshi snd Bhargava (1962) recorded a vein banding
mosaic virus disease of chilli (Capsjoum frutegcens L.)



from Uttar Pradesh. The virus was reported to be a
perologiocally related variant of FVY.

Mishra (1963) reported a virus causing mosaio
syeptoms and neorosis on chillies (C.annuum L.) from Delhi.
The virus induced systemio neorosis of the veins and stem
and mosaic mottling. The virus had a thermal inactivation
point of 60°-65°C, & dilution end point of 1:500 to 1:1000,
end & lengevity inm vitro of 1-2 hr. at 32°-35°C. A.gosesypii,
A.craccivora Koch., and Myzus persicee were reported to be

itas vectors.

Kandaswamy et al. (1963) have reported the oocurrence
of tobacco moseic virus in Tamil Nadu. Besed on symptomatology
and transmission, they considered that cucumber mosaic virus,
slfelfa mosaic virus, pepper vein bending virus or chilli

mosaic virus mesy also be present in chilli crop.

Anjaneyulu and Appe Eac (1967) recorded the natural
ocourrence of cucumber mosaic virus in chilli from

Andhra Pradesh.

Nariani (1968) reported tomato leaf curl virus,
& strain of Nicotiana virue 10 to infect ehilli.
Dhenra) and Seth (1968) reperted & new strain of leaf curl
virus infecting chilli from Delhi.

Jeyarajan end Hamekrishnen (1961, 1969) reported
ohilli mosaic disease caused by FVY from Tamil Nadu.



Detailed studies have, however, not been mede to identify
and sacertain different viruses occurring on chilli crop
in Tamil Nadu. A systematic study has therefore been
undertaken in great detail to investigate the different
viruses that cause mosaic disease of chilli in Temil KNadu
end £111 up the lecuns.

4]



MATERIALS AND METHODS

A. Collection and maintenspoe of v Bolates

A survey of the ohilli growing tracts in Tamil Nadu
was undertaken and virus infected materiel brought from
the different areas was used to isolate the virus cultures
for further study. A collection of thirty virus ieoclates
was made from Coimbatore, Tirunelveli, Tiruchirapalli, Salem,

Chingleput, North Arcot, South Aroot and Ramnad disiricts.

The virus isolates were msintained on chilli plants

(K1, en annuum type released by the Agricultursl Research

Station, Koillpatti) in an insect proof glass-house after
transmission by sap inoculation or by protected transmission
with the vector Aphis gosgypii Glover. Sub oultures were
made onoe in every month., Farathicn was periodicelly sprayeéd
on the plents in the glasshouse &8 an additional precaution
against insects. Powdery mildew was prevented by dusting
with sulphur whenever necessary. The plante were also

sprayed with Trithion to control mites at times.

B. n on

(1) Sap inoculation: Young leaves showing characteristic
symptoms of virus infeotion were honogenibed with the addition
of 3 ml. of 0.1M phosphate buffer for every gram of lesf
material in a pestle and morter. The homogenate was squeesed
through muslin cloth and the extracted sap was used as
standard inocculum. Iroculations were carried out by ruhhins
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the inooculum on the upper surface of the second pair of
leaves dusted with carborundum powder, using & gless spatula.
The leaf was supported from below by e small piece of clean

cerdboard during inoculation.

(11) Aphid trangmission: Virus free colonies of aphids
were maintained by the multiplioetion of & single viviparous,
wingless female on suitable host plants. The aphids tested
for their efficiency in virus transmission and their

maintenance hosts were as followsi-

1. Aphis gossypii Glov. on Capsicum snnuum L.
2. Aphis creccjivora Koch. on Vigng sinensis Endl.
Aphis craceivora Koch. on Gljricidie magulate H.E., & K,
3. Aphis nerii Boyer de Fonsoolombe on Calotropis gigentea L.
4. Aphis evonymii Fabricius on Solsnum nigrum L.
5. Mygus persicae Sulz. on Nigotiene tabacum L.
6. Toxoptera citricidus Kirk. on Cjtrus murentifolie Swingle
7. Ehopalosiphum maidjis (Fitch). on Sorghum vulgare Pers.
8. Pentelonia nigronervosa Coq. on Yusa persdisiaca L.

Only adult epterous forms were used in the transmission
studies. They were initielly staerved for two hours and then
transferred to detached young leaves showing charazcteristio
aysptoss of infection kept in a petri dish and allowed to
feed for 15 to 30 minutes. They were then transferred to
healthy test plants and allowed to feed for 24 hours.

The test plents were then sprayed with parsthion to kill the



aphids and kept for observation inside the glasshouse.
Except where otherwimse mentioned in the text the sbove aphid

trensmission method was used.

C, Host tud

The effect of the different virus isolates on different
plent species was studieé by sap inoculetion to a number of
plante belonging to 52 genere representing 15 families.
Flants which did not show eny visible symptoms of the virus
infection after 5 weeks were indexed on healthy test plents

to determine their role as syaptomless virus carriers.

The species of plants used for the study of host

range of the virus i1solates are listed below:

SOLANACEAE (24)
1. Nicoctisna tebacum L. C.V white burley

2. N.tabecus: L. C.V xanthi
3. N. tebacum L. C.V Harrison special
4. R.glutingsa L.

5. N.rugtice L.
6. N.glsuca Grahem
.paniouliets L.
.compeniculata L.

9. Datura giramonium L.
10. D.ferox L.

11. D.mstel L.
12. Gepgicus sunaup L.

1=

7.
8.

= =



13. C.frutescens L. var. tabasco
14. C.frutescens L. var. buccatum

15. C.mierogarpon IC

16. Solenum nigrum L.

17. S.melongena L.

18. Solanus demipgum Lindl x S.tuberosum L. - Hybrid (4¢)
19. Lycopersicon gsculentum Mill.

20. Njcandre phygalcides (L) Pers.

21. Petunis hybrida Vilm

22. Physalig peruviana &.

23. F.floridana Rydb.

24. P.minims L.

LEGUMINOSAE (21)

25. Yigna ginensls Endl.
26. Thaseolus aureus L.

27. P.sungo L.

28. P.yulgeris L.

29. Pigum sativum 1.

30. Cajanus cajan L. Millsp.
31. Cyamopsis psoraloides IX
32. Lathyrus odoratus L.

33. Dolichos lab lab L.

34. Glycine max Merr.

35. @lgricidis meculate Siued.
36. Medioago sative L.

57. 2rifolium pratenge L. 'Kenland'
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38. T.jincarnetum L.

39. I. repeng L.

40. Crotelarig junces L.

41. Araschis hypogees Wwild.

42. Meljlotus albs Lesv,

43. Cicer arietinus L.

44. Clitorie ternsts L.

45. Vieies feba L.
CHENOPODIACEAL (6)

46. Chenopodium amgranticolor Coste . Reyn.

47. C.glbug L.

48, C.mursle L.

49. Beta vulgaris L.

50. Bapellas slbe L.

51. EB.rubras L.

COMPOSITAR (5)
52. Zinnia elegans Jacq.
53. Flavaria augstralagice Hk
54. Helienthus snnuus L.
55. Lagtuga sativa L.
56. Carthamus tinctorius L.

CRUCIFERAE (2)

57. Besturtium offioinalis Br.
58. Brassice juncee L.



AMARANTHACEAE (3)
59. Gomphrens globoss L.
60. Amarenthus virjdig L.
61. A.gangeticug L.

CUCURBITACEAE (8)

62. Cugumis gativus L.
63. C.melo L.

64. Cugurbite moschate Duch.
65. C.pepo L.

66. C.paxima Duch

67. Citrullus vulgaris Schrad.

68. Irjiohosanthes anguina L.

69. Momordica cherentis L.

MALVACEAE (1)

70. Althaea rosea L.

FOLYGONACEAE (2)

TY. ¥agopyron esculentum Geertn.

72. Rumex nepalensis Spr.

GEAMINEAE (1)

73. Zea mays L.

CARYOPHYLLAGEAE (1)
T4. Pianthus barbatus Pall ex. ser.

ATZOACEAE (1)

75. Irianthesa portulscagtrum L.

1t



LAEIATAE (1)
76. Qcipus sanotum L.

COMMELINACEAE (1)
77. Commelina jsgebii C. Fisch.

APOCYNACEAE (1)

78. Vinos rosea L.

D. Phygical properties of the virus isolates

1. Thermel inactivation point
Three ml portioms of the virus inoculum extracted with

C.1 K phosphete buffer was distributed into thin walled glass
tubes of uniform size. The tubes with the inoculum were
subjected to temperastures renging from 40° to 95°C for ten
minutes in a thermostatically controlled weter bath. After
t{he ten minute exposure, the tubes were immersed in ice-cold
water for 10 minutes, The heat treated sep wes inoculeted on
chilli plants for each treatment in the case of virus isoletes
that did not have any local lesion hosts. In the case of
virus isolates that produced local lesions, the local lesion
host was used as the test plant. Untreated sap was used as

a check.

2. Dilution end point
Inoculum wes extracted by grinding the leeves in a
sterile pestle and mortar without the addition of buffer.
Serial dilutions of the expressed sap were made in 0.1 M
phosphate buffer (pH 7.0) and each Adilution was inocoulated to
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test plants. Flants inoculated with the undiluted sap

served as the check.

3. Longevity in vitro

The stendard inoculum was distributed into smell
gless vials in aliquots of 3 oc and one set of such vials
was stored at the room temperature (26°-28°C) and another
set at 5°C for 100 deys. Semples of the stored inoculum
were teken at periodical intervaels and inoculated on to

chilli test plants. Freahly extreoted sap served as control.

E. Studies on virus-veotor relationships
The relationghip between the virumses and aphid vectors

was studied in detall in the case of the virus isoclates
010. C24 and 030 and the vectors Aphis gossypii and

A.craceivora. In the cape of the virus isolates C

10 end

024 detailed studies were made in respect of virus

transmiesion with Aphis craccivora colleoted from the source

plants cowpeu and Gliricidia maculata. Later studies were

made by maintaining A.gragcivora on cowpee plents in insect
cages. Young chilli plents at four leef stage were used in
8ll the studies on virus vector relationship.

(1) Effect of preliminary or preascguisition fasting on
the efficienoy of the sphid vectors to acquire the

virus
Batches of 20 aphids were fasted for verying periods
ranging from 15, 30, 45 end 60 minutes and 2, 4 end 6 hours.
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They were then given an acquisition feeding period of
10 minutes before allowing them s teat feed on healthy plants

for 24 hours.

(11) Determination of the acquisition threshold of the

vectors
Batches of 20 aphide were starved for 2 hours. After

preacquisition fasting the aphids were given an scquisition
feeding period ranging from 5, 15, 30 and 60 seconds and

2, 5, 15, 30 a&nd 60 minutes on diseesed plents. The aphids
were transferred to healthy test plents after the acquisition

feed and allowed 24 hour test feeding.

(111) 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 minutes.
The aphids were transferred on healthy test plants after the
ecquiaition feed. Different betchee of viruliferous aphida
were then allowed different inoculation or test feeding
periods ranging from 15, 30 and 60 seconde end 2, 5, 15,

30 minutes and 1, 4 end 24 hours.

(1v) Determinetion of the number of viruliferous sphids
per plant reguired for efficient tramsmission
Single aphids and 5, 10, 20 and 30 aphids in batches
were fasted for 2 hours end allowed =n aoquisition feed for
15 minutes on infected plants. Then, they were tra;aforrod

to healthy test plants for a test feeding of 24 hours.
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(v) Study of the persiptence of virus in the vesctors
4 fa

Virus free aphids were starved for 2 hours snd then
allowed to feed for 15 minutes on infected plants to acquire
the virus. After the amcquisition the aphids were starved for
15, 30, 45 and 60 minutes and 2, 4 and 24 hours. After the
post acquisition festing, the aphids were placed on heslthy

test plants to feed for 24 hours.

(vi) Persigtence of the virus in the aphid vectors during
feeding

Virus free aphids were fasted for 2 houra and then
allowed an acquisition feed for 15 minuates on infeoted
plants. They were then transferred individuelly to series
of heelthy test plents in succession., Viruliferous aphids
were given s test feed of 5 minutes, 10 minutes end
15 minutes on each successive test plent in two seriles

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

F. Serologicel tests

Antisera were obtained from the following sources.

Antiserum Source
1. 4Antiserum for fobacco mosaic -~ Microbiological
virus Assoclates Inc.
wWashington
2. Antigerum for alfelfa mossic -~ Mierobiological
virus Associates Ine.

Washington
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3, Antiserum for potato virus X Mr.J.M.Todd, Scottish
Agricultural Department,
4. Antiserum for poteto virus Y | United Kingdom

5. Antiserum for cucumber mosaie -~ Dr.Kimble, U.S.D.A.
virus

Ouchterlony agar double~diffusion tests were mede as per
the prooedure described by Bell (1961). Tube preoipitin
tests were made es per the prooedure desoribed by

Matthews (1957).



EXPERIMENTAL RuSULTS

I. Vir esges of chill
A.(1) Survey snd collection of virus isolates

A survey was undertaken in importent chilli growing
arees of Temil Kedu to collect virus disessed chilli plents,
The disease was found to be widespreasd with its incidence
renging from 4 to 75 per cent. Thirty virus isolates were
collected from different arees. 'he percentege of disease
incidence, the number of collections mede, the deteils of
localitles from where they were collected together with the
designation of the isolates are presented in the following
Tedle.

Table 1: Collection of chilli virus isoletes from 4ifferent
areas of Temil Nadu.

Lisease Ko.of
District Flace of collection inci-  col-  180late

dence lections No.
Coimbatore Agrioultural College
Campus 4.5-20% 2 021, 023
Periyanaickenpeleyan 30% 2 01, Cz
Pollachi 50-60% 4 03.014,015,(
Ehevanisagar 20-35% 6 04.c5o°6n
€10+C16+C26
Salem Salem 30-40% 1 09
Dharmapuri Erishnagiri 15-21% 1 c

T
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Chinglepet Kancheepuram 14-26% 1 Ca0
North ircet  Vellore 15-20% 1 c8
South Arcot Cuddalore 10-15% 1 012
Tiruchi~ Thuraiyur 4% 1 ¢
rapalli 19
Ariyalur 6% 1 ¢
25
Tiruchirapalli 5 -10% 1 Ca9
Manikendem 9% 1 CZB
Madurai Oddenchattram 40-50% 2 011,02‘
Tirunelveli EKoilpatti 5-40% 1 Cg )
Sathur 35-60% 1 022
Senkerankoil 50-75% 2 Cy3:Cx0
Hemnad Lruppukottal 24-30% 1 017

The distribution of the chilli viruses in Tamil Nadu

is presented in the map., (Flate A).

(1i) Symptoms on the diseased plent
The symptoms exhibited by the diseased plants at the

time of collection and the symptoms induced by the individual
virus isoletes were ulasaificd into six groups and presented
below. ‘

The groupings were based on detailed studies of trane-
mission, host range, physical properties and serologioal testis

disoussed in later pages of this work.

The same groupings were adopted in presenting the

results in ell experiments.



Table 2 : Symptoms exhibited by the disessed plants in f
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Group I: The collection C1 and 02 exhibdited chlorosis of
leaves, the leaves being much paler than normel. Mosaio
mottling of light to moderate shades of green was observed.
The plents were less bushy than the normel and the leaves
were also slightly orinkled.

5 and CS’

the leaves exhibited interveinal chlorosis and light and

Group II: In the cese of the collection 03, 04, c

dark green mosaic pattern. The diseased plants were slightly
stunted. The symptoms were not very distinct frow the first
group except for slight differences in the severity of

mosaic pattern end mlight stunting of the diseased plants.

Group III: Chlorosis, fine diffuge mottle and slight defor~
mation of the leaves were the symptoms charsoteristic of the
collection 018' 021. 022. The leaves alsoc showed erinkling,
vein bending and slight blistering. The collection 07, Ca,
Cgs Cyor Cq190 €420 Cqx0 Gy Cq50 Cygr C4q0 Cygr Cpp and
023 exhidited clearing of veins of young top leaves, mosaie
mottling of severe type with crinkling of leaves. The leaves
were 80 severely deformed, that the lamina was very much
reduced in sige to varying degrees. They were elongated from
base to tip and reduced in brezdth. The reduction in lamina
was very prominent in young and middle lesves. The older
leaves exhibited chlorosis and dark green vein banding.
/Some leaves were also twisted, bent at the middle and folded
towards the base. The fruits were severely crinkled and
sealler in gize. This group was distinctly different from



the previous two groups in exhibiting vein banding and
deformation of the leaves with reduotion in the sige of the
lamina to varying degrees. The collection 018' 021 and 022,
though exhibiting lese severe leaf deformetion and mosaic
pattern than the others in the third group, had, however,

vein banding symptoms.

Group IV: The collection 024 and 025 exhibited severe
mosaic mottling symptoms on the lamine, slight blistering
and severe deformetion of leaves with reduction of lemina.
This group differed from the groups I and II in the severity
of moseic pattern end leaf malformetion with reduction in
the lamina and from group III in not exhibiting vein banding

symptoms.
¥

Group V: The collection 026' 027 and 028 exhibited ohlorosis,
moderate moseic mottling symptoms end flagging of some older
leaves. Heiroglyphic markinge were noticed on s few older
leaves. This group, though exhibiting symptoms thet could not
be distinguished clearly from the first two groups except for
a few older leaves showing heiroglyphic markings and flagging,
was reckoned as distinet, since its constituent isolates
differed in other charaoters of transmission, physical
properties and hest range as well as serologicel reaction,

discussed elsewhere.

Group VI: The cecllection ng and G’o showed uniform patterm
of mosajc mottling of leaves of larger patches of light and



Table 3 1 Symptoms induced by various virus isolates on Cepsicum annuum on artificial inoculation
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derk green arees. Older leaves were exhibiting often chlorotic
rings, oask leaf petterns and vein banding. This group is
distinct from group 1II in not showing leaf deformetions or
reduction in lemina end differs from group IV in exhibiting
vein banding. The symptoms of this group is less distinct

than groups 1 and 11 as well as group V that showed flagging

of a few 0ld leaves.

From the study of field symptoms it became evident thet
symptoms slone could not be used &5 criteria for distinguishing
the viruses, except to broadly differentiste them into groups
on the basis of extreme reduction in lemina with severe mosaic

patterns and vein banding.

(111) Symptoms on Capsicum snnuum on artificisl
inoculetion

On artificisel inoculetion, the plants of 'Sathur samba'

a local cultivar of C.annuum exhitited the following symptoms.

Group I: The isolates C1 ana C2 produced diffuse yellow
chlorotic spots on inoculated leaves in about 4 to 6 deys
following imoculation. The inoculated leaves abscissed in
another two days. This asoute stage was followed by chronie
symptoms in newly formed leaves with clearing of the veins
followed by light and dark green mosaic mottling, puckering
end blistering. The infected plants were slightly stunted.
In the camse of a few of the severely infected plants necrotie

patches appeared along the veins. The necrosis extended along
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b b
the petiole reaching the stem. The leaves dried and hung
down, The necrosis of the stem proceeded downwards killing the
young stem at first and ultimetely the plant later.

Group II: The isolates CB' C4, 05 and CG did not produce
any symptoms on the inoculated leeves. Young leaves near the
top of the plant exhibited vein clearing in about 10-12 days
following inoculation. Chlorotic to pasle green petches and
mosaic mottling symptoms followed by crinkling of lesves
appeared later. The infected plents were slightly stunted.
Only few fruits were formed which were reduced in size and

crinkled with whitish yellow merkinge when green.

Group III: The isolates 018. 021 and 022 did not produce any
symptoms on the inoculated leaves. After 14 te 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 characteristic symptom. The lamina elso exhibited slight
blistering.

Tne isoletes C;p Cgy Cgu Cygr Cqps Cypr Cqze Cogv Coeo

and C alpo failed to produce any

€160 %170 G190 20 23
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 green areas. The leaves had wavy margin with

erinkled lamina. The older leaves exhibited pale chlorotic



interveinal ereas and dark green vein banding. The leaves were
elongated from base to apex and reduced in bresdth. The lamina
was reduced to varying degrees in young leaves on both sides of
the midridb. The lamina was also completely lacking with the
midrid thin and drawn out as a filiform tendril. Some of the
middle leaves were bent at the middle and rolled down velow

the basal half. Fruits produced on infected plents were small
in size and crinkled.

Group IV: The isolates C and C,. did not exhibit any

24 25
symptoms on the inoculated leaves. About 14 to 16 days after
inoculation young newly formed leaves exhibited vein clearing.
Mosaic mottling of light and dark green areas were observed
subsequently. The leaves exhibited crinkling, blistering,
twisting and waviness of the mergin. The lamina was reduced
to varying degrees on both sides of the midrib and in a few
instences leading to filiform structure. Vein banding

symptoms were, however, not produced by these isolates.

27 and C28 showed mild chlorosis

of the inoculeted leaves about 8 days after inoculation. The

Group V: The isolates 026, [

emerging leaves exhibited clearing of the veins after 12 days
from the time of inoculation. Subsequently, mild symptom of
mosaic mottling was observed zlong with vein bending. The
leaf margins were wavy. The lamina was either normal in sire
or slightly reduced. Older leaves exhibited heiroglyphic
warkings and flagging. In severely infected plants older
leaves showed neorosis at the base that caused leaf fall.



- - 9 12 143 09 i or 143 0% 143 0% 4]
- - 91 61 v 0s 9 09 91 oL €1 0s by
- - s 2t o 1 09 st oL o 09 O
- - AR 2L 09 9. o ¥L 09 ¥ 09 %
- - L 8l 24 09 1 09 i oL zL 08 8
- - s8I (074 91 04 91 09 148 0% 4} oL bo
Cov o 9%
M 4% oL ”O
8a3yoade pyyde eys jo Lus £q pajjymeusI) 30K A L os no
M [s2 8 oe 0
€y oot %5
M ¥ 06 '
() (ev) (er) (o) (6) (8) (L) (9) (s) (r) () ) (1)
Anmwc uot® Anmwu uore (48D g0, (SKep .o (sfep ... (8f®p uoys
coauwa il coqum vl co.ﬂ.«nwm —e uo”wwa e uoﬂwwm ~8T0 uow.wn - xoq
uoijeq ..n:va uotieq AEEM». uotieq ~*U%I  yorimq TSTPI  ygpqmq ~OUETR wotseq ORI} gy
~houx -noux -nauj] % -nouy % -nouy ¥ -nouy % [18:2¢
-o8
TIzau Timkuoase evoysxed BJOAFO0BIO T1dLesof uof3eTNOOUY I
sTydy study enziy sTydy atydy
§338T0ST e€nITa TTITYD 3Y3 Jo 6I0309a prude pus des Y3 TA £3803 UCTESTESUBIL ¢ ) OTqW]



P9308JUT 0§ = —

S — SR — z1 09 91 or 91 or 2L 09 0fq
- - - - n 09 <1 or €L ¢ oL 09 62¢
- - - - b 05 - - zZ1 or ot o 82,
S — - - n 09 - 21 of 6 09 L2y
- - -— - z1 0% -- - <1 0s ' 09 92,
8L 22 sl 0z 21 05 Gt of b1 09 1 0s 524
92 8l z1 oe zi o i 0g i 09 n 09 LLS
- - Lt ¢z b1 of Gi 05 T 09 i 0s €2,
- - Lt vz b oF ¢t 09 €1 09 sL 0g ¢z,
- - Gl 8L L 09 T 09 91 0s " oL 124
- -_— 91 1z 1 06 91 o 91 09 9l or 02,
- - 91 61 bt 0§ Lt o¢ Gt 09 9t 09 6ty
- - L 8t 2t 0§ 1 oL z1 oL 1) 08 8l,
- - Gl 8z 21 0§ i or " 09 9t 09 Liy
— - 1 zz b 08 <L oL zL oL 21 08 9,
- - L 92 21 09 v 0% " o€ <t oL Sty
- - Lt ve €1 0s Gt or " 09 L 08 A%
(eb)  (21) (L) (ob) (6) () (L) (9) (s) (¥) (<) (2) ()

("Pauocy) v arqey



24

Group VI: The virus isolates Uyg &nd 030 caused clearing of
the veins of newly formed expending leaves in about 10 to 14
days after inoculation. The inoculated leaves did not exhibit
any symptoms. Infeoted leaves exhibited uniform systemic
mosalc mottling subsequently. The mosaic consisted of larger
patches of light green or slightly pale yellow arees. The
leaf tip was slightly elongated. Older leaves often showed
chlorotic rings and oak leaf patterns. The fruits formed

were slightly crinkled and pale in colour.

B, Trensmission tests
Transmission of the virus isolates were tested both

by sap inoculation and by the use cf different species of

aphids, namely Aphis gossypli, A.craccivorae, 4. evonymii,
A.nerii, Myzus persicme, Toxoptera citricidus, Rhopslosiphum

maidis and Pentaslonia nigronervopa. The resulis are presented
in the Table 4. The isolates C, and C, (group I) and the
isolsates C3, 04, C5 and C¢ (group II) were only sap inoculable.
The aphid species tested could not transmit these isolates.
The virus isolaetes in group III namely 07 to 023 in serial

order and the virus isoletes in Group IV namely C and 025

24
were transmitted by four of the aphid species Aphis gossypii
Aphig oraccivora, :iphis evonymii and Mygus persicae. Arhis

craooivogﬁfailod to transmit the virus isoletes 026, 027 and

CZB in Grecup V.

Aphig evonymii failed to transmit the virus isolates
Cz‘. 027 and Czs in Group V aend ng and 030 in Group VI.
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Aphip nerij was able to tramnsmit the virus isolates
c24 and 025 in Group IV alone successzfully but failed to

transmit any of the other virus isolates.

Toxoptera citricidus, Rhopalasiphum meidis and

Pentalonia nigronervoge did not transmit any of the virus

isolates tested.

C. Studies on host range end symptometology of the virus

1solates

The virus isolates were inoculested on different host
plents listed earlier and their resctioms were studied in
deteil. Symptoms induced by individusl isolates within a
group did not vary and are therefore presented here in

groups.( Table 5, Plates 1-6)

Nicotiana tabacum C.V. White Burley

The virus isolates C, and C, did not produce any
reaction on the inoculated leeves. Vein clearing was the
first symptom observed 10-12 days after inoculation on newly
emerging young leaves. Subsequently produced leaves showed
mosaic mottling conaisting of patches of light and dark
green arees. Leaf mergins were slightly distorted end the
leaf-gize wap also slightly reduoced.

The virus isolates of group II namely, Ga, 04, 05
snd 06 produced necrotic spots on inocul ated leaves in
3-4 days. This was followed by mosaic mottling of new,

expanding leaves in 12-14 days.



The isolates of group I.I nemely 07 to 023 in seristum,
numbering 17, infected this Plant systemically. Inoculated
leaves failed to exhibit any symptoms. Vein clearing was
observed on the new expinding leaf 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 group IV namely 024 and 025 dai4
not cause any symptoms on the inoculsted leaves. New expanding
leaves showed mild cleering of the veins 12-14 daye after
inoculation. Mosaic mottling of light and dark green areas
appeared later. The leaves were slightly reduced in sice and

the infected plants were slightly stunted.

The isolates of grour V namely 026' C,, and C28 infected

27
this plant in about 8 days showing mild vein clearing of the
young expanding leaves. Ko symptoms were observed on the
inoculated leaves. [ild mosaic mottling appeared later.
Leaves of the infected plants also showed slight vein banding.
Older leaves exhibited heiroglyphic merkings and neerotic areas

bordering the veins.

The isolates of group VI namely C_, &nd 050 caused

29
systemic vein oleering of the expanding leaves about 10 days
after inoculation. Subgequently, the leaves developed mosaic
mottling syrptoms. Clder leaves occasionally exhibited oak

leaf patterms.



N. tabacum C.V. Harrison's Special

The 1solates belonging to all groupe did not show any
symptom on the inoculated leaves. Young expanding leaves
exhibited vein clearing in about 10-12 days except the 1soiatel
in group II. All the isolates caused mosaic mottling symptoms.
Listortion of leaf margins were observed in plants inoculated
with group I and group III isoletes. Size of the leaves was
reduced in case of group I and group IV isolates. Vein
banding was observed in plants inoculsted with group III and
group V isolates. Inoculzted plants were stunted in case of

group 1V isolates.

N. tabacum var. xanthi

The isolates of group I caused local necrotic lesions
on the inoculated leaves in 2-4 days after inoculation. Ko
systemic symptoms were produced. Isolates of other groups
did not show any symptom on inoculated leaves. Isolates of
group I1II end IV exhibited vein clearing followed by mosaic
mottling, reduction in lazmine size and slight stunting of
the plents. Isolates of group 1I, group V and group VI

caused mosalc mottling symptoms.

N.glutinosa

The i1solates of group I caused local necrotic lesions
on the inoculated leaves in 2-4 days as in the case of the
host N.tabacum var. xanthi. On N.glutinoss however, the
lesions enlarged and coalesced together and the infecticn
spread to the petioles and to the stem causing 2 blackening
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of the erea and killing the apical part of the plant under
summer conditions. Isolates of group V induced vein-banding
symptoms. All the other ipolates of different groups caused

symptoms similer to those that were produced on N.tabacum ver

xanthi.

N.paniculste and N.companiculata
Both the species had reacted with systemic syamptoms of

mosaic mottling to all the virus isoletes in all the groups
in about 14~16 days after inoculation.

N.glauoa
Plants of this species reacted with mosaic mottling

symptoms of the emerging leaves, 15 deys sfter inoculetion
with the imsolates of group 1 and II. Isoletes of group 1II
induced mosalec mottling and severe vein bending. Isolates

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

N.rustica

This species reacted with brown locel lesions on the
inoculated leaves with group I and group 1I virus isolates.
The isolates of the groups IV and VI did not infect this
plant. Ipolates in group III reacted with severe mosmic and
ohlorosis. Isolates in group V reacted with locel lesions

followed by mild mosaic mottling.

Detura gtremonium
Isolates of groups I and II caused locel lesions of

4 mm gize in 3-4 deys on inoculsted leaves. There was no
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however, showed symptoms of vein necrosis, wilt and ebscission

c¢f lower leaves whioh were not cbserved in the variety buccatus.

Both the varieties reacted with mild mosaic mottling of newly
formed leaves in 12 daeys when infected with the isolates of
group VI.

C.microcarpon

The isolates of group I did not infect this aspecies
and csuse any symptoms. The isolates of group II ocaused local
brown lesions of | mm Bize in 5 days on the inoculated lesf.
No systemic symptoms were produced. The isolates in group III,
IV, V and VI caused mild mosaic systemically on newly produced

leaves in 12 to 15 dsys after inmoculation.

Solanum nigrum

The isolates of group I and III csused in this plant
syastemic symptoms of faint mosaic mottling in adout 15 days.
But the isolates of group IV ceused systemic symptoms of
pevere mosaic. The isoletes of group II, group V and group VI

did not infect this species.

S.demigssum x S.tuberosum Hybrid A6

Detached leaves of this hybrid plant on inocculetion
with group III imoletes exhidited brown local lesions after
inoubetion in & moigt chamber at 22°C and constant 1ight
after 4-5 days; none of the isolates of any other groups
caused any symptom on this hybrid.
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Lycopersicon esculentum
Plants of this species reacted with mosaic mottling

symptoms systemically in 10-12 days with isolates of grouva
and group II. No reaction wes observed with isolates belonging

to the other four groups.

Petunia hybride
Group I isoletes ceused severe systemic mossic symptoms

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

caused similar symptoms. Isolates of group III amnd group VI

caused mild systemic moseic symptoms and vein banding in

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

necrogis. Isolates of group IV and V caused severe mosaic

mottling and crinkling of leeves.

Nicendras physeloides

Group I isolates on inoculsetion caused severe mosaic,
orinkling of leaves and stunting of the plant. Similar
symptoms were produced by the virus isolates of group III
and group IV. Igolates of group 1I, group V amd group VI
caused only mild mosaioc symptoms.

Fhyselip peruvisns
This species on inoculation reacted after 15 days with

pild mosaic to the isolates from group I. Group II, III, IV
and group VI isolates did not infect. Isolates from group V

caused mild mosaic and vein banding of the young lesves.



30

P.floridena

Plants of this species reacted with mild mosaic to
isoletes from group III end group V in about 12 days.
Vein banding was also induced by isolates of group V. This
plant was not infected by the isoletes in groups I, II,
IV and VI.

Chenopodium amarsnticolor and C.murale

Both the Bpecies reacted with locel lesions on
inoculeted leaves in about 5 to 7 days with the isolates

from group I. C.amaranticolor reacted with locel lesions

ip about 5-7 days on inoculetion with the isolstes from

group II while C.mursle reascted with severe systemic moseic

motiling, smalling of leaves and stunting followblgkv local
lesions. The isolates of the groups III, IV, V and VI hed

failed to produce any of the symptoms in these two species.

C.album

Group I isolates caused local brown lesions on
inoculated leaves in a week. Isolates of other groups did

not infect C.glbum.

Phaseolus vulgaris (local veriety)
The isolates of group I, II, I1I, IV or V did not

cause any sysptome. Group VI isolates ceused small brown
local lesions of 1 mm size in 4 deys aefter inoculation on the

inoculated first pair of leaves.
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Medicago sativa

G@roup VI isolates infected and caused mild mottling
symptoms, 14 days after inoculation on young leaves.
The mottling disappeared in older leaves. Isolates of other

groups had failed to infect these plants.

Irifolium repens
Fourteen deys after inoculation, emerging leaves
exhibited mild mosaic mottling with the isolates in group VI.

The isolates of other groups did not infect this plant.

Vicis fabe

Chocolate brown necrotic local lesions of 2-3 mm sire
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 isolates of other groups.

Zinnia elegens

Mild mosaic mottling developed systemiocally after
12 days on newly formed leaves with group I isolates.
Isolates of group V and VI elso ocaused mild mosaic, 10-12 days
after inoculation. Isolatee of group IV ocaused severe
mosaic mottling end erinkling. There was no reaction to the

isolates of group II and group III.

Gomphrena globosa
The isolates from group I infected and cmused

shlorosis and mosaio mottling on newly formed leaves of
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this plant after 12 days following inoculation. The isolates
from group II caused local round, reddish necrotic lesions
in 4~6 days on inoculated leaves. Ko systemic infection
took place. Virus isolates from groups III, IV, V and VI
did not infect this plant.

Cucumis sativus

Isolates from group IV produced 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
mopaic mottling symptoms. The isolstes from other groups

had not caused infeetion.

The symptoms observed on various host plants are

summed up in Table 5.

All the imolates tested haed feiled to infect the

following species.

Solgnum melongena, Physelis minime, Vigne ginensis,
Phaseolus aureus, P.mungo, Pisum pativum, Cajenus cajan,
Cyamopsis psoraloides, Lathyrus odoratus, Dolichos lab lab,
Glyeine max, @lyricidia maculata, Irjfoljum pratense,
I.incarnatum, Crotalaria juncea, Arachis hypogaes,
Melilotus alba, Cicer arietinum, Clitoris ternata,

Beta vulgaris, Basella alba, B.rubra, Flavaris sustrslasica,
Helisnthus annuus, Laotuca sativa, Carthamus tinctorius,
Kagsturtium officinalis, Brassjce Junceas, Ameranthus viridis,
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PLATE 2




A,
B.
c.
D.

E.

Plate 2 ~ Fotato Virus X

Symptom on chilli plant

Local lesiona on Gomphrena globosa

Symptom on Nicotiena glutinoss

Local lesions on Chenopodium smsranticolor

Local lemsions on Cepsicum frutesceng var. tabasoo.






A,
B.
C.
D.

Tlate 3 ~ Potato Virus Y

Symptom on chilli plant
Symptom on chilli leaves

Symptom on Nicotiana glutinoss

Locel lesions on rotato hybrid 'A6‘



A.

B.
c.

D.

Symptom
Symptom
Symptom
Symptom

Plete 4 - Cepsicum mosaic Virus

on

on

on

on

chilli plent
chilli leeaves
Latura stramonium

Nicotiena glutinosee




PLATE 5




A.
B,
c.
D.

Syeptom
Symptom
Symptom
Symptom

Plate 5 - Tobacco etch Virus

on chilli plant

of leaf abscission of chilli
of etch on cilli

of etch tobacco (White Burley)






Plate 6 ~ Alfalfe mosaic Virus

A. Symptom on chilli plant
B. Symptom on chilli leaves
C. Locel lesions of Iheseolus vulgeris
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D. Studlies on Physioal properties of the virus isolates.
Ihermal insotivgtion point

The thermal inastivation point of the virus isolates
was determined us outlined under 'Materisls and Methoda'.
The results are furnished in Teble 6.

Isolates of group I were found infective after exposurs
to0 85°C for 10 minutes, but they were inactivated at 90°C

exposure for the same period.

The isolates of group II were inactivated at 70°C
but remained ective at 65°C,

The isolates in @roup III had varying thermal

insctivetion point as detailed lelow.

The isolates 07, Cc., 09. cw, c", 012 and 013 vere

infective after exposure to 55°C and became inocuous at 60°C.

The iselates C”. 015, 016' c”. 019. czo and 025
had their thermal inactivetion point between 60°C and 65°C.
The isolates 018' 021 and Gzzhld their thermal inactivation
point betiween 65° and T0°C.

The isolates in group IV had e thermal inectivation
paint between 60° and 65°C.

The isolates in group ¥V were able to withetand 55°C
but not 60°C,
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The isolates in group VI had their thermal inactivation
point between 60* amd 65°C.

Dilution end point

The results are presented in Tadle 7. Isoletes in
groups I and II had a dilution end point above 1:100,000,
The isolates in group III had & veried dilution end point
as detailed below.

The isoletes C7 and C8 were infective at a dilution
of 1:100 and beceme inocuous at 1:500. The isolates 09 to
022 in serietum were infeoctive at e dilution of 1:2000 but
not at a dilution of 1:500C. The imolsate cz3 was infective
at a dilution of 1:1C,000 buat not at 1:20,00C.

The isolates in ¢roup 1V namely 024 and c25 were
infective at a dilution of 1:10,000 and not above.

The virus isoletes 026' 027 and c26 in group V were
infective at a dilution of 1:100 but not at 1:500.

The isolates in Group VI namely 029 and G,O were
p
infective at a dilution of 1:2000 but mnot at 115000,

Longevity in vitre

The results are presented in Tables 8 and 9.
The isolates of groups I and II were infective for over
30 days but lees than 100 days when stored in vitro st
26-28°0.
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The isolates of group III hed a longevity in vitro
of 2 days at room tempersture exoept C14. 015, c16‘ c17,
019 and Czo which had & 4 days longevity.

The isolates of group IV had a longevity in vitro of
4 deys. The isolates of group V had @ longevity in vitro
of only 24 hours. The isolates of group VI withatood 2 days

storage in vitro at room tempereture (26-28°C),

The isolates of group I hed a storage life in vitro
of about 100 days when stored at 5°C, while those of group II
had a longevity in vitro between 30 and 100 days at 5°C.

The isolstes 67 to 623 of group III varied conaiderably
in their period of longevity in vitro when stored at 5°C.
The isolates 07. 08' 018’ 621. czz and 025 had = longevity
of 3 days. The isolates namely Cg, c10, c11, c12 and C15
had a longevity of 4 days, while 019 and CZO withastood storage
for 5 days. The isolate 614, 015, C,¢ and 017 withstood 6 days

storaege.
The isolates of group 1V had a longevity of six days.

The isolates of group V had a storage life of 3 days

in vitro at 5°C.

The isolates of group VI had 4 deys longevity jin vitro
at 5°C.
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E. Studies on the Vegtor-Virus relationships of chilli virus
isolates representing three groups

Detailed studies on the ¥ector-Virus relationships
were carried out with three chilli virus isolates, each one
representing the groups III, IV and VI respectively. These
virus isolates were determined based on host range.
symptomatology, physical properties and serological reasctions
es potato virus Y, capsicum mosaic virus and alfaslfe mosaic

virus respectively.

Both the aphid species nemely Aphis gossypii Glov. and
Aphis oraccivora Koch. were used as vectors. A.gossypii

collected from cotton plants and A.cragoivore collected from
Glyricidia maculeta were employed for the studies on the

effect of preacquisition fasting of the aphid vectors on the
efficiency of virus trensmission. Subsequent experiments
were conducted with Aphis gossypii mesintained on Capsicum
annuum and A.craccivora maintained on Vigns sinensis in

insect cages.

1. Effect of preacgyisition fastine of the aphid yectora
on the eff I sion

The virus isolates 010, 024 and 030 representing
potato virus Y (@roup III), cepsicum mosaic virus (Group IV)
and alfalfa mosaic virus (Group VI) respectively were studied
in detail in relstion to the veetors A.gogsypii and A.gcrageivors.

Fig.l
The results are pregented ir Table 1qg The data

indicated that the vector A.gossypil was able to transmit
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all the three viruses even without preacquisition fasting.
Howsver, the order of transmission was found to be as low
as 6.7, 6.7 and 10.0 per cent for the three viruses
respectively. The efficiency of transmission imcreased
with the increase in preacquisiticn fasting period of the
aphids. JFasting for a period of two hours was found to be
optimum to secure transmizsion percentages as high as

76.7 and 73.3 for potato virus Y and alfalfa mosaic
viruses respectively. In the case of the cepsicum mosaic
virus maximum percentage of infection (80.0%) wes obtained

with four hours of preacquisition fasting.

In the case of the vector A.craccivore, a preliminary

preacquisition fasting was found to be essential for
successful transmission of the viruses, though the alfalfe
mosaic virus was found to be trensmitted to a small extent

of 3.3 per cent without the preliminary fasting of the vector.
The efficiency of transmission increased with the period of
preacquisition fasting, the optimum period being two hours

in the case of the alfalfe mosaic virus, and, four hours for
potato virus Y and capsicum moseic virus. Fasting the vectors
beyond the optimum period was found to reduce the percentage
of transmission. Fror the total number of successful
transuissions of all the three viruses it was observed that
A.gonsypil acocounts for 47.9 per cent transmission. Only
32.8 per cent transmission was obtained with the vector,

A.orsceivora. A.gossypil was found to be a more efficient



Fig.2. Effect of acquisition feeding on
transmission of chilli virus isolates
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vector than A.graccivora in the transmissien of the three

viruses.

2. A ition t hold of o_aphid vecto n re
of the three viruses
Fig-2.

The results are presented in Table 11 The veotors
A.goseypil and A.graccivora varied in their adility to pick
up the virus isolates and become viruliferous with varying
periods of soquisition feed. A.gossypii was able to ecquire
potato virus Y and alfalfe mosaic virus within five seconds,
but reguired fifteen seconds to pick up oapsicum moseic virus.
The itransmission percentages were 73.3 and 60.0 respectively
for potato virus Y and elfalfe mosalc virus, when the veotor
wag fed for a maximum perjiod of fifteen minutes. The maximum
percentage of 66.7 transmission was recorded with 30 minutes

soquisition feed in the case of the cepsicum mosaic virus.

A.orsgcivora was not able to transmit any of the
three virus isolates with five seconds of acquisition feeding
period. Fifteen seconds were found to be the minimum
acquisition feed required for transmission. Maximum percentage
of transmission was obtained with fifteen minutes moguisition
feed in ease of poteto virus Y and alfelfa mosaic virus while
30 minutes acquisition feed wes required for the capsicum
mosaic virus. The results indicated that the vector A.gossypii
was able to transmit the viruses to 41.9 per cent of the
test plante while A.grsocivors was able to transmit the
viruses to 40.2 per cent of the test plants.
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3. Inoculation (] wo _aphid vectors in respect
of the three viruses

The resulte are presented in Table 12?3-Both the species
of aphids were found to transmit the three viruses even within
15 seconds of test feeding. However, the percentege of
trensmission was found to be poor with the short period of
feeding. A.gossypii transmitted the poteato virus Y with a
maximum percentage of 73.3 in 30 minutes test feed.
The capsicum moseic virus was transmitted to a maximum of
70 per cent in one hour. The alfalfs mosaic virus was
trensmitted in 15 minutes test feed to s meximum of

56.7 per cent.

The vector A.creceivora transmitted the poteto virus Y
isclate in 30 minutes test feed to 63.3 per cent of the test
plants and to 70 per cent of the plants in ome hour test feed.
The capsicum mosaic virus wes transmitted to 56.7 and 53.3 per
oent of the test plants in one and four hours test feeding
periods respectively. Alfalfa mosaic virus was transmitted
to a maximum of 46.7 per cent in 5 minutea teat feed.
Increase in the inoculation feeding period reduced the

efficiency of transmission.

When the total efficiency of transmission was
considered the veotor A.gosgypii transmitted the virus
isolates to 39 per cent of the test plants and A.craocivora
trensmitted the virus isolates to 37.3 per cent of the test

plants.
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4, Minimom number of aphids reguired per plant for optimum
yirus transmission

Fig-4-
The results are presented in Table 13;:5 A1l the viruses

were successfully transmitted by single a&dult aphids of

A.goesypii as well as A.ormocivore. Maximum transmission was

obteined with 20 aphids in cese of potato virus Y and elfslfa
mosaic virus. With the cepsicus mosaic virus meximum

transmission was obteined with 30 aphids.

A.gogaypii gave 41.8 per cent totel successful
transmissions end A.craggivora was able to transmit the

viruses to 39.9 per cent of the test plents.

5. Persigtence of the viruges in sphid vecters during festing
The date is presented in Table 1:,?45'1'11: viruliferous

aphids in the case of A.gossypil were able to retain potato

virus Y and elfalfe mossic virus upto one hour and cepsiocum

mosaic virus upto 2 hours. In the cese of A.craccivors

the viruliferous aphids were alhle to retain the potato virus Y

for one hour and cepsicum mosaic virus for two hours, but lost

the slfelfa mossic virus in 45 minutes.

6. Persistence of the viruses in aphid vectors during feeding

The results are presented in Table 15. The poteto
virus Y, capsicum mosaic virus end alfalfe mosaic virus were
transmitted up to the third suocessive test plent by
A.gossypii when the interval of transfer was five minutes.
As the intervel of transfer was increased to ten minutes

rarely & third plant wes infected. At 15 minutes interval
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of trapsfer only the first plant in the series was infected.

A.cragcivora also exhibited similar reaults. The persistence

£

of the viruses studied during continuous feeding was

15 minutes and was more than 60 minutes during fasting.

7. Relative efficiency of the vectors in transmisgion
An oversll picture of transmiasion efficiency of the

two vectors A.gossypii end A.craccivors from the first four

of the experiments on vector virus reletionship is presented

in Table 16.

Teble 16 : Relative vector efficiency in the experiments
on vector-virus relationehip

Total number of plents infected/
Totsl number of planta inoculated,
percentage infection

Experiment
Aphis Aphis Diffe~
gossypii creccivora rence
a) Preascquisition 345 1 236 2
stervation 720 479 7% 328 15.1
* 2
b) Acquisition feeding g-;"-g- 41.9 31—% 40.2% 1.7
*
¢) Inoculetion feeding g%% 39.0 g%% 37,3 1.7
282 * 269 +
d) Number of aphids £7c 41.8 &5 399 1.9

1) Aphide oollected from cotton plents in the field
2) Aphids collected from Gljricidie maculeta in the field

#  Aphidp maintained on Capsicum annuum in cages
+ Aphids mainteined on Vigns sipensis in oages
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The above results indicated that A.gossypii wes
comparatively more efficient than A.graccivora as s vector

in giving maximum virus transaission.

Another important observation mede from the above
results was that in the firat experiment to study the
effeat of premcquisition starvation the difference in the
efficacy between A.gossypil and A.craccivora wes in the
order of 15.%1 per cent while in the case of the subseguent
experiments to study the effect of acquisition feeding period,
inoculation feeding period and the number of ephids, the diffe-
rences in the efficacy of transmission were only 1.7, 1.7 end

1.9 per cent respectively.

In order to examine the possibility thet the plant sep
of Gliricidie maculata might contain some inhibitory

principle which could have been responsible for the difference
in transmisesion ability, additional experiments were cerried

out and the results are pressnted below.

8. Detection of virus inhibitor in the plant sep of

Gl ;ricidia maculata
Young leaves of Gliricidia paculats and Yigna sinensis

were crushed in e pestle and mortar sepsrately end sap
extraoted. The inoculum of potato virus Y (chilli virus
isolate, c,o) was prepared by extraction of infective sap
from the young severely infected leaves. Equael volumes of
the inoenlum end sap extracted from the two plants were

nixed in separate betches in one set. Equel volumes of the
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inoeulum end 1:10, 1120, 1:40, 1:80 and 1:100 d1lutions of
the plant leaf extractis were mixed and esch set was inoculated
to 20 young heslthy ohilli plants. The data is premsented
below in Table 17.

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

Gl;;ioj_.d;a maculata Yigne sinensis

Flants % reduc- Flants % reduc~ (c watei)
infeected <tion over infeoted +tion over ontro
out of 20 ocontrol out of 20 control

Ditution of
plent extract

Undiluted 10 44,44 16 1.1 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 +6.67 15
1:100 16 - 16 - 16

The dats indicated that there wes inhibition of infection
when @ljiricidia maculets plent extract was mixed with the

incoulum of potato virus Y up to 44.44 per oent over control.
There was a gradual decrease ln the effect of inhibition when
the inoculum was mixed with equal quentity of the two fold
dilution of the Gliricidia meculetas plant sap.



9. Effect of preacquisition feeding on Glyrieldie maculsta
and Vigna sinensis he aphid vectors on the trans
of potato virus ¥ filolnto 010 of chilli mosaic virus)

The effect of prescquisition feeding of

A.oreceivora snd A.gogsypii on Glyricidie maculate
was tested ms compared to similar feeding on Vigne

nengig. Healthy oolonies of A.creccivors end
A.gopsypii were collected and starved for two hours.
The veotors were fed on young leeves of Glyricidia
maculats and Yigna sinensis for varying periods of
5, 15, 30, 60 seconds, 5, 30 and 6C minutes 1n separate

batches. After the preaoquisition feeding on these
leaves, the aphids were allowed an acguisition feed of
15 minutes on young infected chilli leaf showing severe
mosaic symptoms ir batches. The viruliferous aphids
were transferred to young healthy chilli plants and
allowed en inoculition feeding of 4 hours after which
the test plants were sprayed with parathion.

The plents were kept for observation inside the

glasshouse. The results ere presented in Table 18.
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Table 1B8:Effect of preacquisition feeding on Gljricidia
meguleta sand Vigne sinensis on the tranlminu%cn

of the chilli virus isolate 010 (pVY
Aphis craocivoras Aphis goseyp
Period of - AL
S. pre~ G.maculata V.ginengis G.maculatg V,

No. acquisition % reduc- % reduc- % reduc- % reduoe
Teeding tion over tion over tion over tion over

control control control oontrol
Control 56.67 60.0

1 5 seconds 23.53 11.76 22.22 11,11
2 15 seconds 29.41 17.64 38.89 22.22
3 30 seconds 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 minutes 100.00 100.00 100.00 100.00
7 One hour 100.00 100.00 100.00 100.00

The observations presented in the table indicated the
genereal inference that the increase in preagquisition feed

on Glyricidie maculata as well as Yigna sinensis reduced the

percentage of succeasful trensmiseions. However, there was
also another important observation thet the ephide fed on
Glyricidis maculste showed less number of succesaful
transmissions than those fed on Vigna sinensig. The percentage
difference in tranemission wes low at lower periocds of
preacquisition feed and it increesed graduelly ur to 5 minutes
of premcquisition feed. As the preecquisition feeding period

was increased, the transmission was reduced to nil.



10. Effeot of post moquisition feeding on Glyricidia
maoulate snd Vigns sinensis by the aphid vectors
on the trans 8 of the potato virus Y (isolate ¢

of ohilli mosaic virus)

10

The effeet of post amcquisition feeding of

A.craccivora and A.gossypii on Glyriecidie maculste

was compared with that of feeding on Vigns sinensis.
Healthy colecnies of both the species of aphids were
collected, sterved for two hours snd allowed to feed
on young infected chilli lesves for an acquisition feed
of 15 minutes in betches. ZThe viruliferous sphids were

transferred to leaves of Glyricidis maculata and

Vigne ainensig in batches for post acquisition feeding
periods of 5, 15, 30, 60 seconds, 5, 30 and 60 minutes.
They were then picked up carefully and sllowed en
inocul etion feeding period of 4 hours on young chilli
test plants. The test plante were sprayed after this
period with parathion and kept for observation in an
insect proof glasshouse. The results are presented

in Table 19.
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Table 19: Effect of post scquisition feeding on Gl{'ric;dia
maculeta and Vigna sine%ig on the transmission
1

of chilll virus isolate o (PVY)
Aphis graccivora Aphis gossypii
Period of - ; of reduction % of reduction
S. pre- over control over control
No. aoquisition
period Con- G. v. Con~ G. v

trol maculate sinensis trol maculats Eineggge

Control 53.33 =~ - 56.67 - -
1 5 seconds - 12.50 6.25 - 15.00 5.88
2 15 seconds - 50.00 12.25 - 31.00 16.00
3 30 seconds - 87.5C 29.25 - 75.00 30.00
4 OUne minute - 87.50 40.00 - §1.00 41.00
5 5 minutes - 10C.0C 56.25 - 100.00 58.00
6 30 minutes - 10C.00 100.00 - 10G. 00 100.00
T One hour - 100.00 100.0C - 1CC.00 10G.00

The results gave a genersl indication that the
increaese in post acquisition feeding time on Gliricidia

maculate as well as Vigne pinensip reduced the number of

successful virus transmissions. Viruliferous aphids fed
on Glyricidie maculets always gave leas number of virus
transmissions than those fed on Vigna ginengis. The
difference in transmission between ephids fed cn the two
plent species increessed as the period of post acquisition
feeading time increased. At five minutes period of post
acguisition feed no large scale differences could be

observed. To¥h the aphid specien 2ailed to transmit



Effect of Pre-acquisition fasting

Fig.6.
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the virus efter 30 minutes of, post acquisition feed on

glyricidia and cowpea.

11. Effect of preecquisition festing of Aphis cracojivora
Irom two different sources of collection maintained
on two different host plent speoies

s.oreceivora oollected from §ljricidie meculata
end Vigno sinengis were mainteined on same host plant

species or alternately on the other host plant. Batohes

of aphids were collected and fested for periods of 15, 30,
60, 120 and 240 minutes. They were then fed on young
severely infected chilli leavee for 15 minutes of scquisition
feed. The viruliferous aphids were then relessed on healthy
young chilli plants for 4 hours inoculation feed. The test
plants were then sprayed with Parathion end kept for

observation in the insect proof glasshouse.

Fig-6.
"The results are presented in Table 2q§ In ell the
cases the percentege of transmission increased with the
inereese in the preascquisition fasting period. A.craccivora

collected from V.sinensis as well as from G.paculats and

mainteined on V.sinensis alwayas gave more percentage of
successful virus trensmissions then the ephids collected

from G.paculata or those oollected from V.ginensis but

maintained on G.mseulata.
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Plate78 Ouchterlony ager double éiffusion test

Top - Isolates 01 and 02 with TMV antiserum

Bottom - Isolates 03, 04, 05 and 06 with
PVX antiserua



P. Serological tests
1(a). The group I isolates both C, and C, rescted with
the antiserum for tobacoe mosaic virus received from

Microbiologicael Asaociestes, Ino. U.S.A., positively.

The results are furnished in Table 21.

Table 21: Tube precipitin test : Reaction of chill{i virus
isoletes of group I

Antiserum for TMV from U.S.A.

Sep tested Dilution of sap
) o] 1312 1:4 1:8 1:16 1332 1:64
Heal thy - - - -~ - - -
C1 isolete +4+ +++ 444+ b+ + -
C, isolste +++ 44+ 4+ 44 + -
MV (oulture) +++ B O s -

+
++ ; Intensity of reaction
+++ )

(b). Ouchterlony sgar double diffusion test
... Both the isolztes of group I gave positive precipitin

lines similsar to tobacco mosaic virus in the gel diffusion “*#

test.Plare. 7.

2(a). The group II isolates Czy €40 Cg and C; reacted

£ et S

with the antiserum for PVX end gave positive precipitin
test. The results are furnished below in Table 22.






Flate f- Ouchterlony sgar double diffusion test

Top Group III igolates 07 to 016 with PVY
antiserum

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

Middle right - Group III isolates 025 and
Trisnthema mosaic virus isolate (TV)
with PVY antiserum

Bottom -~ Group VI isoclates 029 and 030 with
AMY gntiserum



Table 22: Tube precipitin test : Reactiom of chilli virus
isoletes of group II with antiserum for PVX

Dilution of sap
Sep tested 0 1:2 114 1:8 1116 1:32 1:64

C3 4+ e +4 + - -

(!4 +4+ +++ ++ ++ + - -

05 +++ ++4 ++ + + - -

C6 +++ 4 ++ + + - -

Healthy sap - - - - - - -

PVX from potato +++  +++  +++  ++ 4 - -
+)

++) Intensity of reascticn

+4+)

(b). Quehterlony sgar double diffusion test
All the four isolates exhibited precipitin lines

with the PVX antiserum similar to PVX from potato.Place -

3. Quohterlony gel double diffusion test
Group III iasolates totalling seventeen (07 to 023)

gave positive precipitin lines with the entiserum for PVY.
Healthy sap did not react with the antiserum,Place.®.

4. Group IV imolates did not give any positive reaction
with the entisera for potato virus Y, cucumber mosaic virus
and alfalfe mosaic virus in Ouchterlony gel double diffusion
tests and tube precipitin test.



5. Group V igolates also aid not remct with the antisers
for PVY, CMV and ANMV.

6. Group VI isolates 029 and 030 reacted positively with
the entiserum for alfalfe mosaic virus in Ouchterlony gel
double diffueion serological test. Healthy sap did not react

with the antiserum. Piote.s

G. Reaction of chilli varietles and Cappicum species 1o
three ohilll viruses
Verieties of chilli (Capsioum apnuup L. and C.frutescens L.
and C.simensis, C.miorooarpon, C.pendulum, C.peruvianum and

C.columbisnum numbering 158 in ell were screened for their

reaction to three chilli viruses namely poteto virus Y

(PVY - isolate 010). cepsicum mosaic virus (CeMV - isolate 024)
and elfalfas moseic virus (AMV - igolate 030). The results

are pregented below based on the type of reaction of the

varieties.

1. Yarieties not infected by any of the viruses

Capsicum ennuum c.v. '685°'
2. Yeriet at were not scted by poteto virus Y
ut reacted with mild [s) to Capsicum mosaic
v and alfelfe mo e _viru

C.annuum c.¥, 'P11', cusresmeno and C.pendulug c.v.'SAS0'

3. Yarie acted th 1d symptoms for all th

hree viruges
C.annuum c.v., B154, 32412. BS2A, BB9A, C2A, C154,



|
b5t 1

€208, cst, @, Gy, Hy17-1-1, H.P.41, 692, 693, 703,
728, 757, 760, 765, 857, 962, 971, 1187, 1190,
X334-1-1-1~4 and C.columbisnum 1766.

4. Yerjeties thot exhibited mild symptoms for potato

yirus Y and ge cum mosejc virus but sever t
with elfelfe mogaic virus

C.annuum c.v. 'CA766 and C524!

5. Yarieties not infected by potato virus Y, showing

Be mpt with gaps alc viru d
symptoms to alfalfs mosaic virus

C.annuum c.v. 'P34'

6. Varietieg thet reacted with 8 symptoms fer potato

virus Y and slfaifas mosaie virus and severe symptoms
with capsicum mosaic virus

C.annuum c.v., 4123, A125, A154, A4TA, BB64A, C1B, C22B,
1264, AC4939 Lincoln Bell, AC4943 hungarian EHot wax,

C.peruvianue 1749, C.microcerpon, C.ginensis 1491, 1554
1555 and 1556

7. Ya t 8 4 to 1o potato

virus Y but severe sympioms to cepsicum mogaic virus
and alfelfa mosajc virus

C.annuum c.v. B294, 562 and 618~14.

8. Varie t exhibit severe symptoms tc potato
viru d symptoms to ca cum mosaic virus

gand alfalfe mossic virus

C.annuup o.v. C56B, I.C.2474, 759, N.F.34, AC4938 Fimento

A.C.4942 Ansheim aend C.peruvianus 221
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I1. I8entifiention of u vires iselste from Zrisathems
Rertulaceytrug L.

During the collectiom of ehilli virus infected plants
at the Agrigultural College campus fields, a fewv plants of
Irisnthems portulscaptrum L. growing ss & gardenland weed was
found 0 show symptoms of mosaio mottling. The infeoted
plants were collected and studied in detail to examime the
role played by this weed as an alternate host for any ome
of the viruses affeoting chilli orop.

The infected Ipjanihems portulgcasizum plents were
normel in growth but exhibited only slight chlorosis of the

leaves especially at the middle snd mosaic mottling of the

leaves.

(1) Zrsnsmission
The causal virus was transmitted by mechanical

imoculation to chilli plants, with difficulty. Sep extrasted
with 0.5 per cent sedium sulphite gave only 10 per cent
infection on chilli. The virus was also transmitted from
chilli to Irjenthemss portulacesirum by transaission with

the aid of the sphid vestor Aphis sracoivers.

The virus was transmitted by Aphip gossypli snd
also by Mysus pergiose from chilli te chilli. The virus
eul ture was maintained on ehilli for further study.

Sne results of the transmissiem experimsnts are presented

balew in Tadle 23.




Table 23 : Transmission tests with Irjenthesa portulacestrur

virus
I 1 Feroentage of Inoubation
noculation method transmission period
Mechanical transmission 30 14 daye
Aphis craccivora 43 16 days
Aphis gossypii 56 16 days
Myzus persicas 60 14 days

(11) Studies on pymptomatology
The infeoted Capsicus ennuum plants exhibited the

following symptoms. Fourteen days after inoculation newly
formed leaver showesd olearing of the veins. Severe moselo
mottling of 1ight end dark green areas developed later,
The lamina was crinkled and reduced in eize. Older leaves
exhibited vein banding. Leaves were mazlformed and were
reduced to varying degrees. The lamine was completely

reduced in a few young leaves leaving a thin midribk.

frianthema portulacastrum exhibited mosaic pattern and
chlorosis on artificisl inoculation similar to the symptoms

on naturslly infected plants.

(1i1) Host range and symwptoms on verious host , plants
The Trisnthema virus isolate induced the following

symptoms on different host plants tested.Placre. o

Nicotiana tabsgum var. White Burley:
Infected plants exhibited chlarosis of the leaves
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mild mosaic mottling and vein banding 14 dsys after
inooculation.

H.tabecum var. xanthi:

Clearing of the veins was the first symptom observed
10 days after imoculation. The leavea were slightly reduced

in size and showed mosaic mottling.

N.glutinosa:
Kewly emerging leaves exhibited chlorosis and mosaic

mottling. The laaves were slightly deformed with reduction
in pize of the lemina.

N.glauca:
Newly emerging leaves exhibited mild mosaic mottling

sywptoms and vein banding.

N.rustica:
The virus induced chlorosis and severe mosalc mottling,

The infected plemts were slightly stunted.

Cappioum frutescens ver. tabasco end ver. buccatum:
The infected plants exhibited severe mosaic mottling

and erinkling of the leaves. The leaves alac showed vein

banding.
Solanus demissum x S.iuberosum Hybrid ‘A6’

Detached leaves 2eveloped brown loaal lesions 5 days
after imcubaticn in a woist chamber at 22°C.
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Bicandrs physsloides

Infected plants were very much reduced in aisze and
stunted. Leaves were severely crinkled and showed severe

moselic pettern.

FPhysalis floridens

leaves exhibited chlorosis and wild mosaic mottling.

Detunia hybride
Leaves were crinkled and slightly reduced in sige.

Mild mosaic mottling and vein banding were exhibited by the

leaves.

The following plante were not infected by the virus

isolate.

Degture gtramonium, D.metel, D.ferox, Lycopersicon
egculentum, Fhygalis peruvisns, Chenopodium amsranticolor,
C.pmurale, C.album, FPhaseolus vulgarie, Medicago sativa,
Irifolium repens, Yioie fabe, Zinnias elegans, Gomphrepa
Eloboga, Cucumis sativus, Solsnup melongenn, Vigns sinensis,
Fhageolus gureus, f.pungo, Flgus setivum, Cajanug csjen,
Cyamopsis pseralofdes, Lathyrus odoratus, Dolichos lab leb,
Glycine max, Glyricidis maculata, Crotalaria junces,
yulgaris, Flaveria sustralmsics, Carthsmus tinctorius,
Bragsica jungea, Cuourbits pepo, Fagopyron esculentum,
Commelina jecobii and Vinca roges.




61

(1v) Studies on the physicel properties of the virus isolete
FPhysical properties nemely, the thermsl inactivation
point, the dilution end point and the longevity in vitro of
the virus isolate were studied with chilli as the test plant.

The results are presented in Table 24.

Teble 24 : Physicel properties of the Trianthema virus isolate

Thermel imactive-  pi).4i0n end point Longevity in vitro

tion point
Em e, mewe lmal NI THie
?ﬁi:::tted) 25/30 (unggg;ggé) 23/30 (fggzgr:ir) 8/10
50°C 18/30 1:10 18/30 6 hr 5/10
55°C 8/30 1:100 15/30 8 hr 4/10
6C°C 3/30 1:1000 6/30 12 hr 3/10
65°C 0/30 1110000 2/30 24 nr t/10
70°C 0/30 1:30,000 0/30 48 hr 1/10
75°C 0/30  1:100,000 ©o/3% 12 br 0/10

96 hr 0/10

Nuserator - Number of plante infecoted

Denomenator - Number of plents inoculated

(e) Therws)l insctivation point: The isolete withstood
exposure tc 60°C but wes inactivated at 65°C for 10 minutes

(v) Dilution end point: The isclate was infective
at & ailution of 1:10,000 but not at 1:120,000.



(c) Longevity in vitro: The virus hed & longevity
in vitro of 48 hours at 26°-~28°C.

(v) Serological tests
Quehterlo 1 double diffusion t

Trisnthema virus isolste gave positive precipitin
line with the entiserum for potato virus Y. Healthy sep

d1d not react with the antiserum.Place. 8.
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DISCUSSION

1. Identification of chilli mogajc virup isclates

Thirty ohilli mosaic virus isolates were studied.
These isclates could be differentiated into six major groups
based on symptomatology, mode of transmiseion, speoifio
reections on certain differential hosts, physicel properties

end serologicel relationships.

Six of the virus isolates serially numbered from C1 to
cs were not trensmitted by any of the aphid vectors. Though
all these asix isolates had 8 dilution end point sbove 1 in
100,000 they oould be classified into two groups based on the
thermal inasctivation point. The isoletes 01 and Cz had a
thermal insctivation point between 85 and 90°C, while the
isolates C,, 04, 05 and 06 had 8 thermal inaectivetion point
between 65 and 70°C. Differences also existed betwesen the
two groups referred sa group 1 and II respectively in the
sucoeeding paragraphs in their reaction on different host

plants and serologioal relationmships.

Nineteen of the virus isolates 07 to 025 were
trenamitted by sap inoculation and by the aphid vectors
namely, Aphip gossypii, A.craccivora, A.evonymij and
Myzus persicse. The isolates 024 and 025 were tranemitted
by A.nerii slsc. There were differenoces among them regarding
specific host reections, physiocsl properties and serclogical
relationships. Three lsolates 026, 027 and 028 were
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transmitted by sap as well as by the aphid vectors namely,

A.gossypii and Mysug persigse but not by A.erascivors,
A.nerii and A.evonymii.

Baged on the differenoces further 24 virus isolates
are discussed below es group III (67 to 023 seventeen
isolates), group IV (isolates C,, and 025). group V (isolates
Cog0 C27 and 028) and group VI (isolates C,g and C,O).

The isolates in group I (C1 and 02) were characterized
by chlorosis of the leaf, mosaic mottling and crinkling of
the leaves. The infected plants were less bushy than normal.
Both the isolates had an acute and chronic phase of the
diseage when inocculated to chilli plents. DJuring the acute
phase, diffuse yellow chlorotic spots appeared on the inoculete
leaves which later absclisaed. The chronic phase showed mosaic
mottling of the leaves and the plants were stunted. Necrotiec
patches appeared on the petiole and stem, killing the plants
in severe cases. These isoclates caused characteristic local
nesorotic lesions on incculated leaves of Nicotiana tabacum var
xenthi, N.glutinosa, N.rustica, Daturs gtremonium, D.metel,
D.ferox, Capsicum frutegoens var. tabaseo and C.frutessens
ver. bugeatum. C.microcarpon: was not infected. Local lesions
wers also produced on Chenopodius smarsnticolor, C.murale and
C.albus. Twentyone plant species belonging to leguminosae
and eight species belonging to Gucurbitacese were not infecte
Both the lsolates were infective at a dilution of 1:900,000.
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The longevity in vitro was over 30 days at room temperature

(26°-28°C) and over 100 days at 5°C.

Ramekrishnan (1961) had reviewed the literzturs om
virus diseeses of pepper wherein 17 different viruses were
reported to occur naturally on pepper. Among these the only
virus reported to be sap transmissible end had no vectors was
tobacco mesaic virus, which is en important virus infeoting
chilli next only to cucumber mosaic virus. Kovachevsky (1942)
had described the symptoms ceused by this virus in detamil.

The diseesse was charscierized by an acute and & chronio phase.
During the acute phsse growth ceesed in 6-~7 days. Lesaves
turned yellow along the veins, beceme necrotic and fell off.
Stems also became necrotic and destroyed the planta. In the
chronioc phase the plants grew slowly and the leaves appeared
bleached with & faint mosaic pattern. Holmes (1937) reported
four types of sysuptoms namely (a) systemio chlorosia (b) local
lesions on leaves and sbscission (o) delayed necrosis with a
systemic disease and () eysterio necrosis and stem streaking

resulting in the death of the plant.

Nakata and Takimoto (1940) described a ring strain
causing large, bright yellow mottling on the leaves. It had
a dilution end point of 1:1,000,000 and a thermal inectivation
point of 9C°C. Marmor tabaci Holmes var. Siccans
described by Doolittle and Beacher (1342) passed on to pepper
causing syEptoms similar to those caused by TMV, The virue
hed & dilution emd point exseeding 111,000,000 snd & thermal
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inmotivetion point between 90 snd 95°C. Tomato atypical
mosaie virus (Miller and Thornberry, 1958) hed a dilution
end point of 1078 similar to TMV but was inactivated at 72°C.
Thia virus also infected pepper plants. Two strains of TMV
on pepper ip Scuth America deacribed by Zabala aend Della
Coste (1947) were inactivated at 80°C. Seedborme atrain

of TMV described by McKinney (1952) had e dilution end point
of 88 to 89°C. The TMV strain similar to latent strain of
McKinney deascribed by Greenleafﬁz%964) hed @ therasl inactiva-
tion point between 85 &nd 90°C and caused severe mottle of
Capsicum frutescensg var. itebasco. Tomato stresk virus, a
strain of TMV ig distinct in producing local lesions on
tobeoco plants. The hib gresa strain of TMV hed & thermal
inactivetion peint of 93°C.

The virus isolates of Group I (01 and 02), now
studied, were similar to TMV in seversl respeots. Both the
isolates gave positive serclogicsl reaction with TMV
antiserum in tube precipitin test as well as Ouchterlony
agar double diffusion test and ss such were identified as
strains of todbacco mosalc virus but they might be considered
as distinct end different from other strains of TMV reported
on ¢hilli so far, since they differed sharply both in their
physical properties and in their resotion on tobacco or

pepper in all respects.

The igolates in Group Il nsmely, 03. 04, 05 and 06
were characteriszed by chlorotic pale green patches, mosaioc
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motiling of leaves, stunting of the plant and reduced frult set.
The fruits were reduced in size and orinkled with whitish yeollow
markings when green. These isoletes caused necrotio looal
lesions on Nicotisna rustics, Detura spirsmonjuw and D.metel.
PVX end its strains were reported to csuse mild mottling to
extensive necrosis and ringspots on D.gtrasonium. All the

four isoletes studied had induced local lesioms on Chenopodium
aparanticolor and systemic mosaic mottling with erinkling,
reduction of leaf sige and stunting in C.gpurale, Gomphrena
£loboge had reacted with typical round reddish necrotic looal
lesions. Capsicum microcarpon reacted with necrotic local
lesions. C.frutesgens var. tabaggo and C.frutescens var.
buccetum reacted with symptoms similar to those caused by TMV.

According to literature, potato virus X and its strains
are the sap inoculable viruses havimg no vector that infect
chilli other then TMV, Remakrishnen (1959) and Paulus et al.
(1960) reported the natural occurrence of PVX en achilli.
According to Remskrishnan (1959), "Californie Wonder" chilli
plants infected with FVX were stunted with mosaic pattern and
derk green vein banding on the leaves. The leaves were
parrowed and reduced in sige. Schultz et al. (1937), Rolend
(1950) end Chester (1936) have observed severe systemic
pecrosis on chilli by a letent potato strain of PVX. David
and Stormer (1941) described primery dark necrotic rings
and aystemic bdleaching, puckering with ccocasional necrcsis
and death of epicel portions of the plants.
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The ohilli virus isolates im group II differ in their
symuptomatology desoribed sbove in some respects. The isolates
studied, however, geve positive smerclogicel precipitin reactions
with the antiserum for PYX both in tube preoipitin test and
Ouchterlony ager double diffusion test. These isolates were
identified as FVX. 4s the reaction on Datura gtramonium and
the symptoms produced differed from the ones reported for
other strains, these lsoletes turned out to be of a distinot

strain.

Seventeen 1solates 07 to 023 in group II1I were
charecterized by their causing a general reduction in size
of the leaves of the chilli plant, severe mosaic mottling,
orinkling, blistering, leef malformation and distortion,
and twisting or felding of leaf. Three of them 018, 021 and
€2
compared to the other 14 isolaetes. Vein banding was exhibited

2 however exhibited slightly moderate type of symptoms

by ell the isolates. Fruits were crinkled and reduced in size
Nicotiana tebacum reacted with vein banding symptoms with

these isolates. The three species of Daturs tested were not

infeoted by any of these isoletea. Fotato hybrid AG reacted
with looel lesions only when inoculated with these isolates,
while the leguminous plants tested were not susceptible.

All the isolates tested reacted positively with PVY antiserum
in Ouchterlony agar double diffusion test with precipitin
1ines. Based on these specific characteristics these sevente

i1solates were therefore, ildentified as strains of PVY.
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Rogue and Adsuar (1941) described & clesring of the
veins, systemic mottling and vein banding in chilli by the
Puerto Rican pepper moaeic virus. The leaves becsme wrinkled
and the plent was stunted. Fruits were small in ajize, mottled
end badly distorted. Simons (1956) described a pepper vein
banding moseic viruas exhibitimg chlorosis of leaves, vein
banding and mosaic mottling with leaf distortion on chillt
from Florida. Both the viruses were foumd to have affinity
to potato virus ¥, Trinidad pepper vein banding virus
(Lale, 1954, 1956) had very much mimilar physical properties
and produced symptome comparsble to that of the Florida virus.
A potato virus Y strain on chilli described by Jayarsjen and
Remskrishnen (1961/ had elso produced similar syaptoms,
besides exhibiting filiformity of leaves.

The isoletes studied in the present fnvestigations
produced similar or comparsble symptoms to those described
sbove. They, however, differed from those described by
Kovachevsky (1942), and David and Stormer (1941) for potato
virus Y on chilli in not producing flecking om leaves.

The physical properties of the virus isolates veried widely.
The isolates 07 and Cg had a thermal inactivation peint
between 55 and 60°C, & dilution end point between 1:100 and
11500 and & longevity in vitro of 2 daye at room temperature
(26°-28°C) closely resembling the Puerto Ricsn pepper mosaic

virus, and the PVY strein on chilli desoribed by Jeyarajan

and Ramakrishnsn (1961). The isolates Cg, C,n, C;., C,, amd

013 also had a thermal inactivetion point between 55 and 60°0



& dilution end point betwsen 1:2000 and 115000 and a longevity
dn ¥itro of 48 hours. These isolates did not resemble any

of the strains of FVY reported on ohilli. The isoletes 01‘,
C450 C16r Cq» Cqg @nd C,; had a thermal insotivation point
between 60 and 65°C, a dilution end point between 1:2000 and
1:5000, a longevity in vitro of 4 days. Theee isolates
resembled closely the Trinidad ohilli (pepper) mosaio virue
21 and 022
exhibited milder symptoms than a1l the 14 other isolates

desoribed by Ferguson (1951). The isolates Cige ©

tested in this group. Theme three isolates differed from
others in having & high thermsl inactivation point between
65 and 70°C although they olosely resembled the Ferguaon's
Trinidad chilli moszic virus in other charaoteristiecs.

The isolate 023 had e thermal insotivation point between

60 and 65°C, & dilution end point between 1:10,000 and
1:20,000 and & longevity in ¥vitro of 48 hours. This isolate
resembled pepper vein banding mosaic virus described by
Simons {1958) from Ploride and the vein banding moseic virus

described by Joshi and Bhargava (1%62).

The isolates in group 1V namely 024 and 025 were
characterised by severe mosaic mottling, twisting and waviness
of the leaf margin, orinkling, blistering and severe deforma-
tion of the leaf leading to filiformity. These isoletes
differed from the potato virus Y atrelns described in the
previous group im 1ot exhibiting veln dsnding. They were

transmitted by Aphis gossypii, A.grsccivora, A.evonymii,
A.perii and Mygus persicae. Dstura siremonium and D.metel
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were infected with systemic mosaic mottling, chlorosis,
filiformity of leaves and stunting of the plant. Fotato
hybrid A., Ihyselis peruviana end P.floridans were not infeoted.

Zinnie elegans and Cucumis sativup wers infected with mosaie
mottling. These imolates have not resoted with the antiserum

for potato virus Y, alfalfa mosaic virus or ocucumber mosaic
virus. 3Both the ieoletes differed from Indian chilli mosaie
virus (Jhe and Raychaudhuri, 1956) in having & higher thermal
inactivation point of 60°-65°C, a lower dilution end point of
1:10,000 to 1:20,000 end longevity in yitro of 4 deys. A
mogaic virus causing necrosis on chillies described by
Mishra (1963) was also different from these two isolates in
symptomatology, hosi renge and physioel properties. Since
these two isoletes differed from the viruses reported on

chilli, they were recognised &s new viruses and designated

as Cepsicum mosaic virus.

The igolates in group V namely, 026' 027 and 028 were
characteriged by chlorosis of the leaves mosaic mottling, vein
banding and flagging of the leaves. The leaf lemine wes
slightly reduced with wavy margina. Older leaves exhibited
necrosis at the bzpe followed by leaf fell. Infected tobsceo
plents showed necroiic ereas bordering the veins similar to
etching. Tebasco chilli seedlings showed symptoms of wilt
on incculation. Daturs stramonium reacted with mevere
mottling, distortion of leaves and filiformity. Zhysalis

peruviana end P.floridans reacied with chlorotic mottle,
dwarfing of the plant and epinasty. These isoletes hed 2
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thermal inmctivetion point between 55 mnd 60°C, a dilution
end point between 1:100 and 1:50C and a longevity in vitro of
24 hours. BSerologicelly they were mot related to potato
virus Y, alfalfas moseic virus or cucumber mosaic virus. They
d4id not resemble any of the other viruses reported on chilli
except tobacco etch virus in causing etoh like symptoms on
tobaceco, necrosis and defoliation of chilli leaves (described
by Laird et s1., 1964), wilting in C.frutescens var. tabasgo
(described by Greenleaf, 1953) and phyaioel properties very
similar to etch virus. These isolates Aaid not infect the
C.annuum e.v. P 11. Cook and Anderson (1959) reported this
variety to be tolerant to five strains of TEV end resistant

to two other strains.

The two virus isolatee 029 and C,o of group VI exhibite
moseic mottling and vein banding of infeoted leavea with
chlorotic rings and oak leaf pattern. Though no malformation
was observed, the leef blades were slipghtly elongated. Fruit:
formed on the infected plants were pele and orinkled. Infect(
tobacco plants exhibited oak leaf patterns. The iaclates
infected Medicago sative and Irifolium repens causing mosaic
mottling of leavea. Iocal lesions were induced on Fhaseolus
yulgarig and Vicia faba. Streaks developed on the stem of

Y.faba killing the plants subsequently. The thermal inactive
tion point of the isoletes wae between 60 and §5°C, the
dilution end point mas between 1:2000 end 115000 and the
longevity in vitrp was 48 hours. Both the isolates reacted
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positively with the antiserum for alfalfe mosaic virus in
Ouchterlony agar double diffueion test. They were therefore,
identified as strains of alfelfa mosaic virus.

The symptoms described, however, differed from those
described by Quantez (1956) end Kovacheveky (1942) in not
exhibiting bright yellow green streaks and flecks. Both
the isolates differed from the potato calico strain and
tuber necrosis strain in the therwel inectivation point end
in not ceusing locel neorotic lesions on inoculsted leaves.
Though the isoletes 029 and 030 were similar in their thermal
inectivation point to the Idaho elfslfe mosaic virus strain
(Zaumeyer, 19634) and vein necrosis strain (Zsumeyer and
Patino, 1960), yet they could be differentimted on the baesis
of host reaction in that they did not infeect Vigne sinensis
as the latter two strains did. Detura stramonium was reported
to be resistant to the Idaho isolsate, while Gomphrens globosa
was affected with local lesions tc vein necrosis strain.
Alfalfs yellow spot strain of Zaumeyer (1963)F) differed in
infeoting V.sinensig systemically. Tebacco strain of AMV
described by Silber and Heggestad (1965) differed in physical
properties and reaction with YV.ginensis. The isolates studied
sow resembled the pepper strain (Berkley, 1947) in symptomato-
logy end thersal inactivation point closely, but differed in
not infecting ocucumber. These isolates were identified as
ﬁzg strein closely resembling the pepper strain Marmor
medicaginis Holmes var. capaici, Berkeley.



2, Reaction of ohjllf varieties %o Yhree yiruses coocurring
on chilli

From the sbove results and disocussion it was evident
that tobacce mosaic virus, potato virus X, potato virus T,
tobecco etch virus, capsicum mosaioc virus end alfelfs wosaic
virus occurred on chillies in Temil Nadu. Asong these, the
tobacco mosaic virus and potato virus X were confined to
certain pockets in “oimbatore district. Tobacco etch virus
was collected from parts of Coimbztore and Tiruchirappalli
distriots. Alfslfm mogaic virus was collected from
Tiruchirappalli and Tirunelveli districte. These viruses were
limjited in their distributior and the symrtome casused on
chilll plante were less severe than those caused by poteto
virus ¥ and cepsicum mosasic virus. Ihese viruses were not

considered to cause severe crop losses.

The studies on the reaction of chilli varieties and
Capsicus species to the widely distributed potato virus Y
capsicum mosaio virus snd alfslfa mopaic virus indicated that
the c.v. Capsjoum gnnuum '685' was not infected by any of
the three viruses. 4 sirain of Capsicum annuum 'P11' and a
Mexican hot pepper 'Cuaresuenc’ were not infected by potato
virus ¥ and reacted with mild sysptoms to capsicum mosaic
virus and alfalfs mosaic virus. Remakrishnen et al. (1966)
had studied the reaction of chilli (Capgious spp.) cultivars
to tobaoco mosaic virus and found that the strain C.annuum
'P11' to be resistant to it. Cook and Anderson (1959) also



reported that the strain of Capsicusm sapnuum *'J11' had shown
multiple virus resistance to tobacco mosaic virus, tobecoo
etch virus and potato virus Y. Roque and Adsuar (1941)

found the Mexicsn hot pepper 'Cueresmeno' to be resistant to
the Fuerto Rican pepper moseic virus. Riollano et al. {1948)
had bred a strain of pepper, resistant to the disease by
crossing 'California wonder' with 'Cusresmeno’. The Cepgicum
annuum var. 'P34' wae not infected by potato virus Y though
it reacted with mild symptoms to &lfslfa mosaic virus and with
severe disease to capsicum mosaic virus. These varieties
mentioned above could, therefore, be utilized to develop
tolerance or resistence to the three viruses studied in the

present instance.

- Capsjcum pendulup Wild., c.¥. 'SA 90' wes not infected
by potato virus Y and reacted with only mild symptoms to capsicu
mosaic virus and elfelfs mosaic virus. But C. pendulum had
been reported by Lippert et =al. (1966) to be incompatidle with
C.annuum for hybridization and might be of no utility in

breeding for tolerance or resistance to virus diseases.

Twenty six ef the virieties tested reacted only with mild
symptoms to all the three viruses, Two cultivars "CAT66" and
'0524' of C.annuam rescted with mild symptoms to VY end CaMV.

tHence these cultivars also could be used in breeding for

tolerance to the viruses.
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Rest of the 125 varieties exhibited severe symptome
to either PVY or CaMV or all the three viruses leading to

economic losses.

3. Sourges of inoculum for the potato viruses X and Y

ocgurr oen 11

Among the six viruses reported tobecco mosaie virus,
tobacco etech virus, alfslfa mosaic virus and capsicum mosaic
virus may have alternate hosts in the weeds or other
cultivated orops which could be the source of inoculum for
the spreed of these viruses to chillil fields. Potato is &
temperate orop grown only in Nilgiris district (altitude
1800 to 2600 above m.s.l.) about 80 Km away from Coimbatore
district where PVX on chillil is prevalent. Fotato virus Y
is found widespread in other districts also. As such it
is not cleer as to how the poteto viruses FVX and PVY are
found in the plains away from the main source of these viruses.
Frobably the poteto tubers transported for consumption from
the Nilgiris carry FVX and finds its way into the chilli
iields as & contaminant. IHowever, Aphid migration weas
considered unlikely in the present case and there are no
reports that such migrations occur here. Johneon (1957)
had however, reported on the dilﬁ%;al by upper winds of
sphis craccivora in South wales. dccording to Caster (1962)

"thig would apprear to be a situaiion favourable for the
transsission vf persistent viruses, but not of the non-

persistent.” IHence the nature of spread of potato virus Y
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on a large scale on the chilli orop in the plains remained
obscure. Frobably the virus hed other solanaceous hosts like

Solanum wendlandii Hook. and S.pnigrum through which they

found their way to the plains.

Sekimura (1953) considered Solenum podiflorum, Desv.
as a major source of inoculum under natural condition for the
spresd of potato virus Y into chilli and tomato on the imland
of Oghu (Hawaii). Simoms (1956, 1957) reported that
S.gleeagnifolium Cav. and S.graocile Sendt. harboured vein
banding virus of chilli, a strein of potato virus Y,

Solanum aculeeatisgimum Jacq. was found to harbour virumes

causing damesge to the chilli crop in oentral Floride (Anon,
1957). Anderson end Corbett (1957) and Anderson (1959)
reported severe damage to chilli plants in the proximity of
weed hosts and they isolated a strain of potato virus Y from
Solsnum nigrum L., S.gracile, and FPhysslis gngulata, L.
Simons (1959) reported that the chilli virusm (PVY) overwinters

on S.gracile.

In the present study, Irianthema portulzcestrum a

common weed found in wost of chilli fielde was also found to
show symptoms of mosaic., The virus isolated from infected
plante of this sreclies was identifled as FVY. The virus was
transmitted to chilll by Aphis g¢reccivors end A.gossyp i.

This weed 0ould as we)l)l NAYE mervYed um & souroe of Ancoculum

for the spresd of PVY to c¢hilli erop.



4. Relationghip of chilli viruses to their aphigd yectors

From the results obtained in the study of Veotor-virus
relationships of potato virue Y, capsicum mosaic virus and

alfelfes mosaic virus the following caomolusions oould be drawn,

Inorease in the period of preacquisition fasting was
found to increase the efficiency of the vector. Frescquisi-
tion fasting periods exceeding the optimum had reduced the
veotor efficiency. Efficienoy of the vector inoreased with
the increase in the acquisition feeding pericd upto an optimum
and declined on further feeding. The vector efficiemcy had
increased with the increese in inoculuation feeding upto &n
optimum and tended to decline with further increase in
inoculation feeding. Increasse in the number of viruliferous
inoculating sphids inoreased the percentage of transmission
upto an optimum. These results were in agreement with those
of many workers (Watson 1936, 1938; Watson end Roberts, 1939,
1940; Sylvester, 1954; Day end Irzykiewics, 1954; Ehargava,
1951; IBradley, 1952). TPersistence of the virus in the vectors
was longer during fasting than feeding. This had corroborated
esarlier observeations on cucumber mosaic virus (Loolittle and
Wwalker, 1928; EBhargava, 1951), potato virus Y (Smith, 1931;
Watson and Roberts, 1940), pea mosaie virus (Osborn, 1937),
Henbane mosaic virus (Watson, 1938, Watson snd Loberts, 1940),
and lettuos mosaic virus (Kessanis, 1947). The results
obitained had shown that the three viruses potato virus Y,
oapsiocnm mosaic virus and alfalfa mosaio virus om chilli

studied now were transmitted in a non-persistent manner.



Many workers studied the mechsnism of transmission of
non-persistent viruses Hoggan (1931, 1933, 1934), Wetson
(1936, 1938), Watson and Nixon (1953), Sylvester (1949, 1950,
1952, 1954, 1961) and lay end Ireykiewlce (1954). They put
forward meny theories regarding the mechanism of transmission
of non-persistent viruses by arhid vectors. Carter (1962),
Rochow (1963) and Smith (1965) had recently reviewed the
mechanism of transmission of plant viruses by sphid veotors.
The virus wes carried a8 a contaminant on the stylets of
aphids according to the "mechanicel trznsmission hypothesis”
of Hoggen (1933). Wetson and her co-workers suggested the
*Inactivator-behaviour-theory" explaining the loss of
1nfectiv1fy to be due to the activity of & substame produced
by the aphids during feeding and was not due to the mechenical
cleansing of the stylets during successive protings. Day end
Irgykiewiog (1954) came up with the "mechanicel - inactivator -
behaviour®™ hypothesis., This hypothesie postulated the conta~
mination of the stylets by the virus during feeding and
selective insctivation of the virus on the stylets by fasting
lsbile components of tie saliva. van der Want (1954) laid
emphasis on surface differences of the stylets cf various
aphid species in his "mechaniceal - surface - adherence”
hypothesis and the specificity was explained to be due to
the differential absorption to and elution of the virus,
from the stylets. van Hoof (1957) showed with the help of
low power electron-micrographs, surfage differences like

pockets and ridges, on stylets of different aphidas, which
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might serve for the adherence of the virus. According to the
"mechanical-inactivator-compatibility” hypothesis proposed by
Sylvester (1954), compatibility of the combination of the virus,
salive, and host cell inoculested decided the specificity in
infection. The sdvance of stylets was associated with the
secretion of saliva that formed a sheath in some penetrations
as reported by Sylgveater (1961). However, the function of the
sallvary sheeth hsd not been detailed. Adams and McAllan
(1956) had shown the enzymatio activity of the salive.
However, information on the role played by such an enzyme in
penetration of plant cells by the stylet of the aphid had mot
been studied. Information on the effect of selivary secre-
tions on the mechanlism of transmission haed also been lacking.

Inhibitory effect of the saliva of Teriplaneta americanas L.

end Nezera yiridule L. on tobacco mosaic virus waes reported
by Day and Irgykiewlcz (1954). Nagarejen (1367) showed all
achids to o¥tain selivary inactivator, end the quantity
varied from specles to species. He correlsted the efficiency
of transmission to be inversely proportional to the quantity

of the inhibitor secreteé.

Much emphasis hed been placed by many workers on the
inhibitor theory. This theory emphasised that the viruses
were inactiveted on the aphid stylets by the selivery fluids.
The viruses themselves differ in their reaction to these
{nhibvitors. Different species of sphids vary in their
eapability of production of the inhibitor.
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Simons and Moss (1963) had shown thet stylet treatment
an inhibitor from Aeonium arboreugp Webb and Benth. or with
+ urea significently reduced PVY infectivity. Treatment of
hid stylets with the Juice of A.arboreum reduced their ability
/© Bcquire virus to about half the level for aphids treated
with water. Their work {s believed to be the first of its kind
to show that an inhibitor is involved in a natural mechenism
of resistance to aphid trensmission of virus in pleants and
offers the first evidenoe thet such inhibitory substance can

reduce aphid trensmission.

Jansen and Staples (1370) reported the effect of soya-
beans &8 source or test plants on vector efficiency and
retention of infectivity of the beean leaf-beetle and the
gpotted cucumber beetle. The vector efficiency of leratomm
trifurgata (Forst.) and Disbrotics undecimpunctata Howardi
(Barber) were significantly reduced in the transmigsion of
the severe strain of cowpea moaaic virus on soyabean test
plants. The retention of infectivity of the besp leaf-beetle
was reduced when soyabean was used as the virus source plant.
The possibility of the soyabean plants containing an inhibitor
which interfered with the infection process or which inhibited
the virus in the beetles had been suggested by these authors.

In the present instance the vectors Aphis craccivors
collected from Gliricidis maculata were less efficient then
those collected from Vigna sinengis. Extracts of leaves of

Gulagidsts Jnkibivted ths 7irus Ln meckapioal transmiselon.
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With the increase in the dilution of the sap of G.maculsta the
inhibitory effeot tended to reduce. With the increase in pre~
acquisition feeding on Q.naoulatg the percentage of transmission
was reduced much more compared to feeding on V.ginensis,
Similerly post acquisition feeding also reduced efficisncy of
transmission to a much higher rate in oasse of G.maculsta.

The effect of the inhibitory substance wes reduced with the
increase in preacquisition fasting period. A.oraccivora from
G.maculats meintained on cowpea and A.oraccivora colleoted from
oowpea were more efficient giving & much higher percentage of
virus transmission than the arhids collected from oowpea
moeintained on Gliricidis or aphide collected direct from
Gliricidie.

From the results obtained in the study of vector-virus
relationsghips of the potato virue Y, the author is also of the
seame opinion that the virus transmission ability of the aphid
vectors depends on the souroce rlant of the veotor. The
inhibpitory substance present in the source plant has, therefore,
a bearing on the efficienoy of the aphid vector in virus

transmission.



SUMMARY

1. A survey of chilli crops in different parts of
Temil Nadu indicated the prevalence of mosajc diseape. The
disease incidence 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, physical
properties, host range and serological behaviour.

3. Two of the virus isolates were identified as tobacaeo
mosale virus. Mosaic disease caused by Tﬂi/wan found in a
confined pocket in Coimbatore district. Four virus isolates
were identified as poteto virus X. The virus was confined to
two iocalitien namely, Follachi and Bhevenisagaer in Coimbatore
district. Seventeen virus isolates were identified as potate
virus/Y. This virus was found to be widespread in 10 districts.
Two 1solates collected from Coimbatore district end one isolate
collected from Tiruchirappalli distriot were identified as
tobacco etch vi;hs. Two isolates identified as elfelfa sosaic
virus occurred in one locality in each of Tiruchirappalli amnd
T{runelveli districts. All these viruses were also repcrted
to ooour on chilli in different parts of the world. Two
isolates now collected and studied in deteil, however, differed

from 211 the known viruses that were reported on chilli. These



were identified for the first time and designated as cspsicum
moseic virus (CaMV).

4. The virus~vector reletionships were investigated in
the case of potato virus Y, cepsicum mosaic virus and alfslfa
mosale virus and their vectors Aphis gossypij and A.grmocivora.
The viruses were found to be transmitted in a non-persistent

manner.

5. The vector Aphis gossypil was &ble to transmit all
the three viruses mentioned sbove without eny preacgquisition
fasting, but with low efficiency. Preecquisition fasting
increzsed the efficiency of transmission upto &n optimums

period of 2 hours for PVY and CaMV and 4 hours for AMV,

Prescquisition fasting was found essentiel for the
transmission of PVY and CaMV by Aphis gragcivore. 4.gogaypil
became virwliferous in 5 seconds of ecquisition feeding in
the case of PVY and AMV, Fifteen seconds was required to

soquire CeMV. A.creccivora reguired 15 seconds to aoquire

all these three viruses.

The percentage of transmiseion lucreased with the
increase in the acquisition feeding period upto an optimum
and tended to reduce with further increase in the acquisition

feeding period. Both Aphis gossypii end A.craocivora were

found te trensmit the three viruses PVY, CaMV and ANV in en
inoculation feeding period of 15 seconds. Incresse in the

inoculation feeding period also increased the percentage of



transmission upto an optimum period and then reduced with
further inorease in inoculation feeding period. Individual
aphid was able to transmit the three viruses PVY, CaMV end
AMV, Maximum percentage of transmission was obtained with
20 aphids in the case of FVY and AMV while 30 aphids were

required for the maximum percentege of transmission of CaMV.

6. Aphis eraccivora maintzined on Vigna ginenais gave

higher percentage of trensmission than those collected from
Gliricidje meculata. G.maculata plants had en inhibitor
which reduced the transmission of PVY. The effeot of the
inhibitor tended to minimize with the dilution of the sap.
With incresse in the preacquisition feeding of the vector

on G.maculata, the percentage of virus transmission was

decreased. Iost acquisition feeding on G.maculate elso
decreased the percentage of transmission. A.gcraccivora
collected from cowpea as well as from G.meculata and
meinteined on cowpea were more efficient giving & much higher
percentage of virus transmission than the aphids ocollected
from cowpea and meinteined on Gliricidie or the aphide
¢ollected direct from Gliriocidia.

7. Trjanthems portulacestirus a common weed found in
post of the gardenlands was found infected by a mosaic virus.

The virus was identified as FVY. The virus from this plant
was transmitted to chilll plants with the vectors A.gossypil
and A.orsceivorg. This weed could as well serve es 2 sourde
of inoculum for the spresd of FVY to ohilli crop.
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8. Aveilsable speclies varieties and cultivers of
Cepsicum were screened for their reaotion to PVY, CaMV and
AMV. C.annuum c¢.v.685 was not infected aby eny of the
three viruses mentioned above. A sirein of C.annuum 'P11°'
and 'Cuesresmeno' were found to be immune to FVY and resoted
with mild symptoms to CaMV and AMV., C.annuum c.v.'F34'
was also not infected by PVY. Twenty six of the other
varieties tested glso reacted only with mild symptoms to
these three viruses. Two cultivars CA766 and C524 of
C.asnnuum reacted with mild symptoms to PVY and CaMV only.
These cultivars could be of much use in breeding for

tolerance or resistance to the viruses.
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