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INTRODUCTION




‘1. INTRODUCTION

The papaya (__a_gggmL ) is an unusually
interesting plan‘k of tropiocal and subtropical regions of
the world producing frults of many uses. It is a natlive
of tropical America and wag introduced into India in the
16th century. The papdys is now grown in all the tropical
and subtropicsl countries including Australia, Bangladesh,
Brazil, Burma, Caribbean. Islands, Central..and. South. Africa,
Rico,. Sri. Lanka, Taiwan; the UsA (Texas. Florida and
California) and Venezuela.

-4 am o - T T e - an - = - .. PO

A@?.e.r@ing- ,.t.O. Hartms ( 19-?-5) ’ tb@.-@ga.:ica@s*aa. are, 9Avid.ed _i,.n.!w- .
four genera viz., Carica, Monolga, Jacaratia and Cylicomorpha.
The first three belong to tropical America, particularly _
Me:d.co, and C}{l:_lcqmorpha had its original habitat in Africa.

The genug Carica containg .@th. 40 species, but_only three
are of horticultural importance. These are C. papaya, the

common papayas C- candamarcensls, knpwn as mountain papaya,

and C. monoica found in AmaZon basin.
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: ... Papaya not _only a gource of food but has many uses
in indugtry and medicine. The fruits can be used in the
preparation of salads, ples, jems, ice-cream flavouring, ..
crystallised fruits and are canned in syrup.  The seeds are
also used for their medieingl vslue and unriped fruits are _
commonly uged ag vegetsble in cooking. Psgpain, prepared from
dried latex of immature fruits, is a proteolytic enzyme
similar in sction %o pepein, is in great demand in the
international marKet, particularly in the UK and the USA.
Pepain has seversl uses in the industry as an essential
industries (Purseglove, 1968; Foyet, 1972). Papain is used
in tenderising meat; cleaning of beer; in the manufacture
of cagmetics; in the dequmming of silk and rayon; in the
pre~shrinking of wool and in the %$anning of lesthexr. It has
alsp geveral: s.:s‘ég..isn the medical field including treatment _
of necrotic tissues, dyspepsia, and other digestive ailments,
;:iﬁgwgrm .and_roundworm infections, skin lesions end ulcers,
eczema and other skin digeases and in kidney digorders. .
Papain 1s used in detecting stomach and _intestinal cancer
and also in correcting diphtheria. According to Singh gt al.
(1983), an_alkaloid carpaine produced by papaya has been
utilized as a diuretic and a heart stimulant.
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Additionally, papaya 1s also a wholesome, delicious
and refreshing frult occupylng an important place in human
nutrition as a rich source of vitamins and minerals.

Aykroyd (1951) ranked it second only to mango as a source of
the precursor of vitamin A. The ripe papaya frult has the
following composition and food value: moisture 89.6 per cent,
proteln 0«5 per cent, fat O.1 per cent, carbohydrate 9.5
calcium 0.01 per cent, phosphérus 0.01 per cent, iron 0.4

per cent, vitamin A 2020 IU/100 g, B2 0.04 mg/100 5, vitamin
C 40 mg/100 g, nicotinic acid 0.2 mg/100 g, riboflavin 250 mg/
100 g, and calorific value 40 per 100 g (Muthukrishnan

and Irulappan, 1985). '

In India; papaya is grown in almost all the states.
Though, it is successfully grown all over the country, the
important papaya growing states are Bihar, Assam, Madhya
Pradesh, Maharashtra, Tamil Nadu, Gujrat, Uttar Pradesh
and Andhra Pradesh. According to Singh (1979), it is grown
nearly on 10,000 hectares area in the country. In Maharashtra,
the area under papaya is about 2,000 hectares, mostly
concentrated in the districts of Jalgaon (500 ha), Dhule
(200 ha), Nasik {100 ha), Thane (100 ha), Ahmednagar (100 ha),
Pune (100 ha), Soiapur (100 ha), Aurangabed (100 ha), .
Parbhani (100 ha), Buldana (100 ha), Akola (100 ha),
smravati (100 ha), Yavatmal (100 ha), Wardha(1l00 ha)
and Nagpur (100 ha) ( Anonymc;us. 1979~ 80).
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A large humber of so-called papaya varietles is
fourd in cultivation. As a matter of fact, none of these is
a real variety, since papaya is a highly cross~ pollinated
crop, the plants raised from seeds of thege varleties have
mixed inheritance which makes them highly variable in
performarice. These varieties include Bangalore, Barwani,
Ceylon, Co=l, Co«2, Co~3, Co=4, Co=B, Co=6, Gujrati, Honey
Dev;, Coorg Honey Dew, Kurghani, Madhu Bindu, Philippines,
Poona Long, Poona Round, Pant Papaya~l, Pant Papaya-2,

Pant Papaya-3, Puga Dellcious, Pusa Dwarf, Pusa Giant, Pusa
Majesty, Ranchi, Réd Fleshed, Selection No. 7, Singapore,
Solo, Solo Hawaii, Sun Rise Solo amd Washington. In
Mzharashtra, the variety Washington is popular.

The evergreen and fragile papaya bearing edible
fruits of many uses, is being subjected to attack by a large
number of digeaseg. Several serious dlseases of papaya have
been reported. These include diséases caused by bacteria,
fungl, mycoplasma= }ike organisms (MLOs), nematodes and
viruses (Simmonds, 1965; Cook, 1972; 1975; Pathak, 1980;
Verma and Prasad, 1985/86). The bacterial, fungal, MO,
nemstode and virel pathogens infecting papaya are 1listed

as below.



1.

2e

1.

2.

3.
4.

Be

8.

9.

I. Bgcterigl d;;gases H

Bacterial leaf gpot

_Bacterial necrosis

1]

Pseudomonag carica-papayae Robbs.

Bacillus papayae Rant.

II. Fungal digeases

Anthracnose

Stem, foot or root
rot and dampingoff

4 e w tmene e E oA == - -

* Curvularia leaf gpot

b e s e e T ek o m oy e

Phyllosticta leaf
spot.

P T L — -

Ascochyta.leaf spot

Leaf blight

Cercospora leaf spot

St .Croix decline

Powdery mildews

L1 ]

L2

oy E 1)

Colletotrichum gloeogporioides
(Penz-) Sacc.’

Pythium. aphanidermatum (Eds )Fitz.
Phytophthoga,parqsitica Dast..
Corticium solani (Priil. & Del.)
Bourd & Galz.

- o e — L

Curvularia carica-.papayae
Srivastava and Bilgrami.

R . - PRy

Phyllosticta sulata Chowdhury.

Ascnchyta caricae— papayae Tar.

- et gem w mem oy ==

Helminthogporium rogtratum
Drechl.

‘Cepcogpora papayae Hansford.

Corynespora cagsicola(Berk. &
Curt.) Wei.

Ovulariopsis papayae Vander Bilz.

Qidium gcaricge Noack.

Sphaerotheca fuliginea(Schlecht.
ex.Fr.)Poll.




10. Ripe fruit rots ¢ Alternaria tenuis Ness.ex. Pers.

¢ Phomopsis caricae- papayae Petrk.
& Cif. _

Ascochyta caricae Pat.
Colletotrichum gloeosporioides
(Penz.) Sace.

C. acutatum Simmonds.

(1]

¢ C. dematium (Pers.ex. Fr.) Grove.

Rhizopus stolonifer(Ehrenb.ex.Fr.)
Lind.

1l. Watery fruit rot

- -

‘I;{: MLO diseases :

- - - - - s -

l. Bunchy top ¢ Vectors: i) Empoasca papayse Oman.-
(Adsuar, 1946; Story and Halliwell,
1969) . e
--wuii)-gb-ﬁte!éﬁgi‘Young.
( Haque and Parasram, 1973)
1. Root=knot nematode

..... LS .

Meioidogxne~tpcognita(Kofold &
White) Chitwood.

Rotylenchulus reniformis
(Linford & Oliveria).

2. Reniform nematode

V. Virus diseases:

Quite a few virus diseases have been recorded on
paéaya. some of which have been well studled. The viruses
naturally infecting papayas and their properties are summarised
and Qresented in a tabular form.
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Of the vaﬁious diseases infecting papaya, "pspaya
ringspot virus® (PRSV), "papaya mosalc virus® (PMV) and
stem rot or damping off are important. Furthermore, virus
diseases of papays, especially PRSV is known to reduce fruit
yield, latex and sugar content of fruits (Hﬁltzmann and
Ighii, 1963; Ighil and Holtzmann, 1963; Khurana, 1970;
Sanchez de Luque gt gl., 1980; Barbosa and Paguio, 1982b).

Papaya virus diseases are generally grouped.aa
"ringspots® or ™ mosalcs"™ and are usually associated with
"noty® or "potex" virus groups (Cook, 1972). It has been
suggested by de Bokx (1965) that the name " papaya ringspot
virus® (PRSV) be used for viruses which are aphid transmissible
aqd whoge particles are approximately 780 n& long with
"potyvirus group" characteristics (Harrison et gl., 1971;
Purcifull, 1972) and "papaya mosaic virus®™ (PMV) be used
for viruses which are not aphid transmissible and whoge
particles are approximately 533 nm long with "poteéx virus
group" characteristics (Purcifull and Hiebert, 1971).

Earlier, an aphid transmissible virus disease of
papaya characterised by mosaic, mottling, leaf distortion
and reduction of leaﬁ:lamina into filiform structures;
characteristically elongated dark green streaks on petioles
ard stem; spots and ringé on frults and stunting of whole
plant has been reported from Marathwada region during
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1977=78 (Yemewar and Mali, 1980). Based on 1imited studies
like transmission, host range, physical properties and
gerologlcal tests, an aphid transmissible virus disease of
papaya prevalent in Marathwada region was identified as

" papaya ringspot virug“ (PRsV) (Yemewar and Mali, 1980).

The occurrence of PRSV at an.alarminglf high
proportions in Washington, Solo and other newly released
varjeties like Co-l, Co=2, Co=3, Co=4 and Co=% in recent
years has become & cause of concern to papaya cultivation
and papain production 1n'Meharashtra State. Since, earlier
identiﬁiéatien-of'Pst (Yemewar and Mall, 1980) was based on
limited studies, it was felt negessary to identify the virus
unequivacally using biological, serclogical and physical
tosts, which may aid in devising suitable contyol strategles
of the disease. Further, it was also felt necessary to
ascertain the presence of PRSV in other regions of Maharashtra
%o knew its distribution and to verify the natural
reservoirs and vectors of the virus so as to elucidate its
ecological aspects. The present investigation being
therefore, planned towards the isolation, identification and
partiél characterisation of the virus inciting "ringspot™
digease of papaya prevalent in Maharashtra and also to

identify the sources of resistance in Carica specles and

varieties to PRSV. ' Therefore, féllowing'studies were
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undertaken during the period of August 1985 to July 1987
and the results of which are embedied in this thesis.

1. Collection and establishment of PRSV igolates from
different regions of Maharashtra State, to study
and confirm the identity of the casual virus and
also strains if any.

2. Transmigsion studles viz.,

i) mechanical
11) insect (aphid)
115) seed
iv) graft
v) dodder

3. Physical properties viz.,
1) thermal inactivation point (TIP)
ii) dilution end point (DEP)
111) longevity in vitro (LIV)

‘4. Host range

8. Electron microscopy viz.,
:i) leaf-dip preparation
1i) ultrathin sectioning

6 Serology
Te Screening of speciles and varleties of papaya
against PRSV to identify the sources of resistance.
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Virug diseases of papaya ‘(C__g_r_;i;c_g_ papaya L.) have
been raported nearly from every cpntinent where pepayd 1is
grown, and, in many areas, severely restrict profitable
production (Cook, 1972). The first report of a papaya
disease heing attributed to a virus was mede by Smith
{1932) in Jamalca in 1929. Since then and until recently
quite a few virus diseases have been récorded on papaya.
These include "leaf curl® (Sen gt al., 1946; Nariani, 1956;
Reyes et al., 1959), " mosaic® (Conover, 1962; Purcifull
" and Hiebert, 1971), " ringspot® (Jensen, 1949a,b; Purcifull,
1972), "tomato spotied wilt" (Gonsalves, 1968), “tobaéco
ringspot® (McLean and Olson, 1962),% apical or droopy
nécrosis” (Lagtra and Quintero, 1981; Wan and Cenover, '1981),
"lethal yellowing” (Loreto et gl., 1983) and "igsbella
mogaic® (Adsuar, 1972). Of these,"papaya mosaic" (PMV) and
"papaya ringspot virus® (PRSV) are wide spread and
extensively studled.

The world kiterature on papaya virugs digeases,
.especially on "mosaic” and "ringspot" is very confusing.
In many caées, only the symptoms of the disease have been
degeribed. This is probably the reason that the different
names are used for apparently identical viruses or strains
of the same virus. Further, the slight ambigufty shrouding
arthropod involvement in "papaya mosaic virus (PMV)
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transmission may perhaps be attributed to these

nomencl ature diacrepancies- A-virus causing "mogaic"

of papaya would be distinct from the "papaya mosaic virus"
proper and the properties assigned to the former may be
confused with the latter and vice-versa leading to obvious
disarrays. These nomenclatural discrepancies have been
cleared through aphid transmission and electron microscopic
studieg made by de Bokx (1965) and Zettler et al. (1968),
who sugges%ed that the name "papaya mosaic virus® (PMV)

be uged for viruses that are non-aphid transmissible and
whoge particles are 533 mm long with ®potexvirus group”
characteristics (Purcifull and Hiebert, 1971; Smith, 1972;
 Purcifull and Edwardson, 198l1); and "papaya ringspot virus"
| (PRSV) for viruses which are aphid transmissible and whose
particles are 780 mm long with " petyvirus group-®
characteristics (Harrison et al., 1971; Purcifull, 1972;
Edwardson, 1974; Edwardson e} al., 1984; Pureifull gt al.,
1984).

Virug digeases of papaya reported sirnce 1929 from
Africa (Kulkarni, 1970), Australia (Simmends, 1937, 1965),
the Caribbean area (Acuna and Zayas, 1940, 19463 Baker, 1939;
Gabrovska et al., 1967)y the USA (Florida) (Conover, 1962,
1964a,b) and (Hawali) (Perris, 1938; HoltZmann and Isghii,
1963; Ighii and Holtzmann, 1963), India (Capoor and Varma
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1948, 1958; Garga, 1963; Singh, 1962a) and South America
(Malaguti gt al., 1957; Torres and Giacometti, 1966), have
been given a variety of common names. On the basis of gross
characterisation {severe reduction in laminae, no reduction
in latex flow from wouhds and transmission by mechanical
means and by aphids), Cook (1972) considered several of

the gyndromes described as the manifestations of the "papaya
ringspot virxrus™ (PRSV).

Since, the present investigation confirmed the
identity of the virus causing severe leaf digtortion and
rings on frults of papaya in Maharashtra State as " papays
ringspot virus", a member of "potyvirus group“; the world
literature pertaining to PRSV and other similar or;
identical aphid transmissible virus diseases of papaya is
only reviewed and presented below.

2.1 Geographi digtribution

"Papaya ringspot virus® (PRSV) causes one of the
most destructive diseases of papaya (Cook, 1972; Purcifull,
1972) and has been reported to be a major limiting factor
throughout the tiopical and subtropical regions of the world
wherevey papayé‘is grown. Though ité existence had been
reported by earliey workers under different names (Simmonds,
1937; Parris, 1938; Acuna and Zayas, 1940, 1946), the "papaya
ringspot virus" (PRsV), was firsf-described by'Linder et al..
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{1945) from the USA (Hawaii) and experiments reported in
abstract form by Jensen (1946, 1947) demonstrated the

viral nature of the disease, its incubation period in the
plant and My2us pergicae and three unnamed Aphis species

as being shown Qapable of transmitting the virus. Since
then, the occurrence of PRSV had been reported from several
countries which includé Africa (Jengen, 1949a; Kulkarni,
1970; Lana, 1980), fustralia (Simmonds, 1937, 1965;
Shanmuganathan, ,1980), the Caribbean countries (Adsuar,
1947a; Story amd Halliwell, 1969), China (Wu et al., 1983),
Far East (Wang at al., 1978), the USA (Florida) (Conover,
1962, 1964a,b) and (Hawaii) (Parris, 1938; Linder gt al.,
1948; Holmes gt al., 1948; Jensen, 19495; Holt;ménn and
Ighii, 1963; Ighii and Holtzmann, 1963); India (Khursna,
1974; Sureka gt agl., 1977; Yemewar and Mali, 1980), Pakistan
(Basit, 1974); South America (Jensen, 1949a; Herold and
Weibel, 1962; Lima and Gomes, 1975), Sri Lanka (Rajapakse
snd Herath, 198k, 1982) and Vietnam (Brosk and Pozdena,1976).

The Indian records of papaya viruses resembling
PRSV in symptomatology and aphid transmissibility and some
other properties like physical properties in crude sap and
host range in some instances reported from different states
includes "papaya mosaic" from Bombay Province {Capoor and
Varma, 1948, 19%8), and " a sap transmiséible virus of papaya
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‘.t‘n Marathwada™ (Yemewar and Mali, 1980) frem Msharashtra
State; "mosaic of papaya" (Mishra and Jha, 1953; Varma,

1971) from Bihar; " a serious disease of papaya® (Garga,

1963) from Madhya Pradesh; 'ipapaya leaf reduction virus®
(singh, 1969a), "papaya mosalc" (Singh, 1969b),"distortion
ringepot" and "ringspot® (Khurena, 1974.), and "pspaya mogaic"
(Bhaskar, 1983) from Uttar Pradesh; "mosalc disease of papaya"
(Varma, 1971) from Haryana; "papaya ringspot virug® (Sureka
et als, 1977) from Rajasthan; "pspaya mosaic virus®

(Cheema and Reddy, 1988a,b) from Punjsbs and "pspaya mosalc"
(susan John, 1985) from Andhra Pr.:adesh. ‘

2.2 . Extent of losges
Although, logses attributed to PRSV have not been

agsessed, it has been considered a major disease in many

papaya growing courtries (Cook, 1972). Sevefral epidemics of
PRSV limiting the establighment of commercial plantations

and profitable papaya production have been reported from
various countries including Africa (Kulkarni and .Sheffield,
1968), the Caribbean countries (Story and Halliwell,l1969),
Colembia (Sanchez de Luque gt al., 1980), the USA (Florida)
(Conover, 1962; Cook and Zettler, 1970) and [Hawali) (Ishii

and Holtzmann, 1963); India (Yemewar and Mali, 1980 Mali,1986);
South America (Herold and Weibel, 1962) and Talwan (Wang gt 2l.,
1978). The reports, on yield and quality losses attributed

1
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to PRSV are very few and the literature avallable on this

aspect is reviewed beélow.

Parris (1938) attributed a yleld loss ranging from
6 to over 30 per cent to & new mosalc disease, now called as
"napaya ringspot virus®, which was prevalent in Walalua and
Lualualei on the island of Oahu in Hawaii. A mosalc disease
of papaya occurring in Puerto Rico, which according to Cock
and Asenjo (1941) markedly reduced the latex flow and papain
and protein cantents of frults. Vasudeva (1958) recorded
yield losses as high as 66 to 85 per cent in papaya plants.
infected with mogaic digease. Rosenberg (1962) from Hawaii
‘noted that "papaya mosaic virus® reduced soluble salts in
fruits from diseased trees by 29 per cent. The Hawaiian
isolate of PRSV reported by Ishii aﬁd Holtzmann (1963) caused
severe reduction in fruit set and noticeable differences
in total soluble solids, flavour and aroma in fruits that
develop on plants subsequent to infection (Holtzmann and
Ishii, 1963) and also caused yleld lo§ses ranging between
5 and 20 per cent, but in some instances the losses

reported were upto 75 per cent (Ishii and Holtzmann, 1963).
According to Khurana (1970), the ¥"distortion ringspot

virug® (DRV) and " ringgpot virus® (RSV) (considered to be
' PRSV strains now) infecting papaya in Gerakhpur area, of
Uttar Pradesh, ceused marked reduction in yield and quality
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of fruit. According to him DRV was found %0 reduce latex
and sugar contents of frults by 55 per cent and fruit yield,
whereag RSV was found to reduce sugar content only by 42

per cent and a deterioration in the latex quality.

sanchez de Luque gt al. (1980) from Colombia observed that

in PRSV susceptiﬁle varieties of papaya, the number of fruits,
total weight of frults per tree and individual fruit weight
wére less by 69 per cent, 78 per cent and 29 per cent
respectively, as compared to those in a resistant variety.
Furthermore, observable reductions in pulp content, aroma

and valueg for brix in the fruits of 14 susceptible cultivars
were also noted by him. Barbosa and Paguio (1982b) estimated
vield losses in papaya infected with PRSV. When individual
PRSV infected plants were compared by them with apparently
héalthy ones, the estimated losses in fruit yield and number
of fruits per plant and individual frult weight were 68.0

to 72.1, 59.1 to 61.5; ard 19.4 to 25.0 per cent respectively.

2.3 Swmptomatoloay.

Parris (1938) described a new Qirus disease of
papaya discovered at Walalua and Lualualei, Oahu in 1937.
According to him, diseased plants were stunted with
chlorotic leaves. The petioles of the affected plants were
bent downward at fhe point of attachement. Linear, dark
green, r alged hydrotic streaks measuring llé to 1" in length
by 1/32" to 3/8" in width were evident on stem and petioles.
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Digeased leaves were found to fall in 4 to 6 weeks after
the appearance of firgt symptoms. As such the stemwas
left bare except for a few stunted and digtorted leaves at
the apex and frequently a ffinge of lower leaves which were
developed prior to symptom expression. Fruits on diseasged
trees were small and bled profusely.

Baker (1939) reported the common ocourrence of
"'papaya mosaic® in Triniéad- It was characterised by
water-gosked areas lsbelled as " olly-spots" on petioles and
marked mosaic on the newly formed leaves, while older leaves
being unaffected.

The first record of a probable virus disease of
papaya in Florida (USA) was that of Townsend and Andrews
(1940) who repertéd mottled foliage, rings on fruits,
necrotic streaks on stems and stunting or death of apical
bud without, however, demonstrating the viral nature of the

disease.

Acuna and Zayas (1940, 1946) reported a "Cotorro
mosalc” from Cuba (resembling PRSV in many properties) which
was recognised by circular, greenish spots on the base —o,f
young petloles and gometimes on &tems, expanding with the
growth of the plant to several centimeters in length and 1 cm
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in width and becoming ®"hook® or "U-shaped®". In heavily
infected areas, fruilts show spotting, but lesions fail

to extend as in case of petioles and stem. Another
distinctive feature of the disease being the abundant flow

of latex resulting from puncture in frults, consequently
falling to mature and are of insipﬁd'flavoux. The basal
leaves instead of developing at right angles to the stem,

have an obtuse angle or form clusters, often persisting

after the defoliation of the upper part of the tree; in

some cases, a new tuft of small leaves are produced higher
up the trunk. The flowers drop simultaneously, with the
leaves interrupting the fruit setting: 7TIn: affected seedlings
and sometimes even in older plants, only fibrous tissues

of leaves develop and the veins instead of being arrange in
pinnate form, run in parallel lines separated by the
conjuctive tissue devoid of chlorophyll. Severely infected
young leaves may show necrotlc areas, suggestive of a

chemical injury.

Chatterji (1943) deseribed a virus digeasge of
papaya from Dacca, Bangaladésh, with following characteristic
symptomss The earliest symptoms of the disease include
chloroslis and downward curling of young leaves. The leaves
showed malformation and blistering with the advancement of
time. In mild cases, malformation causes reduction in
width and more pronounced digsection of leaf blede, while in
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gavere cases, some leaves showing malformation get
reduced to midrib only. The older leaves are found to
turn brown and fall off and the entire plant show a
gradual decline in growth bearing a small central cluster

of pale green, reduced and malformed leaves.

Jensen. (1946, 1947, 1949a) from island of Oshu,
Hawall demongtrated the viral nature of papaya ringspot,
its incubation period ;n the host plant and its aphid
tradamissibility and described the symptomatology in
detail. Symptoms were produced in the foliage, fruit and
gtem of the plant. Rugosity and mottle without marked
distortion, characterised the leaf symptoms. Reduced 1light
enhanced the éxpresgion of leaf mottle. Yellow spots or
yellow rings with green centres were produced on diseased
frults at the mature green stage. The frults infected
when young, developed yellow rings at maturity, while '
fruits 2/3 grown when infected, produced only solid yellow
spots. Small, inconspicuous, light green rings sometimes
also occurred on very young fruits on diseagsed plants. -
Young plants showed slow growth when infected and

sometimes displayed wsaster-soaked spots and streaks on stem.

Adsuar (1947a,b,c) described a sap, graft and
aphid transmissible virus disease of papaya under the name
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®papaya moselc®™ from Puerto Rico which has now been
‘considered as PRSV (Cook, 1972). Progressive symptoms of

the disease included chlorosis, mottling, wrinkling and

puckexing of the <%op leaves. As the disease progressed,
the plénta became stunted and the leaves were severely
deformed and reduced to filiform structures. The stem
showed dark green, elongated stresks and fruits bore green

and dark brown rings.

Holmes gt ale. (1948) published the results of a
ringspot disease survey made on main islands of ‘the Hawaiian
group. They noted that the most distinctive and reliable
syﬁptom of the papaya ringspot was the appearance of yelléw
rings with‘green gentres; measuring 1/9“ to 3/4® in

_diamieter on the surface of fruits while still they were
mostly green. The follage symptoms included puckering of
young leaves and lrregular mosalc in exparded leaves. The
‘mosaic symptoms were mere pronounced in the field trees
during winter season, became masked in varying degrees
during summer. Digeased plants showed retarded growth and

were weak.

Capoor and Varma (1948, 1958) studied and
described a mechanical, graft and aphid transmissible
"mosaic™ digease of papaya from erstwhile Bombay Province
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of India. The natural infectlon of papaya by mosaic which
was carried mostly through aphid vectors was characterised
by profugsé mottling and pucké;iqg of young follage. Within
30-40 days after the appearance of first symptom;: plants
showed degeneration and marked reduction in growth. The
younger leaves were markedly reduced in size, chlorotic and
malformed and older ones gradually fallen off leaving trees
almest denuded except for a tuft of small leaves at the fop.
Congpicuous dark green spots, elongated streaks of "water-
soaked" areas or " oil-gpots® were evident on petioles and
stems The frults produced on affected trees were found to
develop innumerable circular or concentric "water-gosked®
lesions with a central solid spot. In experimentally
inocul sted plants, the first symptoms were faint chlorotic
spots followed by premature drooping and wilting of leaves.
Subsequent leaves ghowed mild chlorotic spots followed by
mosalc mottling, puckering and blistering. As the disease
advanced, the young developing leaves showed much reduction
in size and digtorted. Water-soaked areas or ollespots ard
elongated stresks were evident on stem and petioles of sap~
{nocul ated plants.

A gerious " mosalc® disdase of papaya infecting 90
per cent plants and making papaya cultivation unprofitable
was described by Mishra and Jha (1955) from Bihar State of
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India. In lesgs severely infected plants mottli%g was
frequently observed, but constfietiﬁns and elongated
water-goaked areas on stems and petioles were rarely seen
ard no flow 6f latex from the fruit or dark green.or brown

rings obsgerved.

Reyes g% als (1959) reported a virus digease of
papaya designated as * leaf curl®, found in an orchard in
Pilimen, Rizal, Philippines. The dlgease was characterised
by the xeduction of the size of lesves and petioles, upward
curling of leaves and tapering of the upper portion of the -
‘stem. The leaves were markedly distorted. Although they
retained the peltate shape, they became deeply iobed, with
lobes pointing upwards. Veineclearing and thickening was
vigible when the leaves were viewed through transmitted light
and thege symptoms were more easily detectable on the under

surface of the leaf.

. Herold and Weibel (1962) reported that PRSV
prevalent in Venezuela could be transmitted readily by
mechanlcal sap inoculation and also through aphids. In
green housg,papaya plants inoculated with PRSV, the first
symptoms shown were the appeasrance of dark green spots on
the upper third of the stem almost 3 to 4 weeks after

1nocplat£on.' ébme days later, fine vein~clearing of young
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leaves was observed. Simultaneously, the older leaves

pecame yellow and fall off. Later, leaves with vein-
clearing became mosalc spotted. New leaves became mosalc
spotted and deformed. as goon as they appeared. Mosaic and
deformation were much stronger in green house grown plants
- than in field.

Conover (1962, 1964a,b) described and reported
three virus diseases viz., " distortion ringspot® (DRV),
"faint mottle ringspot® (FMRV) and " mild mosaic* (MMV) =
affecting papaya in Florida (USA) and causing diseases
singly and in certain combination. The symptoms produced
by "distortion ringspot" (DRV) were narrowing and
distortion of one or more leaf« lobes and greasy-appearing
streaks on petloles, stems and rings on fruits which turned
grey with age on fruits."Faint mottle ringspot (FMRV) had
similar markings on petioleg, stems and fruits which
remained brown, but leaves showed only & faint mottle. While
mild mosaic (MMV) was characterised by green mottle devoid
of leaf distortion or symptoms on petioles, stems and fruits.
Conover (1964b) considered FMRV and DRV as closely related,
but distinct strains of the same virus.

Garga (1963) reported a serious graft and aphid
transmissible virus disease of papaya from the State of
Madhya Pradesh in India. The leaves of affected plants
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developed transluscent areas adjoining the veins,

followed by puckering of the lamins, dark green raigsed
areas énd slight curling of leaé margins. Subsequently
developed leaves were reduced in size and showed
pronounced distortion. In some cases, the léaf Lamipé
was represented only by main véins. The older leaves
' urned br;:wn. fell down and the entire giem became
denudéd with only small cluster of reduced anﬁ much
digtorted leaves at the top. Plants infected in the early
stages of their growth were severely stunted and failed to
bore fruits. Circular rings were evident on fruits and
‘flow of 'latex was not affected by the disease. The infacted
plants were not -killed out-right;but survived for several
yeaxs,' Magking:of -digease symptoms during summer months
was obgerved. Those plants which showed severe disease
symptogs during winter, digplayed almost noimal follage-in

summeXx .

Ishii and- Holtzmann (1963) described a papaya mosaic
virus disease from Hawaii. In the field, young and old
trees affected with mosaic éxhibited mild to severe chlorosis
in the crowh region; in some, a stunting of crown leaves and
petioles oogu::ed- In gevere gaseé; gessation of growth and
loss of leaves resulted in death:qf trees. Initislly, the .
affected -leaves showed rugose appearance. Young leaves of

crown were generally stunted and severely chlorotic with

I
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as veln-banding. Mature leaves were found to exhibit
chlorotic pattern in the form of exténg;ye_vein—glearing

and numerous small rings ranging from transparent yellow

to tan colour. The leaves became stunted with the progress
of the digease. On the stems of infected plants, water-
sosked spots developing into lineal, concentric ring
patterns or into diffused asreas were produced. Considerable
stunting of internodes was evident in severe infections.
Lineal or elliptical hydrotic-spots of _.i..rgeéuée: e
distribution, being lighter in .é.ol_qus. than_those produced

on stems, were of common occurrence on petioles. Severely
infected petioles were stunted and bent downwards.
Distinctive frult symptoms were manifested at all stages

of maturity. Small dark green ringspots, 1 to 2 mm in
diameter were evident on frults of about two weeks old.
Initislly the rings may be ihcompletely closed and irregular;
but as the fruit develops target like spots, increase in
dismeter from lmm consisting of only one ring, to about

15 mm with as many as e;ght or more distinct, slightly
raised, concentric brownigh rings within a green outside
ring. Frequently this entire spot may be slightly sunken.
Although, rings average 4 to 8 mm in diameter, two or more

rings may coalesce to form larger and veried shaped patterns.
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In trees severely affected and denuded of leaves, the
surface of younger fruits became deformed and secreted

droplets of latex.

simmonds (1965) reviewed the papaw diseases
occurring in Qﬁeeﬁsland- In this review,Simmonds déscribed
a mosalc diseasé-of papaw often reaching epidemic proportions
in some digtricts of Queensland. The " Queensland papaya
mosaic® was characterised by the initial chlorosis and
stunting of younger leaves associated with the development
oftypical narrow water-soaked stresks on petioles and upper
portion of the stem and charactexristic light green areas
delimited by dark green areas on younger fruits. 'Latex
flow became reduced or was often absent. As the disease

progressed, the terminal leaves withered resulting in death
of the top; that assumed an appearance difficult to

distinguigh from dieback. Subsequently, the died top
apparently recovered, the only symptoms remained were certaln
stunting and crinkling of older leaves with pétioles
characteristically shorténed. Mosslc infected plants showed
& tendency to throw multiple side shoots, whicﬁ remained
stunted and often subsequently developed mosaic symptoms.

de Bokx (1965) from Florida (USA) studied the host
range and electron microscopy of two virus diseases of papaya
viz., "digtortion ringspot® (DRV) and ™ mild mosaic™(MW)
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in ordér to establish the relationship between them. Based
on the results, de Bokx attributed distortion ringspot and
mild mosaic diseages to two different viruses, the former
belonging to * potyvirus group® and the latter to

"potexvirus group” and each producing distinct symptoms. The
papaya plants inoculated with DRV~ isolate produced vein-
clearing and severe shoestringing on the foliage, the
symptoms Seing more severe during winter, while the plants
inocul ated with MW~ isolate produced only severé mosaic,

but no distortion on foliage.

Torres and Giacometti (1966) reported two virus
diseagés natﬁrally infecting papaya in Cauca valley of
Colombia. These viruses were provigionally named as "type
A" and " type B", as their symptomatology resembled
respectively * digtortion ringspot virus®" (DRV) in Florida
(UsSA) and Cotorro mosaic virus" in €uba. In ® type A virus"
infectlon, young leaves Became pale, the leaf edges curved
upwards and shoot turned light green. Olly-green spots,
circles and lines generally appeared near the stem and base
of petiolés of young leaves. Green fruits showed‘small rings.

The presence of " distortion ringspot wvirus®(DRV)

of papaya reported from Dominican Republic was initially
indicated by the development of oil=like streeking and
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gspotting on main stem, followed by vein-clearing and mosaic
of young foliage. The chromic stages of the disease resulted
in nerrowing and distortion of one or seveial lobes of
occasional leaves resulting in filiform structures. In
oldér plants, early symptoms were streaking on stems and
petioles and/ or green ring spotting on the frults. With
the progress of disease mosaic mottle of younger leaves
occurred followed by distortion (Story and Halliwell, 1969).

Singh (1969a,b) described two sap and aphid
transmissible virus diseases of papaya viz., "papaya leaf
reduction virus® (PLRV) and " paspaya mosalc virus? (PMV)
prevalent in Gorakhpur area of Uttar Pradesh. In PLRVa
infected plants, leaves displayed mosalc and in advanced
steges deformation and reduction, assuming thread-like
appearance. Further, PLRV- infected plants showed severe
stunting and latex flow from them was géeatly_rpducad.
While in PMVr.infqption_thg_visiblé symptoms were
vein-clearing, mosaic mottling and downward and inward
curling of leaves and the appearance of circular rings
and gtreaks on the petioleé. stems and frults.

From papaya plants showing field decline symptoms
in Tanzania and Kenya, East Africa, Kulkarni (1970) isolated
three viruses. Each virus caused distinct type of local
lesion in Chenopodium guinoa and a fourth type of local
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lesion was induced when transmission was from a source
containing two of'the three viruses. The viruses causing
local lesions were designated as ™ chlorotic lesion virus®
(CLV), "chlorotic ringspot virus® (CRV), " necrotic lesion
virug® (NLV) and " yellow necrotic lesion virus® (YNLV).
When, thege igolates were relnoculated to papaya alone or in
combination, they caused stunting and decline symptoms
similar to those gbgerved in the field. Affected plants in
the field were stunted with a reduction in leaf number and
glze; young leaves occaslonally showed veln- clearing. ' In
$gyg?p_9pses,”yogp§est leaves were distorted, crinkled,
back-rolled and more rarely blistered. Infrequently, a
briéht yellow mottle or small discrete yellow spotting was
evident. Fruits often withered, abscissed when 3 to 5 cm
long or were few in number. The tips of main shoots showed
either " small head" or " pencil point" and apical death.

Puring a survey of papaya virus dlseases in

Gorakhpur (1965-68), Khurana and Bhargava (1970) obsexrved
fruits on some éaéayg plants that had varying degree of
deformations and abnormalities. These plants were found to
be infected with a straln of " distortion ringspot virus®
(DR) which has been shown to be related to ™ distortion
ringspot virug" reported from Florida (USA) (Conover, 1962;
de Bokx, 1965) and ® ringspot® from Venezuela (Herold and
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Weibel, 1962). The DR strain was found to be sap and

aphid transmissible. Fruits on infected trees showed a
terdency to fall early, but some retained to maturity.

Forty to fifty day old fruits which rgmgined_og,such-trees
exhibited dark green " oily" or water-sosked, concentric
coalescent rings turnihg brown at maturity. Abnormal fruit
showing induced "apocarpy" and “double padpaya" were noted in
papaya cultivars like African Giant, Honey Dew, Ranchi,
Simul ata Giant and Washington.

Varma (1971) reported high incidence (about 90
per cent) of g sap and aphid transmitted virus disease of
papaya under the name," mosalc disease of papaya® which
preveiled in several orchards of Haryana and Rajasthan.
Some of the diseased trees bore few small and deformed fruits.
Such frults producded dark green or yellow necrotic spots,
blisters or rings on their skin. The symptoms in the fleld
" were vein-clearing or faint vein~banding and mosaic mottling
on newly infected young leaves. Oldey infected ieaves showed
marginal curling, dowmward bending, chlorosis, necroéis
ultimately resulting in premature leaf fall. New leaves
developed subsequent to infection, showed intense yellow
mogaip wigh dark green patchés or blisters interspersed over
yellow background of leaf lamina. The lobes of leaf lamina
were reduced or deformed and the leaf looked like a palm
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with stralghtened fingers. The lobes of the leaves
were overlapped due to abnormal growth. In_some leaves

half of the lamina was deformed while the othey half remalined

normal. The infeotedﬁleaves were also variously malformed,
crinkled, modified into tendril- like structures, greatly
reduced in size and stood upright on the top.of the plants.
Such symptoms were evident in both young as well as old
plantg. Severely infected plants llngered on for geveral
months with a tuft of few reduced and deformed leaves and
ultimstely denuded and wilted.

Farqul et al. (1972) described a new virus disease
of papaya from Pskistan under the name," shredded leaf®".
Plants infected with shredded leaf virus showed gradual
deterioration of leaves as a result each rib carried a
reduced and distorted lamina. The initial symptoms of the
disease were upward curling and blistering of leaves.
Subseéquently, with the 1ncrease’1n the intensity of
blistering, leaves became paler and reduced. Fruits on
diseased trees were also malformed.

Khurana (1974) de;bribad three virus diseases on
papaya, from Uttar Pradesh, India. These diseases were
designated as " mild mosalc® (MM), " distortion ringspot®
(DR) and * ringspot® (RS) and could be disgnosed by the
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symptoms viz., MM inclting only mild mosaic; DR by
distortion of leaves assoclated with marked reduction in
leaf size, oily spots on stem, petioles ard concentxic,
coalescent rings on frults and RS by interveinal puckering
of foliage, olly spots on stem and non-coalescent rings

usually encircling a spot on frults.

Break and Pozdena (1976) while surveying virus
and virus- like digeases of some crop plants in Vietnam
and Combodia, observed two symptomatically different serious
diseases of papaya near Hanoi: (1) heavy leaf deformation
in which attempts to detect virus in leaf tissues were
unsuccessful and (2)% mosaic and ringspot®. The symptoms
in mogalc and ring spot were almost identical with those
described for PRSV by Jensen (1949a). The causal virus was
identiflied to be a membesf of potyvirus groups of
Harrison et al. (1971).

Sanichez de Luque and Martinez Lopez (1976a,b) . = .
based on aphid transmission, symptoms, host range and physical
properties confirmed the identity of a virus as "papaya
ringspot virus® (PRV), which limited commercial cultivation
of papaya in Colombia. The Colombian isolate of PRSV cauged
chlorosis and mosai¢ of young leaves followed by distertion
and reduction of leaf laminae into filiform structures. In
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the infected trees, the stem disgplayed dark green,
water-gosked patches and water~gozked linear streaks on
petioles. The petioles also showed a tendency to bend
dowriwards. Typical concentric rings were produced on all

over the surface of fruits.

During the course of investigations on virus
diseases of papaya occurring in and around Udaipur,
Rajasthan, Sureka gt gl. (1977) encountered with two sap
transmissible virus diseases viz., "pepays mosaic virus"

(PMV) and "papaya ringspot virus® (PRSV) in single and mixed
infectiong. PMV and PRSV induced distinguishable natural
symptoms in single infection hut in mixed infections

symptoms of PMV 'wer‘e‘ supressed by PRSV. In PW- infected
trees, the leaves displayed mossic, vein banding and in few
cases velns+élearing symptoms. Trees _severely infected by
PW had fewer and smaller fruits. PRSV= induced foliar
symptoms included distinct chloro‘gic spots, éhloroti'q

rings, various types of line patterns, blisters and distortion.
Premature leaf fdll was also common and in séve:}é cases,

only a bunch of leaves was seen on the top wit'h‘ all the lower
leaves defoliated. Petioles of affected treeg posgessed
round %o elliptical and elongated oily rings and streaks
histxib_uted over the whole gurface. Infected trees were very
much stunted with liardened stems bearing oily spots, streaks
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and rings. Fruits on some of the infected trees displayed

dark green oily or water-soaked circular, concentric rings.

In soﬁa cases frults were deeply lobed with various degrees

of induced apocarpy resulted in the formation of bi-to-hexalobate
fruits. Symptoms of the digease were severe only in winter

months ‘and heavily masked in summer.

Two igolates of PRSV, I and II, causing wilt and
mosalc respectively have been described f:om_Taiwag and
squash being the best differential host for the two
{Chang, 1979).

During a crop disease loss assessment survey of
vegetables and fruits in Migeria, Lana (1980) observed papaya
plants being infected with "papaye moésalc virus"(PMV), "papaya
ringspot virus"(PRSV) and " tobacco ringspot virug® (TRSV).
Lana reported that PRSV recorded in Nigeria was sap and aphid
transmissible. The field symptoms induced by Nigerian isolate
of PRSV included vein=banding, spots, line pattern, mosaic,
curling and distortion of leaves. 1In plants showing
digtortion symptoms, greasy streaks and grey spotting were
usually found on stem. Ringspot symptoms some times appeared
on the fruits, but virus could not be recovered from such
frults. Seedlings of Solo and some local cultivars .
sap=inoculated with PRSV exhibited wvein-clearing, curling
and ringspot symptoms on newly developed leaves.
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- Shansiuganathan (1980) during his gurvey on virus
and viruge like diseases of plants, noted the occurrence
of PRSV on papaya plants grown at Tarswa localities of
Gilbert Islands. He obgerved PRSV to cauge vein-clearing,
mottling on fully expandéd young leaves, leaf distortion and
reduction of laminase. The expanded leaves were mildly
mottled and rugose. In PRSV.- ;nfec.ted plants however, he
did not observe characterigtic dark streaks on stems and
petioles which usually associate with the disease. The
trees were stunted and devold of fruits.

A gap and aphid transmisgsible virus disease of
papaya from Marathwada reglon characterised by the symptoms
of mosaic mottling, leaf distortion, reduction o-{ leaf lamina
into filiform structures; streaks on the stem and petioles;
rings and spots on frults and stunting of plants has been
reported by Yemewar and Mali (1980). The incidence of the
digease was found to be 79 per cent during 1977~78. On the
basis of transmission,hogt range, physical properties and
gserological tests, \t:emewar and Mall (1980) confirmed the
identity of sap and aphid transmissible virus disease of papaya
occurring in Marathwasda region as "papaya ringspot virus®
(PRSV), a member of potyvirus group.
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During a survey of papaya growing areas in
$ri Lanka, Réd.apalsse ard Herath (1982) noted several papaya
plantg grown in Kandy snd Gampol aﬂ showing sbnormal symptoms
like chlorosis, curling, stunting, vein-clearing and
prominent mottling on the leaves. Ac¢cording to ebserved
symptoms, they were categcris_ed as "mosaic®, "ringspot” and
Meaf curl®™ groups. On the basis of symptomatology,
transmission and host range, mesaie, ringspot and 1éaf
curl groups were ldentified as “papaya mosalc virus"
(PMV), “papaya ringspot virug®(PRSV) and ® papaya leaf curl
virus® (PLCV) respectively. In sap 1ﬁoculatioﬁ on seedlings
of two papaya varieties, Solo Hawali and Washington, PMV
produged systemic mosatc and vein-clearing, but PRSV showed
systemic chlorosis, veineclearing and ringspot, while PLQV
disgplayed veinwclearing and leaf-roll symptoms. Ingect
"¢rangmission studies have indicated that both PMV and PRéV.
but not PLCV were aphid transmissible. Papaya leaf curl
was transmitted by whitefly vector, Bemisis %abacl.

A yirps diséase of papaya inducing mosaic,
rugosity, reductlon of leaf laminae, greasy appearing
.Qtreaks.on petioles and greasy-appearing ringspots on
frults obsefved in Pernambuco more then 10 years age has
been regehtly identified and designated és an isolate
of "papaya ringspot virus" (PRSV=PE) baéed on aphid
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transmigsion, host range, physical properties and particle
ard inclusion morphology (Barboga and Paguio, 1982a).

The Venezuelan igsolate of PRSV has been_described
with gymptoms 1likeé veinw-clearing, mossic, phyllody, oily spots
on petioles and stem and dark green concentric rings on the
gkin of fruits. Occasionally fruits on infected plants

showed dark green areas and deformations ( de la Rosa and
Lastra, 1983).

. .Wan and Conover (1983) have reported the host
gsymptomatology im respect of various papays virus digeases,
aiding in an easy diagnosis. "Papaya ringspot virus"(PRSV)
was diagnosed on the basis of leaf distortion and greasy
appearing streaks on stems and rings on fruits, whereas,
“"droppy necrosis virus® (DNV) wag identified by the presence
of fecurvature, yellowing and stiffness 6f petioles.

"Papaya mosalc virus" (PMV) ceuld be diagnosed by the presence
of green mottle on leaves without distortion and absence of
symptoms on fruits and gtems. "Papaya bunchy top® caused by
a mycoplasma~-tike organigms could be diagnosed on the basis

of the sbsence of latex flow from wounds made on field

papaya plants.

Bhaskar {1983) reported a gerious aphid<transmitted
mosaic digease of papaya from Kanpur asrea of Uttar Pradesh.
Papaya seedlings inoculated with mosalc through aphid vectors
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developed dark green spots and elongated stresks which

looked like water~sosked areas on the leaf laminae. When
the disease was sewvere, the plants showed profuse mottling
apd puckering and became stuntéd. The petioles and stems

were also.infected.

In an interestingly titled paper, Rezende (1984)
wondered whether "papaw mosaic" or' "papaw ringspot“ depicted
the disease better in Brazil and choose "o apaw mosaic"
since the disgease symptoms wa.'ce generally mosale on
plants of all ages, the * ringspot" develop.tng later on the
frults. '

Yeh e:;. al. (1984) described the symptoms produced
by different isolates of PRSV on a papaya cultivar,
Kapohosolo. The Taiwan 1solates Sus=mm, Su-sm and Su=smn
manifested mild mottling, severe mottling and severe mottling
aésoc:lated with systemic necrosis and wilting respectively,
while T=Chen and T«Wang respectively induced mottling and
mosaic symptoms. The Hawalian isolates of PRSV viz., HA
and HB exhibited mosale and . .leaf distortion symptoms. While
th§ Florida isolate F-340 and Ecuador isolate EO were
reported to produce m_psaic and shoesfringing symptéms-
Further all these isolates were observed to cause water-
soaked stréaks on the s: fem and extreme retardation of plant
'growth. In winter months, all isolates,‘. except Su-mm caused
seve,r‘e distortion and shoestringing symptoms.
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- Sysan John (1988) made detalled investigations on
a sap and aphid transmissible mosaic disease of papaya
ocourring in Andhra Pradesh. Based on symptomatology,
transmigsion, bpst'iéhge. physical properties and serology,
the vimuévcausiné mﬁsaic diséase of papaya in Aﬁdﬁra'?radesh
was idénéified as 'papaia ringspot virus® (PRSVYg,‘PRéV
incideﬁée:varied ffqm 70 to 90 per cent. The disease was
characterised by well marked mos;ic{ followed by reduction
in size and distortion of foliage. Symptoms like vein-
clearing, chlorotic spots and cghlorotic rings were also
evident on infected leaves. The stem possessed dark green
oily-spats and streaks. On the fruits of infected plants,

circular, concentric, water=sozked rings were present.

2.4

The in¢itant of papaya ringspot disease reported
under different names has beén claimed to bring sbout a wide
range of deviations in the physiology and biochemistry of
infected host.

' Sirigh (197ﬁb) studied the oxygen uptake of papaya
leafes infected with "papaya leaf reduction virus® (PLRV)
and observetl an increase in respirastion eight days efter.
virus inoculation. Regpiration increased.after tenth and
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thirteenth days in infected and healthy leaves respectively,
after which oxygen consumption being decreased in both, but
moxe rapidly in healthy leaves. The virus was detected in
inoculated plants on seventh day and reaching maximum
concentration by twelfth day. He attributed initially higher
rate of réspiration to the entry of virus particles into
cells and resultant sex;espence- In his further studies

( Singh, 19722, 1973) on the effects of PLRV in the peroxidase
and catalase and on the total nitrogen and carbohydrate
content of infected leaves; he noted that PLRV-infected leaves
to gshow increased activity of pert;\xidase and catalase amd
their maxi mum activity coinciding with maximum virus titre
(Singh, 1972a); and total nitrogen comtent being increased
throughout disease development, while reducing sugars, -
non=reduclng sugars and starch contents declining as compared
to healthy leaves (Singh, 1973). *Papsya distortion mosalc
virug" (PDMW) has been reported to increase peroxidase
activity of infected leaves by 39.5 per cent in 9 days after
virus inoculation, decreasing to the normal level in 15 days
(Banarjee ¢t ale., 1976). In thelr analyses of PRSV~ infected
leaves (showing line pattern), Mathur andShukla (1977)
observed an increase in the concentrations of amino acids
like alanine, argenine, glycine, proline and gerine, on the
other hand leucine e;nd valine were decreased. Glycine and
serine increased by two folds and alanine by about three folds.
Singh gt agl. (1977) reported destruction of
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chlorophyll a and b in pepaya leaves infected by an aphid -
borne mosalc virus. They recorded sighificant reduction in
the amounts of total chlorophyll, chlorophyll a amd
chlorophyll b by 56.71, 41.33 and 85.3 per cent respectively
in infected leaves &s compared to healthy ones. Singh gt al.
{1979) reported that " papaya leaf reduction virus® (PLRV)
reduced the rate of hill reaction, gross dry matter production,
chlorophyll and carbohydrate contemts in papaya leaves,
but increased the respirstory activity. The reductions were
. more pmon&unced in chlorotic than dark areas of the leaves
showing mosalc symptons. P"Papaya ringspot mosaic virus"
(PRMV) prevalent on papaya in South China has been found to
cause reduction in chlorophyll and protein contents by 20.30
and 41.7 resgpectively, asSOQLated with a decrsase in the
activities of RUBP-ase (68 per cent), PEP-ase (46 per cent),
malic enzyme and malste dehydrogenase in the infected leaves
(sun Guchou, 1985).

2.5 Histopathology

Chatterji (1943) obgerved seversl histological
abnormalities in the root, stem, petlole and leaf of a papaya
plant infected with " leaf deformation digease". Varlous
histological abrormalities induced by the di sease included
degeneration of chloroplasts, latiferous cells and

dégeneration associated with necrosis of phloem and
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hypertrophy _and hvperplésia. of latex, phloem and mesophyll
cells.. Thickening and distortion of leaves, production
of many secondary longexr veins were attrlbuted to hypertrophy
and hyperplasia of the infected cells. Hypoplasia was
shown mainly in the dwarfed and gtunted plants. Herold
and Weibel (1962) in their electron-microscopic
demonstration using papaya leaves infected with PRSV, have
observed chloroplasts of infected tissues %o contain only
few starch gralns or none and in heavily infected cells
chloroplests being often 'I;ot.al,,:ly destroyed. Singh (1971a)
,, ipves-!:;lga'hed anatomi.cal qh_aqges‘of leaves infected with
"papaya leaf reduction virus® (PLRV) and reported that in
PLRVeinfected leaf, the palisade layers and spongy cells were
smaller, contalned fewer and 'smaller qh;.propl‘as'&.s, had
broad intercellular spaces and were deformed. Mathur and
shukla (1979) observed a varlety of de.\zi_ati'on.s in the
histelogy of papaya leaves infected by PRSV. Alterations
were quite distinect and varied with symptom expressions like
ringspot and line pattern, blistep.tné ai;d distox;tion. In
the ringspot and ‘1ine pattern, the gellé of upber a‘nd lowar

_epidermis were deformed; in blisters the cells of upper
epidermis were enlarged twice the normal size, but those

of lower epidermis aPPeared shrunken and distorted, while in
the leaves showing distortion, the oells of upper epiderm:i.s
exhibited pronoynced shrinkage, contrary to this, cells of
lower epldermls were g,re,afly énla_r;ged and, lost their
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individuality. Palisade cells were reduced in size and
contained more chloreplasts in sections cut through
ringspot and line pattern symptem, but they were increased
in size and contained more chloroplasts which stained
heavily, while in sections through distorted leaf, palisade
cells were énla:{ged and distorted heavily beyond 'x'ecognition-
Cells of spongy parenchyma were enlarged and deformed in all
the types of symptéms with {Smaller intercullular spaces in
the ringspot and line pattern, while in distortion symptom,
exhibited enlargement and contained more chloroplasts.
Vascular bundles were found badly dsmaged and distorted.
The_Talwan igolate of "papaya ringspot virus® (PRSV) was
reported to be responsible for degneration of ‘chlorbplasts
in young infected leaves. The abnormal rounding and
development of numerous vgsicles were evident in mature
mesophyll cells. DMNucleus though apparently normal, was not
centrally locatéd in the ¢ell (Chen, 1984).

. 246 Iransmigsion ¢
2.661 Mechanica.‘v_. and_other modes of transmisgion

Parris (1938) while working with a new virus
8isease of papaya in Hawall observed more than 75 per cent
increase in the mechanical transmission of the disease when
carborundum was used as an -asbrasive. Symptoms were evident

on test papaya seedlings within 16 to 21 days after virus

inocul ation.
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The Puefto Rican mosalc disease of papaya caused
by a gap ard aphid transmissible virus was reported to be
readily transmitted from papaya to papaya by "pin-puncture®,
"rubbing of infective sap with carborundum® and®grafting®.
The success of transmisgion was 37.93 per cent 1n‘case of
*pin~puncture® and B2.14 per cent in case of "rubi:ing of
infective sap with carborundum®. Plants inoculated either
by "pin-puncture®” or "rubbing of infective sap with
carborundum® developed symptoms within 8 to 15 days after
inoculation, while grafted plants took 2 to 3 weeks
(Adsuar, 1947a).

Capoor and Varma (1948, 1958) tested different
inocul ation techniques to transmit an aphid transmissible
mosaic disease of papaya. Sap inoculation using carborundum
as an sbrasive gave highest percentage‘.of transmission and
the disease symptoms also appeared little earlier than in
those plants which were inoculated without an-abrasive. They
also reported disease to be transmitted by “wedge-grafting®
and "budding"‘- The percentage transmission recorded for
wedge grafting and budding was 72.3 and 100.0 respectively.
In mechanical julce inoculation, the symptoms of the disease
were visualised in i5 to 26 days after inoculation, whereas
‘in wedge-grafted and budded plants symptoms appeared 35 to
70 days after iriooulstion. ' ’
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. Conover (1962, 1964a,b) described three virus
digeases of papaya viz., "mild mogalc virus®(Mw),
%distortion ringspot virus®(DRV) and "faint mottle ringspot
virus® (FMRV) from Florida (USA). DRV and FMRV has been
considered to be clogely related,but digtinct strains of the
game virus being'aphid-transmitted; while MW being non-aphid
transmissible, ConOVEQ (1964a,b) reported that all the three
viruses were readily transmitta& by rubbing juice expressed
ﬁmduuwduwaqﬂomwaogmamymmu&rm
results of transmission tests indicated that, though the
mature plgnis'wese.readilv infected by leaf-rubbing method
with julce expréssed from DRV infected plants, the highest
percentage of transmission by DRV ocgurred when cotyledons
of papaya seédling were inocul ated before the true leaf was
expanded. Mature plants showed symptoms 3 to 4 weeks after
inﬁculation with DRV. Plants inoculated in thelr cotyledon
stage developed symptoms within 5 to 8 days during summer
months. Thoge intervalgs however, were, congiderably

longer in cool weather.

Ihe.Venezuelan isolate of PRSV has been reported to
be readlly transmitted by mechanig¢al sap-inoculation and
through aphié vector from‘papaya to papaya and to other
test hosts. The first typical symptoms of the PRSV were
evidént 3 to 4 weeks after inoculation(Herold and Weibel,
1962) . ‘
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Garga (1963) described a graft and aphid )
transmissible virus disease of papaya from Madhya-Pradesh.
The virus causing extremé reduction and marked distortion
of papaya leaves in Madhya Pradesh have not been found
gsap-transmissible; the disease being successfully
transmissible to healthy plants by wedge~grafting. When
sclons from diseased plants were wedge-grafted onto
healthy stogks, typlcal symptoms of the disease appeared on
the gtocks in about 6 to 8 weeks.

The Hawalian papaya mosaic digease described by
Ishii and Holtzmann (1963) have been reported to be readily
transmittéd by both mechanical sap inocul ation and aphid
vector;,. Experimental inoculations were made on papaya
plents (cve Solo) varied in age from 3 weeks to 4 months.
Mechanlical inoculations were made on lower 3 to 4 fully
éxpanded leaves previously dusted with carborundum, by
using cotton=tipped swabs dipped in clarified expressed sap
from digeased leaves. In mechanically inoculated plants,
symptoms normally appeared in 18 to 24 days after inoculation
with an usual transmissioq ranging between 70 and 80 per cent.

In his host range studies on two papaya viruses
viz., "mild mosalc® (MW) and " distortion ringspot® (DRV),
de Bokx (1965) made mechankcal inoculations on papaya and other
host gpecies by dusting=-over with carborundum and then rubbed
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with crude, undiluted sap obtained from infected papaya
leaves. 8Six weeks old papaya plants inoculated with sap
from DRV-infected plants showed symptoms 4 weeks later,
while thoge inoculated with MMV showed symptoms 15 to 20
days after inoculation.

In thelr studies on ultramicroscopldc differences

in inclusions of PW and PRSV, Zettler of k- (1968) carried
out all mechanical inoculations by dusting test plants with
600 mesh carborundum and rubbing them with a sterile cheese
cloth pad dipped into water~diluted sap from infected papaya

leavesg.

 According te Story and Halliwell (1969), the
Dominican Republic isolate of DRV was mechanicallytransmitted
to ﬁeélthy papaya plantsg bx sap inoculation. Symptoms appeared
afterld to I7 days in plantsg in the 7 to 10 leaf stage.
Plants in 3 to 5 leaf stage and plants older than 4:months
required 20 to 25 days for symptoms to appear. The virus
was tranesmitted from infected roots, fruit and leaves, but

not from the latex.

Papaya leaf reduction virus (PLRV) was readily
transmitted by mechanical sap inoculation and by aphid
vectoi, but not by root inoculastions(Singh, 1969a). Further,
singh (1972b) tested different mechanical root inoculation
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methods. 1.e. (1) Pineprick, (2) submerging injured roots

in inoculum for 2 hours and (3) submerging intact réots

in inoculum for 2 hours, to transmit ® papaya mosaic virus"
(PMV) earlier reported by -him (Singh, 1969b) from

Gorakhpur area. It was observed that papaya plants
inocul abed ‘using expressed sap by "pin~prick® methed showed
higher rate of transmission (40 per cent) with earlier
symptoms ( 8 to 12 days after inoculation), than those
inoculated by second method. (25 per gent transmission)

with delayed symptom davelopment (10 to 15 days), while those
inocul ated bf third method digplayed symptoms 20 days after

1noéulaﬁion w&thla rate of transmigsion ag low as 6.6 per cent.

_Three viryses designated as “chlorotic lesion'
virus® (CLV), ®"chlorotic ringspot virus®(CRV) and "necrotic
lesion virus" (NLV) zesponsiblé for decline of §apaya trees
in East Africa were found to be readily transmitted by
grafting and by mechanical sap inoculation. Inoéulations
carried out using infective sap diluted in 0.0l M phosphate
buffer (pH 8.5) had reshlted in the production of maximum
number of lesions on Chenopodlum ‘quinea and subsequently the
same was used ioutinely‘for virus extraction and purification
(Kulkarni, 1970).
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An aphid transmissible mosaic digease of papaya
wag easily $rensmitted by mechanical inoculation using sap
extracted and diluted in distilled water. In experimental
txansmigelongs: symptoms on 4 months old gseadlings appeared
after about 2 weeks of virus inoculastion(Varma, 1971).

Cook and Milbrath (1971) effected the transmission
of PRSV and PMV fyom papaya to papayé and to other hosts,
using infected .gap expressed either in water or 0.1 M
phosphate buffer (pH 7.0) with 0.1 per cent sodium
diethyldithiocarbimate snd rubbed with carborundum on the

leaveg of various test plantg.

: " In experiments of mechanical transmigsion to papaye
plants, SancheZ de Luque and Martinez Lopez (1976a,b,1977)
obgserved that the blological activity of PRSV was shown to be
congerved wi'a'h;n a brOaé range of concentrations and pH of
phosphate buffer. In their successive trisls of inoculum
suspension, a coricentrstion of D.1 M phogphate buffer (pH 7.0)
wag choesen, because thcra was Jess fluctuation when one gram
of tissue was suspended 1n 2 ml of huffer.

The * papays ringspot virus "(PRSV) and "papaya
mosalc virus® (PMV) from Wdaipur, Rajassthan were Yeported to
be eagily transmitted to healthy papaya and other host plants
by mechanical gap iroculation, using carborundum as an
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abragive. Inoculum was prepared by'maceratiné infected
papaya leaves with sterile mortar and pestle witn C.1l M
neutral phosphate buffer (Sureka gt al., 1977).

"Papaya ringspot virus" reported from Mazathwada
region of Maharashtrs State by Yemewar and Mali (1980)
was readily transmitted by sap inoculation and also be aphid
vector. Sap was extracted by macerating infected lesves in
a cold 0.1 M phosphate buffer (pH 7.0) contéining C.1 per
cent sodium diethyldithiocarbamate. All sap inoctlaiions
were made by conventional leaf«rub method using caerberundum
BOO mesh as an abrasive.

The identificatlon of viruses lsolated focm papaya
in Mgeria was accomplished by insect transmission, grafting
and by mechanical sap imoculations. Diseased leaves of
papaya, gfound in 1:1 mixture of 0.01 M phosphate kufier
(pH 7.2) and 0.1 per cent sbdiuﬁ diethyldithiocarbamate
served as inocula. The resulting inocula were then rubbed
An leaves of test plants using celite or carborundum &3 an
abrasive (Lana, 1980).

In Sri Lanka, Rajapakse and Herath (1981, 1332)
{dentified three virus diseases of papaya viz.,%papaya
ringspot wirus" (PRSV),"papaya mosalc virus" (PMV) anc
"papaya leaf curl virus" (PLCV) by mechanical sap inocilation,
vector transmission and host range studies. In all pechanical
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transmisaions. tnfected ‘sap extracted in 0.01 M phosphate
" buffer; pH 7+2 (1i1 WA)) was rubbed on the leaves of host
plants using chareoal poader or oarberundm as an . ‘

' abrasive-.’ '

Barbosa and Pagulo ( 1982a,b) has reported that the
Brazilian isolate of PRSV belng readily transmitted by
"mechaﬁicial sap 1lnoculation and by aphid vectors. Méchanical
imculations on %est plants were effected by conventional
leaf-rub méthod with sep extracted and diluted (189) in
 g1the¥ Ol M(pH 7.0) o3 0+ M (pH 7:0) phosphate buffer
: sontaining 1.0 per i;’ent' celite.

Bhaskar {1983) in his ¢onfirmatory studies on the
etiology. of pepaya moselc occurring inm Kenpur area of Uttar
Pradesh, reported that the virus i_:phld be ﬁansrhit‘;:ed through
‘gap and aphid vectors. He found that the infectivity of the
leué_ to be ingreaseé when sap was extractéd in 0.1 M
phogphate buffer. '

‘de 1a Rosa and Lastra (1983) were successful in
transmﬂ;ting Vene#uelan isolate of PRSV from papaya to
papaya and other indicator hosts by conventional leaf~rub
"methed with sap éxtréb:ﬁad '3:.1'1.6.1 M potassi_um phospi:ate buffer
“(pH T.5) eéontaintng 1.0 per- éent potassium ﬁi'suicate-
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Hogt range studies of 9 isolates of papaya
ringspot virus and 3 igolates of watermelon mosalc virug=l
were repprted %o be accomplished by conventional leaf-rub
method using sap of individual isolates extfacted in 0.01 M
potagsium phosphate buffer (pH 7.0).600 mesh carborundum
was used as an abrasive (Yeh gt al., 1984).

2.6.2 Aphid transmigsion and virus-vector relationghip

and _ecology

A number of gtudies have been conducted on the aphid
species responsible for the transmlssion of papaya virus

diseases.

Adsuar (1947b) reported the transmission of "papaya
mosaic virus® in Puerto Rico by the green ¢itrus aphid,
Aphis spiraecola. Positive transmissions were obtained to the

extent of 45.4% per cent with A. gpiraecola when fed on
diseased papaya leaves for peziods of time varying from 8
minutes to 1 hour. Both nymphs and winged adults transmitted
the disease with equal ease. Later, Adsuar (1947c)
demongtrated that A. gpiraecola to retain the virus the first
3 hours but failed to infect a second lot of plants after that
time.
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Capoor and Varma (1948, 19%8) reported that a
papaya mosalc digease was readily transmitted by six species

of aphids viz., Myzug percicse (80.0 per cent), Aphis malvae
(66.66 per cent), A. gogsypii (47.05 per cent), A. medicaginig
(35.71 per cent); Aphis sp., from Euphorbia hirta (26.66 per
cent); and Macrosiphum gonchi (2,1.‘42 per cent). Negative
transmisgiong were obtained with Aphis neril, Pentalonia
nigronervogs and Toxoptera citricigius~ of —various aphid
species transmitting the disease, M. w was proved to
be the most efficient vector of the yirus. In geriasl transfer
tests involving viruleferous M. pergicae and A. gogsypii to

3 to 5 healthy papaya plants, it was shown that M. pergsicae
was able to infect 3 out of 10 plants of the second geries,
but A. gossypif did not infect any plant after 1t had fed on
the firgt set of healthy plants, indicating tl_:e_ non-persistent
type of trangmission. '

In Hawall, Jensen (1949a,b) carried out a series
of aphld trangmission tests to establish the virus and vector
relationship for Mringspot® disease of papaya. Positive
non-persistent trangmission of the virus was obtained with
six aphid species viz., Myzus persicae {51 per cent),
Aphis medicaginis (45 per cent), A. rumicis (37.66 per cent)
A- gossypii (33.33 per cent), Macrosiphun solandfolli ( 25
per cent) and Micromyzus formosanus (14 per gent). -Md:j.‘hional
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4!10?1 failed to transmit the disease
gpedas ap?”’ Jtophora sonchi, Rhopalosiphum pseudobrassicae
1n01“ded /&, M. pergicae was found to acquire the virus
and ;Jquisi‘bion feeding time of 2 minutes and infected
}‘f;Y'Plan‘hs in an Inoculation feeding time of 5 minutes.
ilere’ was no demeristratsble latent perlod of the virus in the

aphid vector and the virus was not retained by the vector

for inogul ation of a second %est plant sexies. Groups of

150 to 200 M. ggm_ e induced infection of 100 per cent of
the test plants after transfer from trees showing disease
symptoms for only 10 days, while similar number of aphids
transmitted the disease to 53 per cent of the test plants
after transfer from trees which had been diseased .for 3 months,
indicating a decline in virus titre in old infected leaves
availsble for aplid transmission. M. persicas failed to
transmit ringspot virus from infected fruits (Jensen, 1949b).
The #iret evidence of the disease in the plants inoculated
with 'ifingspot virus by means of MyZus persicae was puckering
or buiging of‘leaveslbetwelcn the secondary veins and veinlets
on the gpﬁer surface 6f {(ouﬁg leaves. A tendency to roll
downward and inward was also evident on the margins and

distal' polnt of leaves: Primary follage symptoms usually
appeared in from 9 to 21 days after infection. Plants making
rapid and vigorous growth typlcally expressed symptoms in 9

to 14 days when inoculated by M. pergicae. ©n the other hand,
plants showing retarded and lanky growth at the time of
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Gabrovska et als(1967) in Cuba, reported the
transmission of " papaya mosalc virus®™ with Aphis gossypii,

‘A. craceivors, A. illinoigensis, A. nerii, A. gpiraecols,

Myzus persicae, Bhodobium porosum, Rhopalosiphum maidis and
Acyrthosiphon pisum. They concluded that A. gossypii was
major summer vector and M. pergicae was the major winter

vector:

Zettler gt al. (1968) conducted transmission studies
on "mild mesaic virus" (MMV) and "distortion ringspot virus®
" (DRV) of papaya wifh two specles of aphids viz., Aphis
"gragcivora and Myzus persicae using papaya and snapdragon
as the gource and test plant for MMV and papaya and pumpkin
as the source and test plants for DRV. MNon=viruleferous
aphids were starved for 6 hours and the transmission was
effected following an acquisition and inoculation feeding
periods of 1 minute and 12 to 24 hours respectively. The
results of this study indicated that only M. persicae was
able %0 transmit DRV in a non-persistent manner from papaya
to pumpkin, pumpkin to papaya and pumpkin to pumpk':!.n; but
not from papaya to papaya. MMV was -found to be non-aphid-
borne. A. craccivora feiled to transmit DRV.

Transmission of two apparently related virus
digeases of papaya viz., "distortion mosalc virus"™ (DMV) and
#papaya mosaic wvirus® (PW) ococurring in Puerto Rico was



59

1

investigated by Schaefurs (1969). In these studies 13

species of aphids viz., Aphis creccivora, A. perii, A. gossypii,

A. illinoisensis, A+ spirgecola, Carolinala cyperi, Dactynotus

ambrosia_e,— H-!Bergg_l!zus légtuoae. w'ﬁrsieae, Rhopal ogi phum
dis, B. pymphsese, Sirha flava and Toxopotera aurantize

were investigated as potential vectors of one or both

viruses. The acquisition feeding period in different tests

was 1 minute or less, 5,30 or 60 minutes. Where 1 or 5 minutes

access feeds were utilized, the aphids were subjected to 1
to 2 hour pre-acquisition fasting. The minimum inoculation
feed period allowed was 1 hours:» The number of aphids per
test plant, among various tests ranging from % to 50, 10
being the most commonly used number. ‘The Yesults of this
study confirmed the capability of aphid species, viz.,
Aphis peril. A gpsavodi, A- splraecols and Myzyg persicae
as vectors of both DMV and PMV. In terms of efflclency of
transmiss‘ion.'g_-i_- persicae appeared to be most efficient. In
addition, the specles, Cerolinsia ¢yperi, and Dactynotus
ambrogise were found to be efficient vectors of DW. No
transmission occurred with A. epaccivora, A. illinoigensis,

Hyperomyzus lactucae, Rhopalosiphum maidis, R. haeae,
Toxoptera gurantise and Siphg flava. The time from aphid

inoculation to early symptom development was between 10 and
14 days, '
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Marin (1969) from Venezuela reported, Aphis nerii
ds a new vector of "distortion ringspot virus" (DRV) of
papaya. Adult aphids of A. nerii were observed to be most
numerous during May to June and December to January and their
£flight was shown to be less frequent during the hottest
period of the day.

Papaya leaf reduction virug (PLRV) was reported to
be readily transmitied by the aphid vector, Myzug persicae
but not by Aphig gosgypii, A. malvae, Bhovalosiphum maidis
and Bemisia tabaci ( Singh, 1969a). In an other investigation,
he (Singh, 1971¢) studied the vector relationship of PLRV
using Myzus pergicae. The results of transmission tests have
indicated that the percentage infection increased with
increase in the number of aphids { M. persicae) and maximum
infection (100 per cent) was achieved with 10 aphids per
plant. Pree-acquisition fasting was found teo increasé the
efficiency of M. persicae and maximum infection (100 per cent)
was recorded with 4 hours fasting and ags it increased beyond
4 hoursg the efficiency showed decreasse. Transmission
efficlency of M. porgicee was also found to increase with an
increase in the acquisition feeding time and it was highest
(90 per cent) at an acquisition feeding period of 1% minutes.
Similarly, an increase inoculation feeding time was also
obgerved t6 increase the infectivity by M. pergicse and it
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was maximum (100 per cent) with inoculation feeding periods -
of 15, 20, 25 and 30 minutes (Singh, 1971¢). A "mogalc
digsease® of papaya from Gorakhpur region of Utter Pradesh
has also been reported to be resdily transmitted by three
species of aphlds, Myzug pergicase, Aphig gogsypii and

A. malvae in a non-pergistent manner ( Sihgh, 1969b).
Subgequently, detalled investigations carried out by him
{singh, 1972c) on the. relationghip of ®"papaya mogaic
virus® (PMV) and A. gossypii, showed that A. gogsypii lost
PMV more rapidly as it falled to produce infection on more
than one plant In-a éerj.eé indicaﬂng a npne-persistent

manner ei-‘ transmisgion. Pre-acquisition starvation increased
the efficiency of the vector as the maximum infection (7%

‘per cent) was obtained after 1 hour pre-acquisition starvation
and as it increased beyond 1 hour the efficiency of

A. gossypil showed a progressive decline. Transmission
efficiency of A. gossypii was found %o enhance with a
prOgressive ineq:ease in the &scquisition feeding +time and
1t was maximum (75 per cent) at an acquisition feeding
time of 15 minutes and showed a progréssive decline w;t'h
acquisition feeding times that were beyond 15 mirutes.
similarly, increase in inoculation feeding time on test
plantg, was algo found to increase the efficieney of
A gossypli and 1% was highest (75 per cent) at an inoculation
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feeding time of 15 minutes. Infection increased with the

- increase in number of 'a;ih'i.c!s per teést p'.lantj, ’ ,a;s;_hh;e‘_n_naximmn_
‘Lnféction (75 per cent) was obtained with 10 apterous adults
per plant. Minimum inoculation and acquisition thyeshold
periods were found to be % and 1 minutes respedtivély‘a
Apterous adults of A. gogsypii were efficient vectors of
PMV than nymphs and alate adults ( Singh, 1972¢) .

" Khurana and Bhargava (1971) tested seéven aphid
species for their ébility to transmit three virus diseases
of papaya i.e. "mild mosalc virus® (MMV)," distortion
ringspot virus® (DRV) and " ringspot virus™ (RsV). Mild
mosale virus (MMV) wes trahsmitted by Aphis craccivera
(30-per cent). A gosaypli (90 per cent) and Myzus '
gerggéae (90 per cent). Distortion ringspot virus {(DRV)
‘was’ transmitted by f\__ nerti (30 per cent), Lipahis
pseudobrassicae (40 per cent) and M. persicase (80 per cent),
while r‘ingspof viru‘s'(-RSV) was. trangmitted only by M.
persicae (90 pexr cent). Negative/* transmission was obtained
‘with Longlunguis sacehard, Rhopslosiphum msidis“and Aphis
‘craccivora. A. nerif and'llaipaphi‘s ‘pseudobrassicae we#e'

recorded as new vectors.

~ Higa and Namba (1971) in Hawali, studied the
vec'horé 'o,f "papaya mosaic® (PMV). The results of these
transmission tests showed that PMV was readily transmitted
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to _test papaya plants by four species of aphids viz.,
Rhopalosiphum maidis (53 per cent), Macrogiphum euphorbiae
(20 per cent), Aphis gossypii (81.25 per cent) and

A, graccivora (6.66 per cent). No transmission oéecurred

with Hyperomyzug lactucge.

Namba and Higa (1972, 1975, 1977) extensively
worked out PMV transmissiori by Myzug persicae. The results
of host gusceptibility tests have indicated that cultivars
differed in their susceptibility to PMV when transmission

was carried through viruleferous aphids of M. pergicae.
Cucumber cultlvars, Lehua 64Al and 70-A-68 were found to

be more gusceptible than Colorado Long. Similarly, papaya
cultivar, Line-8 was more susceptible than Waimanalo Solo
and'Kapoho Solo cultivars of papaya (Namba and Higa, 1972).
With subsequent pre-acquisition fasting periocds (that were
grouped into 10 minutes increments ranging from 31-40 to
121150 minutes), M. pergjcae were allowed one probe lasting
anything between 1O to 30 'seconds on infected plants before
being trangferred to healthy pspaya or cucumber and left
for 30 minutes, the aphid displayed a pesk iransmission
efficlency of 45.5 per cent after fasting for 31 to 40 minutes
which stepped down to an average value of 39.2 per cent in
cagse where fasting lasted for 41 to 100 minutes and touched
its lowest value of 28.7 per cent when the aphids were
fasted for 121 to 130 minutes. The maximum pumber of probes
(78.1 per cent) were recorded after 121 to 130 minutes
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fasting. The least number of acquisition probes, on the
other hand (53.% per cent) were digplayed when the aphids
were subjected to a preliminary fésting of 31 to 40 minutes
(Namba and H:lga.. 1975). Late instar spterae of M. persicae,
under controlled laboratory conditions, transmitted PMV

upto 7 hours after its acquisitlon. , However, the rate of
transmission dropped considerably after the first 30 minutes.
Further, there was no difference in the retention of

inocul ativity of PMV between aphids held at 25°C and 5°C
(Nemba and Miga, 1977).

A serious mosalc disease infecting several papaya
orchards in Haryana and Rajasthan was -proved to be readily
transmit’ted by five aphid specles, viZ., Myzus pergicae,
Aphis gossypij., A nez"u, Macr_osiphum gpe, and thpalosiphum
paidis in a non-persistent manner. Of these, M. persicae,

R. maidis and Macrosiphum sp., were found to be more efficient

vectors of papaya niosaic virus (Varma, 1971).

®Papaya ringspot virus®™ (PRSV) described by Sanchez
de Luque and Martinez Lopez (1976a,b) was reported to be
transmitted more efficiently by Myzus persicae than by means
of mochanical inoculation (Sanchez de Luque and Martinez
Lopez, 1976a,b, 1977). It was also reported that the
cotton aphid, Aphlg g_(_)ﬁm being mére prevalent in papaya
-growing areas than M. persicae, was also proved to be a
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in the non-a-persisteni manner ( Sanchez de Luque and
Martinez Lopez, 19763,1))

, % Papaya ringspot virus® (PRSV) described in
Marathwada region by Yemewar and Mali (1980) have been
reported to be readily transm:ltted by the ‘cotton aphid.
_gh_i__g_ gosszgii from papaya to papaya and to cucumber,
ashgourd, muékﬁxeloﬁ and pumpkin with Briéf probes of 50
to 60 seconds, thereby indicating a non= persistent manner
of transmission {Yemewar and Mali, 1980). The “papaya
ringspot viéus" (PRSV) 'reporieé -'fmrg Mar athwada region of
Maharashtra (Yemewar and Msli, 1980) have shccessfully been
demorigtrated to be transmitted from papaya to papaya with
five aphid sp'ec&eé_ viz., ﬁe’_hi_a_ craécivorg (32 per cent),
gg_gm;_:!,_(ﬁd- per ceént), A. perii (32 per cent),
Dactxnotus soncht {68 pex cent) end Myzus persicae (68 pexr
per cent) T aphid species viz., Lougiunguis gacchari and
Rhopalogiphum meldis have been prowed to be non-vectors of
the PRSY (Dake, 1986)- | | |

In NMigeria, a gtudy was made of the aphid
transmission of four virus isolates which wére isolated
from papeya vizs, "papaya mosaic virus® (PWV),"papaya
ringspot virus (PRSV), ®tobacce ringspot virus" (TRSV) and
a "graft transmissible yirus-like isolate®, employing five
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spéoieg of sphids viz., Aphis cracecivora, A. go;gxgi,

A. maidis, MyZus persicae and Toxoptera sursntise. The aphid
-gransmissibilih} teéts 'reveal,ed that the papaya ringspot virus
(PRSV), but not PMV, TRSV and a graft transmissible virus, was
readily tranamitted by Myzus pergicae (36.%8 per cent),

Aphisg gdssypii (7285 per 'cent),_g. craceivora {2.44 per cent),
A maidis (22.10 per cent) and Toxoptera gusantiae (32.55 per
cent) . Aphis gossypii was found to be the most efficient
vector of PRSV although, M. persicae was more prevalent in

papaya plantations (Lana, 1980).

Rajspakse and Herath (1981, 1962) tested different
species of aphids found in the vicinity of papaya gardons in
Srl Lanka as vectors of pspaya virus digeases viz.,"papays
mosalc virus"(PW), "papaya ringspot virus® (PRSV) and "papaya
leaf curl virug "(PLGV). PMV and PRSV, but not PLCV, have
been found to be aphid transmissible. PMV was proved to be
readlily transmitted by five species of aphids viz., Aphis
eraccivora (B0 per cent), A. gossypii (70 per cent), A. nerii
(40 per cent), A sgir;egol,a (33 per cent) and Myzus persicae
(100 per cent) but A. malvse, Lipaphis pseudobragsicase and
'_l‘oxgptera aurantiae were non-vectors of PW (Rajapakse and
Herath, 1981). Moreover, M. persicae, g._ 9.2531.2%!-.» A
graccivora and A. gplraecola were four;d to transmit both PW

and PRSV, nevertheless, A. nerii specif:!.cally transmitted only.
ETED
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PMV. Cent per cent disease trangmission was recorded in

case of PMV with M. pergicae and A. craccivora and with

A. gpiraecola in case of PRSV. Aphis cracci\;org transmitted
both PMV (100 per cent) and PRSV (91.66 per cent) efficiently.
Three aphid species viz., Aphis malvae, Lipaphlg pseudobragsicae
and Toxoptera surantiae were non-vectors of PW and PRSV
(Rajapakse and Herath, 1982). ‘

In Talwan,"papaya ringspot virus®(PRSV) was tested
for its aphid transmissibility. Six specles of aphids viz.,
Aphis gogsypil, A- wedicaalnis, A- neril, Myzus persicae,
Bhooalosiphun maldis and Sinomeqoura gitricola readily
transmitted PRSV in a non-persistent fashlon. Obtimtun
transmission by previously fasted M. persicae occurred with
an acuisition feeding time of 2 to B minutes. Infectivityof
M. persicae was lost after 2 hours of post-acquigition
fagting or after 20 minutes fasting on broccoli. Although,
a single aphid could transmit PRSV to papaya seedlings, a
high infective rate was achleved when 5 to 10 aphids wgre'
ugsed ( Wang, 1981).

| Barbosa and Paguio (1982a) in Brazil, identifled
the vausal virus involved in "papaya ringspot digease® as
PRSV-PE, a member of pbtyvii-us group, based on sympton'xatoj.ogy.
aphid transmissibility, host range and inclusion morphology.
They reported that PRSV-PE prevalent in Pernambuco, Brazil,
was readlly transmitted by Toxoptera citricidus and
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Bactvnotus sp-

Aphid t;ansmissihilif:y ‘of"papaya mogalc virus®
(PMV) prevalent in Kanpur area of Uttar ‘P;adesh, was
investigsted by Bhaskar (1983); his results indicated that -
PMV was readily trensmitted by Aphig -Qogavpil (66.66 per
cent), A, malvae (16.66 per cent), A gragcivors (30.00 per
cent)and Myzus persioge (66,66 per. cent). Apterous aphids
( A gossy pii) v'aex,.te _proved to be more efficient vectors of
PW than win:ged ones.

- [ D L L L™ e o om- R e

Transmission experiments conducted in net house,

- 4h Taichung, Taiwan, indicated that "papaya ringspot virus"

(PRSV) could be transmitted by grean pesch aphid, Myzug

ger'éicae and corn leaf sphid, Rhicpalosiphum maidis from

pépaya to papaya in a non-peisistent manner. '?RSV wés

transmitted in the laboratory by M. parsicae for 6 hours

after acquisition feeding and its infectivity was evident
' 2 weeks after inocylation ( Hwang and Hsieh, 1984).

At Punjab Agricubtural University, Ludhiana,

.. detalled investigations were undertaken by Cheema and
.Bed_dy‘ (1985q.b) ‘t.c‘ establish the .fel,a'b:l:onshii_)lpf 2 virus
causing "papaya mosale disease® (PW) and corn Ieaf aphid,
&Q.D.al.ai.phm waldis, which was earlier reported by them as

. a new and effigient vector of PMV (Cheema and Reddy, 198%a) .
The results ot; these investigations indiated that: the -
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ungtarved R. maildis transmitted the virus to the extent of
20 per cent; prewacquisition starvation, however, increased
the efficlienty of vector and maximum infection (60 per cent)
was obtained with 30 minutes pre-gcquisition starvation;
efficiency of the vector increased with the increased
acquisition access and it was highest (90 per cent) at an
acquisition feeding period of 15 minutes; infectivity by
R, maidig was found %o imcrease with an increase in the
inoculation feeding time and it was highest (70 per cent)
with an inoculation feeding time of 15 minutes; the
infectivity by R« maidis showed a progressive decrease after
the optimum pre-acquisition fasting (30 minutes), acquition
and inoculation feeding ( 15 minutes)times; the infection
being increased with the increase in number of aphids per
test plant and maximum infectlon was obtained with S apterous
sdults per plant; apterous and alate forms transmitted the
virus with the dame efficliency’s adults were more efficient
vectors than nymphs and é, maidis lost the virus more rapidly
after inoculating the flrst series of test piants indicating
a non-persistent manner of ﬁransmission (Cheema and Reddy,
. 1985Db) « |

, Aphid transmigsion tests conducted on "mosalc
diseas¢ of papaya® at Andhra Pradesh Agricultural University,
Hyderabsd, revealed that virus could be readily transmitted

_by two specles of aphids, Aphig gosgypii snd Brevecorype
brassicae in a nor-persistent manner to an extent of 50.0
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and 16.6 per cent respectively. Two aphid species viz.,
Aphis oraccivora and Dactynotus carthemi falled to transmit
the virus ( Susan John, 1985).

Hsieh and Hwang (1986) investigated some ecological
aspects of green peach aphid (GPA) transmitting "papaya
ringspot virus®” in Taiwan. Their investigationson host
plants of green peach aphid (Myzus persicae) showed that it
could survive and multiply on weeds such as Solanum nigrum,

Amaranthus mang ostanns, Altternan’ﬁhera sessglis. Ilysanthes

ggtigg_da‘_}:gut not on Carica papayva. The flight welocity of
Me persic¢ae was l.4 + 0.4 KM/hr. Observation on the

dispersal behaviour of M. pergigae indlcated that there was
no regular patitern, the aphld landed on the papaya plant
one hour after ¥elease and took off 1 hour later or stayed
over night before departure. The preference of aphid to
colour was as follow: Yellow ) orange ) green-' Seasonal
monitoring of alate aphids in papaya orchard showed that
M. persicae was the vector that occurred most consistently.
The ‘.popul-at‘ion of M. persicae initially appeared in
September to October of Qarm and dry season, reached the
peak in November or Decenber, and declined in January. Twe
density peaks in February and during April to May were
probably due to warm weather and spring migration. From
June to August were hot and rainy summer, the population
density of alate M. persicae declined to the lowest level.
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'The initial infectlon of papaya orchard perhaps was
transmitted by the viruleferous alate aphids, then the
papaya infected -with virus disease served asg the virus
source, during aphids migrating period, the papays ringspot
virus disease might -account for rapid spread in the papaya
‘orohaxd. . |

Beports on the occurrence of aphids on papaya and
on‘the crops grown in and around papaya plantations wquld
appear to be of pertinent 1nterest, particularly with
regapds to the feasibility of disease management through
ve‘cf‘or centrol- Ca'peor- 'an‘d Varma (1958) nated the absence
of aphids on papaya in Bombay Province. Irdia. Papaya has
been reported, to be a poor host for aphids in Cuba,
although mature al,ate of’ sevei_'al 5peoies.hava frequently
been observed on the host including A. cmaccivora, A. gossypii,
‘A- middletonii, A. g;raecola. Aulacarthum circumﬂex,

Bactvnotus anbrosiae, j zus ggrsio v Mo eughorbiae,
Protgghig 5P« Tezogterg au ;gg‘t;ae and Rbogalggignum
‘g_g_i‘g_s_.i. w Egz§ic§e often reached damaging proportions

| on papaya in Hawaii Holdaway and Look, 194); Look and
McAfee, 1944; Jensen, 1949b; Sherman snd Tamashiro, 1959).
égg._g_ gpiraecola has. been reported to ogscur o,ri papaya in

' Puerto Rico (Adsuar, 1947b; Wolcett, 1948, 1955) and in
sbundance on this host in Florida (Martorell and Adsuar,1952).
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. Aphis gossypil was of common occurrence on papaya in Hawali
(Holdaway and Look, 1941; Look and McAfee, 1944; Jensen,

1949b; Sherman and Tamaghiro, 1959), Florida (Martorell ard
Adguar, 19%2) and also on pepaya fruits in Venezuela

(Kralovic, 1967), but has not been observed to colonige

this host in Puerto Rico (Schaefera. 1969). Rhopal 0sd phum
fitchii has been observed to ococur in abudance on papaya in'
Florida (Martorell’and Aésuar. 1992). Look and McAfee

(1944) in Hawaii, noted the occurrence of two &dditional

aphid species viz., Aulacarthum circumflgx and Aphis middletonii

on papaya. Schaefers (1969) reported that he has

collected mature alate on papaya with some frequericy. The
aphid species collected by him include A. spiraecola, A.
gosevoil, A- geril and Aphig corgopsidis, with A. gpiraecols
being by far the most commonly collected species;. But he
falled to observe successful colenisation of papaya by

any of thege aphids in Puerto Rico. ‘ Recently,Wan and
Conover (1983) while surveying virus diseases of papaya in
Florida, noted the colonisation of papaya by whiteflles

and mites (Tetranychyug sp.), but not at all by aphids.
Subsequently, investigations made on host plants of green
peach aphid, Myzps persicse, a major vector of PRSV in
Taiwan, showed that M. pergicse could survive and multiply
on certain weed hosts, but not atb» all on Garicas papava
and alate aphids were proved to be responsible in spreading
PRSV during their migration (Hsieh and Hwang, 1986).
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Aphid trep collection studies carried out in
Florida by Wolfenbarger (1966) indicated that most of the
aphids were in flight in the months of January, February,
Maxch and Aprii, but fewest in the months of July, August
and September and that suffiocient aphlds appeared to be
present, however, to transmit pepaya viruses at all times.
Adult aphids of A. perii, a potential vecgtor of "distortion
ringspot virus" (DRV) of papaya were found to be most -
numerous during May, June, December and January and their
flight was shown to be less frequent during hottest period
of the day.

During the survey of "papaya mosalc disease" (PMV)
in Haryana and Rajasthan, Varma (1971) recorded 100 per cent
incidence of PMV, where, wheat and brassica crops were grown
in the vicinity of papaya orchards, but in one orchard where
berseem was grown as 1n¢ebgibp, the plants happened to be
free from PMV. He attributed high incldence of PMV in certaln
orchards to the aphids which bred on rose, wheat and brassica
being grown in the vicinity.

2.6.3  Seed trangggssiqn s

Many aphld<borne virus diseases of papaya displaying
symptoms similar to "papaya ringspot virus" (PRSV), but
described under different names and the "papaya ringspot
virus® in particular have not been reported to be seed-borne
in papaya. These include "mossic® diseases reported from

>
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erstwhile Bombay Province, India (Capoor and Varma, 1948,

(Singh, 1969b);. "distortion ringspot. virus" (Conover, .
1964a). and "faint mottle ringspot virus" (Conmover, 1964b)
from Florida; "paspaya decline viruses" from Eagt Africa
(Kulkarni ,1970) and " papaya ringspot virus" reported from
Florida (de Bokx, 1965) and from India (Yemewar and Mali,
1980; Susan John, 1985; Deke, 1986). |

2,644 Bollen transmission @

No information is avallable on the pollen
trangmission of papaya ringspot virus. However, three
viruses, namely "chlorotic lesion virus® (CLV), chlorotic
ringspot virus?® (cﬁv) and * necrotic lesion virus® (MNLV)
igolated f¥om papaya showing fleld decline symptoms in
East Africa having similarities in follar symptoms and
particle morphology (750 x 12 nm rods) to PRSV, were proved
to be pollen transmissible from papaya to papaya (Kulkarni,
1970) .

24645 Grafl tronsmissdon, ¢

Information in respect to graft transmission of
PRSV ig lacking in the literature surveyed. However, three
aphid transmissible mosalc diseases of papaya described and
reported from Puerto Rico (Adsuar, 1947a), erstwhile Bombay
Province of India (Capoor and Varma, 1948, 1958) and Madhya
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Pradesh of India (Ga:::gé, 1963) were reported to be graft
transmiggible.

... . . .é&dsuar (1947a) reported that Puerto Rican "papaya
mosaic virus” (PMV) was successfully transmitted from PMW/-
infected to' healthy seedlings 6f papaya, when pieces of
stem tissues from infected plants were grafted onto healthy
plants. Test plants inoculated by grafting showed symptoms

typical of PMV within 2 to 3 weeks after graft inoculation.

An aphid transmissible mosaic disease infecting
papaya in erstwhile Bombay Province, India, was reported to
be successfully' transmitted to healthy seedlings of papaya
by *"wedge-grafting®™, with a rate of transmission as high as
72.5 per cent. Typlcal gymptoms of PMV were evident on
grafted stocks within about 6 to 8 weeks after graft
inocul ation (Gapoor and Varma, 1948, 1958).

Garga (1963) reported that a serious aphid
transmissible "pepaya mosalc virus® (PMV), infecting papayas
in Msdhya Pradesh, was successfully transmitted from infected
:to healthy seedlings of papaya by ® wedge~grafting™, when
scions were wedge-grafted onto healthy stocks. Typical
symptoms of PMV appeared on the stocks in about 6 to 8

weeks after graft inoculation.
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2.6.6 - quzaﬂﬂism :

, _ Information in vespect ‘to dodder transmission of
PRSV is lacking in 'l:he 1:!.terature surveyed- A 'gingle
avalilablq, report by Garga (1963) from Medhya Pradesh

1nd1catéa that an abhid-b'orr'ze virus disease of papaya
displaying symptoms sim:uar to PRSV, could not be
-t.;-ansmitted from papaya to papaya through the agency of
dodder inspite of dgddar (Cuscuta sp.) had been well
established on both diseased and healthy plants of papaya.

2.7 ‘Hogh riangs -

Jensen (1949a) using aphid (M. persicae)
inocul ations reported that all the 16 plant species
repregenting 12 families viz., Commelina diffuga,
gpyophyllum chqxéinum, Beta vu;garis. Lactuca sativa,

Cucumis sat:lvus Brasg:ca hine@ig, Malvagtrum
gqromandeliagm, Mirabilis Jalapa, Crotalaria incana,

Pgsgifiorg'foetidg, ?s'gfordﬁi, Portulaca oleracea,
Cags:lc un frutescens, Lycopersicon esculentum, SOIanum

tubersoum and Nicotiana tabacum were non-hosts of the PRSV.

Capoor and Varma (19;8. 1958) using mechanical sap
inoculation tested 56 plant species in 15 families ard
reported 10 plants species belonging to Cucurbitaceae as
‘ hosts of a virus causing api:id transmitted papaya mosaic in
Bombay Province, India. The plant species in Cucurbitaceae
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included bottlegotird, cucumber, roundgourd, ridgegourd,
shakegourd, muskmelon, watermelon, pumpkin, squash and
vegetable marrow. However, bittergourd, ashgourd and
'spongegou:d wer¢ immune to the virus.

Of the 49 test plants in 21 species, only one test
plant has been reported to be the host of "papaya mosalc
disease®™ in Puerto Rico. Melothria gquadaleupensis was only
a sugceptible host and proved to be symptomless carrier of
the virus (Adsuar, 19_50).

Herold and Weibel {1962) observed mild mosalc
mottling and scattered pale green spots on the leaves of squash
(Gucurbita pepo var. Zuchini-Italian Vegetable Marraw) upon

mechanical inoculation of cotyledons with Venezuelan isolate
of papaya ringspot virus.

A graft and aphid transmissible yirus disease of
papaya from Medhya Pradesh had a restricted host ranmge to
Caricaceae. Plant spécies viz., Lycopersicon esculentum,
Nicotiana tabacum cv. White Burley, Datura innoxia, Solanum

melongena, Zinnia elegans, Luffa acutangula and Citrullus

lanatus were non~hosts of the virus (Garga, 1963).

Ishii and Holtzmann (1963), in Hawaii, have
indicated that host plants of papaya mosalc caused by PRSV
were species limited to the family Cucurbitaceae.
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These included: Cucumis melo var. reticulata, Cucumis sativus,
Cucurbita maxima, Cucurbita pepo and Gitrullus leanatus.
Cucumis sativus showed ‘only light to mild wosalc; Cucurbita

pepd, Cucurbita ﬂiaxin;‘a‘." Gucumi g melo var. reticulata and

Citrplids.'larga‘tﬁé showed mild to severe mosaic with scattered
grée'n bIisters iri"‘additidh' to leaf distortion. The average
1ncubatian period on Cucurbits was 12 days as ‘compared to 21
days’ on papaya. Plant specles that failed to show symptoms
weges gggggz_ggg_glgbcsga, y;_g__gg_gg_gg_, Impatiens balsamina,

Beta yulgaris, _Eg._g_qgi_._q_ oleracea, Zinnis elegans, - Rapha nus
sativus. Brassi.ca rapa, Momordica balsamina. Phaseblus

19 is var- hum.tlis. _igna s:lnensis. Nicotiana glutinosa,

N. rustica, N. 't,abactm, Petunia hyhrida and Apium graveolens

var. dulce-

Conovér {1964a,b) reported that the host range of.
all the three viruges (' DRV, FMRV, MWV) was restri¢ted only
to plant species beloriging to Caricaceae and Cucurbitaceae.
Hosts in Caricaceae, susceptible to MMV, DRV and FMRV
includeds Carica gauliflora, C. goudotiana, C. monoica.
Cariqa candaxqafeeﬁéis was susceptibie' only to MMV,

while C.' quercifoiia was immude to all the three viruses.

Non-cucurbitaceous hosts which were susceptible to MV,
DRV and FMRV included Cyclan‘hhera peda'ba and Melethria

pendul a, whereas, cucux:bitaceous hosts viz. » cucumber,
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,muskmelon, watermelon and summersquash were readily.
infected by DRV and FMRV, but. not by MW. Plants not
.suscepﬂble to MMV, DRV and FMRV were: ug zlindrica,

ordiga hg_r_antia, Ni otiana tahacum, N. tabacum x
J.utinosa. Phaseolus vulg is, Passiflora edulis £.

ﬂavacarga, Sicana oderifers and Vi’gna sit ngig.

~ de Bokx (1965) while studying mv and mv described
by Conover (1962, 1964a. b) reported that MWV was datected
'by means of local lesion hosts such as Gomphrena globosge;
Antirrhinun majus and Sessmun iidicun were systemic hosts, |
while \_{_:i_:__n_c_g_ x_:gggg and ‘Zinnia 'ale’g@s were- symptomless hosts

-of MMV. The systemic hosts of DRV were pumpkin

(Cucurbita pepg) cv. small sugar and squash (C. peps var.
‘melopepo), which exhibited mosatc symptoms 12 to. 15 days
after virus :‘lnoc‘ulatio.n. The non~hosts of DRV igolate were:
cucumber cv. Chicago pickling; watermelon cy. Stone Mountain;
.(‘z_'somp'hxéna glo_bo_’sa_, .Ql.zenogg_dhgn amaranticolor, and Cassia
occidenfalis- | Co;'ltra!r;r to anqvex;'s findings, squasﬁ |
(Cuc )3; 8 pepo var. melopepo)and pumpkin (g pg_gg) were the
only cuourbitaceous hosts of the DRV isolate ohserved in
this study by de Bokx.

With "papaya mosaic disease® (PMV) Namba and
Kewanishi (1966) found that papaya, cucumber and watermelon,

which were important hosts of the virus in Hawaii, were
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equally susceptible to PMV when transmitted by the green
peach aphid, Myzug persicae.

The susceptibility of different hosts to MWV and
DRV as confirmed by Conover (1962, 1964a) and de Bokx (1965)
was re-evaluated by Zsttler gt al.. (1968) through
differential aphid transmission and mechanical inoculation
using de Bokx's 4isolates.  These studies have indicated that
in addition to papaya, cucumber (Cugumis sativus ) cvs.

Chicago Pickling, National Pickling, A & G, Marketer and
Ohio MR 17; and watermelon (Git;ul.]:us lanatus ) ev. Stone

Mountain were susceptible to both MMV and DRV showing

systemic symptoms. The susceptibility of other cucurbitaceous
test hosts varied withh MMV and DRV isolates. Thus pumpkin
(Cucurbita pepo ) cvs. Small Sugar and Jack=O-Lantren; and
summersquash ( C. pepe var. melopepo)cvs. Early Prolific
Straightmeck and Yellow Prolific Straightneck were infected
systemically only by DRV, but not by MV. Similarly, muskmelon
(Cucumis melo) was found to be systemically infected by MMV

only. The non=cucurbitaceous hosts, Antirrhinum majus anél
Gomphrena globosa were susceptible only to MMV isolate and showed
systemic and local symptoms respectively. Their results

were in agreement with the findings of Conover (1962,

1964a,b) and de Bokx (1965) regarding the susceptibility

of pumpkin and summersquash to MUV and DRV, while results
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regarding the susceptibility of cucumber, watermelon

and muskmelon, however, failed to confirm the results of
either Conover (1962, 1964s,b) or de Bokx (1965), even
though same igolates were exgployed by all the investigatbrs.
In Conover's host range studies, cucumber, watermelon and
muskmelon were found to be rion-hogts of MMV, while in
de Bokx's studies, Chicago Pickling cultivar of ocucumber
and Stone Mountain cultivar of watermelon were not infected
by DRV.

Hogts of DRV igolate from Dominican Republic
determined by mechanical inoculation were found only in the
Cucurbitaceae and Caricaceae (Story and Halliwell, 1969).
Cucurbit hosts of the virus included pumpkin {cve Small
Sugar) and squash (cv. Early Prolific Straightneck). Hosts
within the Caricacese was the Sole variety of papaya. Plants
not infected by DRV were: muskmelon, watermelon, cucumber,
bushbean (Phaseolus vulgaris), tobacco, Gomphrena globosa,
Antirrhinum majus, Vinca rosea, Zinnia elegans and
Chenopodium smaranticolor. The insbility to infect cucumber,
muskmelon and watermelon with DRV was in disagreement with
the yeports by Conover (1964a), de Bokx (1965) and
Zoettler gt zl. (1968). Digagreement of Yesearchers in the
reported DRV cucurbit host range was partially attributed
to the differential susceptibility of these hostg when
inoculated and it was opined that the susceptibility of
cucurbits was. limited to seedling stage, particularly
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fust before ‘the _ éméré;enoe, o'ffth'e primary lesves. And it
wis supported by the fact that the DRV often failed to
infect pumpkin or squash when ingculated in thelr primary
leaf stages (Story and Halliwell, 1969)

\ " " ginigh (1969a,b): repow_:ted that the tlosf J.;angé of
PERV ‘and PMV (possibly solates of PRSV) wag restricted only
t6 the family Caricacese. Fifty six species of plants
belonging to 16 families ( Apocynaceae, Balsaminaoeae,
Caparidaceae, Ghenopodiaceae, Compositae, Convolvulaceae.
Cructferae, Gucurbitaceae, Ge:eaniaceae, Leguminosae, |
Malvaceae, Plantaginaeeae. Sohrophulariaceae, Solanaceae,
ard ‘Tropeolaceas), when separately inocul ated mechanically
wi.th these viruses, PLRV and PW could not infect any other
blan‘l:s than Carica E_EQI.'

Cook and Zettlex (1970) while screening 90 accessions
of g__:!,,ga, papavg received frem. different sources, using two
:;_.solates éach of PRSV and of PW o::igi_nated from Florida
and anézuelu‘; have not found any differential cultivar.

For instance, PRSV and PMV isolates from Florida have been
found ﬂ.nd?l.s‘t:;lpg\{ish&l;l&from their respective counterpart,
Venezuelan isolates in symptomatology in g papaya- ‘However,
they have been able to identify diagnostic plant specles for
PRSV and PMV. .For instance iaot,h the PRSV isolates
éystemicaiiy 1n£e;::ted Cucu'rbita peop cv. Small Sugar, but

neither of them infected g_. g_lobosa. Both the PMV isolates
failed to infeect C. pepo cv. Small Sugar, but.readily
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infected G, globosa and produced identical local lesions
on the inoculated leaves. Plants of Jacaratia mexicana
related to Carica species were apparentiv immune to PRSV
and were hypersensiﬁve to PMV.

Hogt range studies made on three viruses viz.,
CLV, CRV, and NLV igolated from papaya showing * field
decline symptoms® in East Africa showed that CLV, CRV when
malntained in papaya were found to infect Chenopodium
emaranticolor, C. guinca, Carica papaya and soybean. The
host plants susceptible only to NLV were: Antirrhinum majus
and groundnut. All the three viruses failed to infect
cucumber, muskmelon, waterﬁelon, wintersquash and pumpkin
apart from other species of plants (Kulkarni, 1970).

Cook and Milbrath (1971) attempted to verify the
identity of viruses infectuous to papaya grown in the
island of Oaphu, Hawall, and tc; determine possible gsources
of resistance and other additional diagnostic hosts of
these viruses. Their identification of "papaya ringspot
virus? (PRSV) was baged on systemic infection in Cugurbita
%Ego;.cv. Small Sugar and fallure to infect G. globoga,
while that of PMV was based on the production of necrotic

local lesions on G. globosa and Casgla ogcidentalis and

failure to produce symptoms on C. pepo cv. Small Sugar.
Nicotiana glutinosa and Datura stramonium were

insusceptible to both PRS(I and PW, while these hosts were
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. ) .. .. B4 . .. i
used as diagnostic hosts for the identification of "tomato
spotted wilt” (TSWY) infecting papaya: Plants of vicia faba,

Celosia plumosa were systemically infected, while that of
Ocimum bagilicum developed chlorotic rings on inoculated

. Ieaves following infection with PMV, but not at all by
PRSV. Chenopodium gmaranticolor was found to 'be infected by

both the viruses. Leaves of C. gmaranticolor inoculated with
PRSV developed red~bordered chlorotic local lesions easily
distinguishable from those caused by PMV. Plants of Carica
cauliflora, g.‘ go@otiana, C. monoics, C. papaya cv. Soloj

C. parviflora and C. pubescens were found susceptible, while
those of related Jagaratles gpinosa were immune te both PRSV
and PMW.

A Venezuelan isolate of PRSV described by Lopez
Pinto (1972) have been reported to infect Cucurbita pepo

and a weed host Melothr?a guadalupensis in addition to papaya.

In their extensive hogt range studies oriented
towards the identification of imdicator hosts of Colombian
" isolate of PRSV, Sanchez de Luque and Martinez Lopez
(1976b, 1977) falled to locete not even a single local
lesion hogt from ameng the 33 plant species belonging to
13 families ( Amaranthaceae, Caricaceae, Chenopodiaceae,

Convolvul aceae, Composgitae, Cucurbitaceae;' Euphorbi aceae,
Fabaceae, Hypercaceae, Leguminogae, Mimosaceae, Portulaceae
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and Solanaceae) tested as possible hosts. The systemic
hosts of PRSV were : Carica goudotiana, Citrullus lanatus,
Cucumis melo and Cucurbita pepo cvs. Senator and Small Sugar.
C. pepo cv. Small Sugar was found to be the most promising
plant to be used as a indicator host for PRSV diagnosig. For
systémi.c hosts not being worthy indicator plants of the virus,
they indicated that these hosts might play an important role
in the epidemiology of the disease, as they preserve the
virus in the absenc.e of papaya (Sanchez de Luque and Martinez
Lopez, 19ﬁ). None of the weeds studied was a host of the
virus. Cucumig gstivug, G+ dipsaceus, Cucurbita moschata,
Momofdica charantia, C. smaranticolor amd Cassia occidentalis

were hon-hosts-of PRSV in addi tion to several leguminous,

gsolanacedus and other test hosts.

| The host range of "papaya ringspot virus® (PRSV)
descnibed and reborted from Udaipur, India, include plant
species belonging to Garicaceae. Chenopodi sceae and
Cucurbitaceae. The virus induced chloeretiec local lesions
i surrounded by red-borde:cs in Cs amaranticolor; systemic

mesaic mott.ling in pumpkin (C. m.axi.m.a), squash (C. pepo)
ard vegetable marrow (C. pepo var. medullosa). The virus

failed to produce symptoms on cucurbitaceous hosts like
Cucumis melo, Citrullus lanatus, C. fistulosus. Lagenaria

sice_rariag Luffa a_autaggula and Tricosapthes 2anguina
(sureka gt al.; 1977).
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In contrast to the report of Sanchez de Luque
and Martinez Lopez (1977), Wend gt al.(1978) in Telwen,
obgerved Chenopodium gmgrapticolor and €. guinoa to react
with local lesions following inoculation with Tasiwan igolste
of PRSV. The virus also caused systemic necrosis on melon
and mosaic on other cucurbits ( Wang g's__ 8le, 1978)

e mwm C~ggzn9_ghave been

.....

the fact. that_the virus was recoverable only from C. quinoa,
Two 1golates of PRSV, virus-I causlng wilting and virus-II

producing conspicuous mosale have been recognised and sgquash

being indicated as the best differential host for the two
(Chang, 1979). '

Marathwada igsolate of PRSV has been reported to
infect plant species in Chenopodiaceae and Cuéurbitaceae
families. The systemic hosts of the virus reported include
ashgourd, gpongegourd, longmé;oh,_ cucumber, pumpkin and

squash. C. amaranticolor and €. auinea have been found to
be local lesion hosts. Watermelon, bottlegourd, ridgegourd,
bittergourd and two g pecles of Chenopodium viz., C. album
and C. marale, apart from plant gpecles belonging to

. Amaranthaceae, Compositse, Leguminosae and Solanaceae have

been recorded as non-hosts of the virus (Yemewar and Mali,

1980). !
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Lana (1980) reported that the Nigerian isolate
of PRSV had 2 narrow host range rest?icted‘to Chenopodiaceae,
Caricasae and Cugcurbitaceae. The local lesion hosts reported
include C. amaranticoler and G guinoaj and systemie ones
inducing mosalc include Cucumis sativus cv. Money Maker;
faint mottle in Cucurbita pepo ev. Zuchini; ond veln-
clearing, leaf curl, and ringspot in papaya evs. Local and
Solo.. Non-hosts. of the virus included. Citrullus 1lanstus,
G 2&9293.@.- \.{;Lgna ungnm&m and P.&.eenm iehm

-
The host range upon mechanical sap inogulation of

PRSV isclate from Sri Lanka included Carica papaya, Cucurbita

pepo, Cucumis sativqs and Chenopodium amaranticolor. Carica
papaya ovs. Solo Hawail énd Coimbatore Dwarf-l, reacted with

systemlc chlorosis, veine=clearing and ringspoti C. peps,
c. sativus and Chenopodium amaranticolor with systemic faint

mottle, mosaic and neerotic local lesions respecttvely. The

plants of N. tabacum, G. globosa, Vigna ginensis,
Phaseolus vulga;is and Lycopersicon egculentum were non-hosts

of the virus (Rajapakse and Herath, 1982).

Resistance to PRSV in PI-292190~ an accession of
Cucumis mgtuliferus has been reported to be conferred by.a

single dominant gene. Clones of F, and %est-cross plants
inocul ated with PRSV or ®water melon mosaic viruse=l (WWV-l)
reacted identically, suggesting that the factor for resistance
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to PRSV is closely iinked to Wmv or may be the same factor.
PRSV and WMV-l are known to be closely related serologically.
ACC-2459 of C. metuliferus has been found to be an ideal and

valuable host for the propadation of isolates of PRSV
{Provvidenti and Gonsalves, 1982):

The Pernambuco igolate of PRSV gtudied by Barbosa
and Paguio (1982a,b) had a host range limited to Caricaceae
and Gucurbitaceas. The virus caused systemic infection in

Carica papaya, C. pepo cvs. Gaserta, Early Prolific.
Straightneck, Zuchini; and Cucumig melo cvs. Amarelo ...

Redonodo and Edisto. Cucumig gativus, Citrullug lanstus,
N. tabacum, G. globogsa, Antirrhinum majus, Chenopodium

amaranticolor, Pbasealus ?ulgaris and V;gng qaguiculata were
non=hogts of the PRSV. k

T

Wan and Conover (1983) observed that the leaves of
Small Sugar Pumpkin inocul ated with PRSV developed chlorotic
spots, vein-clearing; vein-banding and systemic mottling.

The Chinese strain of PRSV has been réported to
invaede members of the Cucurbitaceae, in addition to the
Caricaceae (Wu gt al., 1983).

An aphid trangmitted mosalc digease of papaya from
Kanpur, India, have beén reported to infect hosts like
Cucumis sativus, Trichosanthes anguina, Cucurbita maxima,
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Citrulus lanatus, Lagenaria siceraria and Cucumis melo.
The virus produced characteristic local leslons en the
inocul ated leaves of Chenopodium smaramticolor (Bhaskar,

1983) .

Of the several plants species l::elonging to the
familles of Amaranthaceae, Chenopodlaceae, Caricaceae,
Cucurbitaceae, Leguminosae and Solanaceae, PRSV isolate
from Venezuela has been shown to infect only some plant
species belonging to Caricaceae viz., Carigas papaya amd
Cucurbitaceae viz., Cucurbita pepo cv. Early Prolific
" Straightneck. The non-liosts of the virus were N. tabacum,
Cas_;sia ecciden‘!:alis. q;enopodium mnarant;qolor, gt_'gu_i_l_:g_a_,'

Ge globosa and Vigna ginensis ( de la Rosa and Lastra, 1983).

While conducting comparative host range studies of
nine isolates of PRSV from Talwan, USA (Hawaii, Florida),
Eucador; and three isolates of watermelon mogaic virus-l
(wMV.1) from the USA {New York, Virginia, Florida), Yeh et al.
(1984) have reported that all the nine isolates of PRSV
infected members of Chenopodiaceae, Caricaceae and
Cucurbitaceae, while watermelon mosaic virus-l isolates
such as WWeINY and WMV-IVG infected only Cucurbltaceae, but
WMV-1F infected both Chenopodiacease and Cucurbitaceae. All
the nine PRSV igolates and one of WWea] isolates viz.,
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WW=-1F induced local lesions in both Chenopedium
émagar}i;colo;_ and C. é_u;gg_a; 'fhe r’aajo;r"difference between
PRSV .and WMV-1 was‘:":!:h.a,t '!:i;e former infected Carica papaya |
and the latter did not. fi“hz:'ee species cﬁ’ Cucurbitaceaé ﬁz.,
Cucumis metulj_.ferug (AGG&2459), Cucumis anguaria var. anquaria

and ng gngg_agu var. ,ang;m were found to be valuable
hosts for the propagation of PRSV. Cucumis metuliferus’
(PI~292194), ‘Cucumis melo line B 66-5 and Cucumis gativus
#surinam®, - which possessed ge'nes"resist'an‘t to WMV-1, reacted
identically to all igolates of W<l and PRSV. All the
igolates of wv-i and PRSV produced systémic symp'homs on

Cucumi s melo GVe Gold Shar. Cucumis meeusgii, Cucumis dipsaceeus.
Gieunis dinterd; Cucumis hardwickil, Citrullus lanatus,
Cucu;'bita moschata and Luffa acutangula. None of the PRSV

or WiVel isoiates', infected Nlcotliana bep__'l'.hgiana, Brasg“ ca

campestris, Pisum gativum or Phageolus yulgaris (Yeh et .al.,
3.984)0 S . -

The PRSV isolate from Andhra Pradesh had a
restricted host range. .Besldes papaya, it produced systemic
symptoms on Sucumis sativus, C. melo and Gitrullus lanatus
belonging to the family Cucurbitaceaé and local lesions on

Chenopodium @g_z_-ggticolor and Ce g noa belanging to the family
Chenopodiaceae. The virus failed to :!.nfect the following
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cucurbitaceous hosts viz., I_ng'enaria siceraria, Luffa

scutangula, Momordica charantia, Irichosanthes anguina and
Cucurbita maxima (Susan John, 1985).

2.8 Physical properties:

Physical properties of "PRSV® and other ¥aphide
transmitted mosaic viruses® of papays, now considered as
®*strains of PRSV® with potyvirus group characteristics have
been reported by several workers.

Adsuar (1947c) reported that virus causing mosaic
of papaya in Puerto Rico, was inactivated at 60°C, after
48 hours storage at room temperature and after dilutions of
1073,

According to Capoor and Varma (1948, 19%8) aphid
transmitted “papaya mosalc® lost its ilnfectivity after 26 to
28 hours storage at room temperature, after heating for 10

minutes between 53 to 55°Canddilutions between 1073 to 10“4.

Aphid transmitted "papaya mosaic" (PMV) from Hawali,
has been reported with the following physical properties,
dilution end point (DEP')‘ being between 10.4 to 10.5, thermal
inactivation point (TIP) being at 54°C and longevity ip vitro
(LIV) for 8 hours (Ishii and Holtzmann; 1963).



92

Strains of PRSV viz., DRV and FMRV from Florida
have also been ‘studied for physical properties. No
differences, however, have been noted in DEP (10'3) or'TIP
(between 54-56°C) or LIV (8 hours) between these strains
(Conover, 1964a;b).

Story and Halliwell (1960) reported the physical
properties of "DRV® of papaya in Dominican Republic. The
thermal inactivation point (TIP), dilution end point (DEP)
and the longévity gg_ggggg_(LIvj recorded for this virus
‘were: 50 to 55°C, 10~ and 8 hours respectively.

Singh (1969a) reported that the "papaya leaf
reduction virus® (PLRV) had a DEP between.lﬂ'z t0 10’3.
TIP between 45 to 50°C and a LIV between 3 to 4 days at room

_temperature.

Singh (1969b) reported that the aphid«transmitted
"papaya mosaic virus® (PMV) was found to be inactivated in
papaya sap at 60°C and betwean the dilutions of 1074 and
1075. The virus was viable upto 24 hours but not upto

30 hours at room temperature.

Kulkarnt (1970) has reported the physical
properties of three viruses (with potyvirus group particle
morphology) viz., CLV, CRV, and MLV. These wiruses differed
in physical properties. CRV had lower TIP (55 to 60°c),

CLV intermediate (60 to 65°C) and NLV higher values (75-80°C);
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whereas, NLV recorded lower values of LIV (24 hours), CRV,
intermediate (6 days) and CLV, higher (8 days). Regarding

DEP, CLV differed in having slightly lower value (107),
however, the DEP values of CRV and NLV were at par (10~%).

The "distortion ringspot virus® (DRV) prevalent in
Venezuela, have been reported to be inactivated between a
TIP of 50 and 55°C and a LIV of 96 hours. The DEP was being
at 10" (Lopez Pinto, 1972).

Lima and Gomes (1973) have reported that the
PRSV isolate from Fortaleza, Brazil, was inactivated
between 54 to 56°C and after an aging in vitre for 12

hou.'l.'s. -

The Colombian igolate of PRSV had a LIV of 8
hours at 24°C and 2 days st 4°C, and TIP at 60°C
(sanchez de Luque and Martinez Lopez, 1976b).

Sureka gt al. (1977) have reported that the
Rajasthan lsolate of PRSV was inactlvated between 45 %o
50°C. The DEP was 13500 and the LIV 24 hours.

Accoxrding to Wang et gl. (1978) the PRSV igolate
of Taiwan, in. papaya leaf sap lost its infectivity between
50 to 55°C, 10~ to 10”4 dilution or storage at 20°C

for 10 hours.
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~ Chang (1979) from Taiwan has recorded differences
in the physical properties of the two isolates (Virus-I,
Virus-II) of PRSV. The igolate Virus-I hed slightly lower
values of TIP (45- 50°C), than the -isolate Virus~II but hed
higher values for DEP (1074 to 10™) and LIV (10 to 11 days)

than the isolate virus II (DEP, 107 to 10™%; LIV, 7 to 8
days) .

The"papaya ringspot™ virus" reported from Marathwada
region was found to be inactivated between 60 to 65°C and
at a dilution of ;0'3 in papaya sap. The virus was viable
upto 10 hours at 27 to 36°C (Yemewar and Malli, 1980).

The TIP, the DEP and the LIV reported for the
"Nigerian isolate of PRSV® were: 57°C, 10™> and 10 hours
respectively (Lana, 1980).

Barbosa and Paguio (1982a) from Brazil have
reported that the physical properties of the PRSV igolate,
designated as " PRSV-PE". In papays sap, the virus lost its
infectivity be@ween 85 to 60°C and on storage between

\

12 to 24 hours at room temperature. The DEP of the virus
was between 1072 " to 10™° .

An sphid transmitted “"papaya mosalc virus”{(PMv)
reported frdﬁ Kanpur, India, was inactivated by heating the
sap between 55 to 60°C. The virus lost its infectivity
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after 24 hours storage st room temperature and at a
dtlution of 107" (Bhaskar, 1983).

" de la Rosa and Lastra (1983) from Venezuela have
reported that PRSV was inactivated between 52 to 54°C. The
DEP was 10~ and the LIV was 24 hours.

‘Wu gt al. (1983) from South China have reported’
that the’infectivity of the PRSV in papaya sap was logt
between 30 and 55°C, between 107> and 10> dilutions and

after a storage between 8 to 16 hours at room temperature.

The infectivity of the PRSV igolate reported from
Andhra Pradesh, was lost between 24 to 48 hours storage at
room temperature (30 to 33°C), after heating between 45 to
50°C for 10 minutes and between dilutions of 1072 to 107>
(susan John, 1983).

2.9 - ' gtrains °

Two types of isolates of "papaya ringspot virus®
are now being recognised viz., type P isolates and type
W isolates (Purcifull gt al., 1984): The main difference
between these igolates iz that the type P isolates infect
papaya whereas type W isolates does not (Gonsalves and
Ishii, 1980; Yeh gt al., 1984). 1In papaya; the type P
isolates cause mottling and distortion of leaves, rings
and spots on fruit and stresks-on stem and petioleé.



96

Affected plants are stunteq and frult set 1s reduced
(Jensen, 1949a; Conover, 1964a). Cool weather favours

the development of severe leaf digtortion symptoms (Jensen,
1949a; Conover, 1964a; Lima and Gomes, 1975). In squash,
‘watermelon and other cucurbits, type W isolates cause |
mottling and distorpion of leaves and fruit (Halliwell et al.,
1979). A variant found in Guadeloupe is serologicélly :
related to, but distinct from, typical P and W isolates
(Sensa stricto, Purcifull et als, 1984). Isolates within
type P differ in the symptoms they induce. These are well
documented in the literature and deésignated as: "faint
mottle ringspot virus® (FMRV) which induces milder symptoms
in Carica papaya than “distortion ringspot virus® (DRV)

in Elorida (Conover, 1964a,b); nonesap transmissible mild
strain of DRV characterised by leaf distortion and upward
curling of young papays leaves in Dominican Republic (

Story and Halliwell, 1969); two isolates of PRSV from

Hawaii (USA) viz.,"PRV-HA" ond " PRV-HB®, the former
causing severe leaf distortiaﬁ in papaya ard intensive
mosaic and leaf distortion in Cucurbita pepo and the

latter causing less severe leaf distortion in papaya and
only mild mo£tling in €. pepo (Gonsalves and Ishii, 1980);
variation in foliar symptom expression has been observed

on papaya, lnoculated with nine isolates of PRSV originating
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from different geographic regions. For instance, five
Talwan igolates of PRSV viz., Su~mm caused mild mottling;
Su~sm cauged severe mottling, Su-smn induced systemic |
necrosis, and = wilting spart from severe mottling, while
isolates viz., T=Chen and T-Wang developed mottling and
mosaic; two Hewaiian isolates of PRSV viz., PRV-HA and
PRV-HB induced mogaic and leaf distortion symptoms; and
the Florida isolate PRVF=340 gnd a Ecugdor isolate PRV-ED
produced mogaic and shoestringing symptoms. 1In :the._wi_nﬁe‘r_
months all the isolates except Suwmm showed severe.symptoms
of leaf-distortion and shoestringing (Yeh gt al.,” 1984).
Mild strains of PRSV such as " Aparecida®™ in Brazil and

a " nitrous acld induced mutant®? PRVHA 5-1 in Florida, that
cross=protect against severe ones have been reported
(Rezende gt al., 1981; Yeh and Gonsalves, 1984a). A strain
of PRSV (Virus-I) that induced wilt in papaya has been
reported from Taiwan (Chang, 1979). Some type W isolates
such as WMV~lF, but not WMV-INY or WMV-1VG, produged local
lesions on Chenopodium amaranticolor and C. guinoa. Further,
based on host reactions, it has been shown that = WMV-1NY
and WMV-1VG are infectious only to Cucurbitaceae, but
WMV-1F being infectious to Cucurbitaceae as well as
Chenopodiaceae (Yeh gt al., 1984). Further, Yeh gt al. (1984)
opined that inability to produce local lesions on
Chenopodiup spp., by WMV igolates should not be uged as
criteria to distingulsh WMV-1 from WW-2. " Howeyer, they
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felt that local lesion:production on Chenopedium quinoa
ard .G, amgranticolor -might provide a useful criteria for
distinguishing straing of WMVal.

'2.30 | geroloav :

.. The virus is a good immunogen. Liquid-.
Immunoprecipitin tests with clarified plant extracts
(Webb and Scott, 1965) or with purified virus particles
(Milne and Grogan, 1969) have been used for. virus detection
and for studying the relationships. The intact virus '
particles do not diffuse readily in agar gels but sodium
dodecyl sulphate. (SDS)( Purcifull and Hiebert, 1979) or
pyrrolidine ( Shepard gt al.y 1974) can be added to disrupt
the particles into diffusable fragments. DS
immuricdiffusion tests have been.used to detect isolates of
types P and W in cucuxbit leaf extracts with antisera. to
untreated virus (Purcifull and Hiebert, 1979; Russo et al.,
1979) .or with antisera to SPS treated particle protein
(Gonsalves and Ishii, 1980). Freeze-drying of leaf extracts
is a convenient methed for preparing reference antigens for
uge in PS5~ immunodiffusion. tests (Purcifull and Hiebert,
1979). Virus detection in papaya by SDS~immunodiffusion
is pessible but.unrelizble kWan and Conover, 1983):

Epzyxﬁé;ilinked immunosorbent assay (ELISA) has
been used to detect the virus; much higher A 405 readings

were obtained when extracts from infeoted papayé or squash
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leaves were prepared in 0.25 M potassium phosphate +
0.1 M EDTA, pH 7.5, than in extracts prepasred in 5téndard
phogphate~buffered saline (Gonsalves and Ishii, 1980).
Immunoelectron miscroscopic procedures have also been uged
t6 study the relationships (Makkouk and Lesemann, 1980).

f

Antigera have besn prepared 'to the proteins of
cylindric¢al (Pinwheel) inclusions(CI) and amorphous
inclusions (AI). The GI proteins have been detected usin.g
DS~ immunodiffusion methods {Baum and Purcifull, 1981; Yeh
and Gonsalves, 1984b). Antisera prepared to purified CI
protelns of type P and type W isolates had titres of 1/8
to 1/6 in S~ immunodiffusion tests. With indirect

ELISA, CI proteins have been detected at concentrations as
low as 1.6 ng/ml and at sap dilutions of 3.2 x 10° (Yeh

and Gonsalves, 1984b).

2.10.1  Relgtlonships 3

Its particle morphology, aphid transmissibility,
serological relstionships and ability to induce pinwheel
inclugions :l;n host cells placed "papaya ringspot virus® in
the "potyvirus group” (Hollings and Brunt, 1981; Matthews,
1982) . Bdwardson (1974) assigned both type P and W ‘
igolates to sub~group I because they typically 1nduced
pinwheels and scrolls, but not laminated aggregates, in

hogt cells.
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"Watermelon mosalc virus" (WMV) has been divided
into two groups of strains _by_Webb_;and Scott (1965) on the
. basis of failure in crosg~protection tegts, on mgjor
differences in host range and serological differences,
inspite of the fact that Milne and Grogan (1969) have
found a close serological relationship among various WMV-l
and WMV-2 1gol ates and had ghown that they were the strains
of the same virus, They had also shown that {‘papaya ringspot
virys" was serologically closely related o both WMV.l.and
WMV-2 Lgolates, but "potato virus ¥" (PVY) and " bean yellow
mogale virus® {BYMV) :were distantly related. However, more
recent work with isolates from the USA, Europe, Australia
and Mediterranean regions has indicated that there exists
a significant serological, hogt range and cytelogical
" distinction between WMV-1 and WMV-2 isolates, although
distant serological relationghips have | been deteqted in some
casés. Further, the coat proteins and CI proteins of
type W (WMV-1) were reported to be seroleégically very
closely x‘elateé. if not identi;;al with those of type P
"isolates (Papaya ringspot virus) (Purcifull and Hiebert,
19793 Russo gt al., 1979; Gonsalves and Ishii, 1980; Makkouk
and Lesemann, 1980; Baum and Purcifull, 1981§ Barbosa and
Pagulo, 1982a; Dodds gf al., 1984 and Yeh and Gonsalves,
1984b).
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Purcifull and Hiebert (1979) reported that in
SJS- immunodiffugion tests WMV-IFL and WMV-2FL isolates were
distinguishable and also by differences in their cross-
react.ijvities with certain potyviruses. The "papaya ringspot
virus" have been found to be closely related to WMV-IFL,
but not with WMV-2FL. ' "Soybean mosaic virus® (SMV) has been
obgerved to be cioselﬁ related to WMV-2FL, but not to WMV~
1FL. Moreover, they noticed very falnt reactions of WMV~
1FL with WMV~2FL antiserum with bleedings collected later
than 7 wmonths after immunization.

ELISA and SDSe immunodiffusion tests have been uged
to check the relationshlp of papaya rimgspot virus isolate of
Hawaii.'(P,RSV-HA causing severe leaf distortion) to several
potyviruses éqd isolates of ‘PRSV. Watermelon mosaic virusel
(wMV-1), PRSV=HA and Florida isolate of PRSV (PRSV-340) gave
reactions of identity in DS~ immunodiffusion tests in which
antisera to PRSV<HA and WW-1l were used, while WMV.2 did not
react with either antiserum. Antlsera of PRSV~HA and WWV-1
also gave strong reactions to PRSV~.HB (isolate .from Hawaii
causing leaf distortion to lesser extent), PRSV~-340 and
WMV-l in ELISA tests. Isolates of "bean yellow moseic virus®
(BYMV), "cowpea . aphid-borne mosaic virus" (CAMV) and *
watermelon mosalc virus-2" (WMV-2) have failed to react with
the antiserum of PRSV-HA in ELISA or SDS-immunodiffusion tests
(Gonsalves and Ishii, 1980).
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Makkouk and Lesemenn (1980) have reported that
in SDS~ immunodiffusion tests the Lebanon isolate of WMVl
. reacted with WMV=l, but not with wWV-2. Using Derrick
technique of immunoelectren microscopy, they observed strong
specific trapping when grids were coated with WW-1 antiserum,
bit no trapping with WV.2 or "bean yellow mosalec virusg"
{BYMV) antisera. In decoration techniqué of immunoelectron
microscopy, a strong effect was observed with WWv-l
antiserum, and a weak and no reactions were observed with
BYMV and WMVl antisera respectively.

Antigera specific for cylindrical incluslons of a
Jordanian isolate of WWV=1, a Florida isolate of WMV=2 and a
Mexican isolate of WMV (WMV-M) did not react with their
‘respective purlfied viruses or with healthy antigens in
SDSs-double immunodifussion tesis. In reeiprocal tests with
antisera collected from 2 to 4 months after initial
immunization, only the WMV-M inclusion antiserum Xeacted
with crude sap or purified inclusions of other WMV- lgolates.
Intragel absorption of WMV-M inclusion antiserum with
-purified inclusions of WW=l and WW-2 or WMV-M confirmed
that WW-M inclusions were immunochemically distinct from,
but related o WMV-1 and WMV-2 {Baum and Purcifull, 1981).
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Barbosa and Paguio (1982a) reported that in SDS-
immunodiffusion tests the Pernambucan isolate of PRSV showed
a clogse gerological relationship with * watermelon mosaic
virus-1" (WMV-1), but not with WMV-2.

Dodds gt agl. (1984) from the University of
California observed a crOSSereactién between WMV-~1 antigen
and WVe2 antigerum in SDS- immunodiffusion test. The
vigible precipitate was closer to the antiserum well than
the precipitate formed by the homologous reaction bétween
WMVe~2 and WMV=2 antiserum. This was obtained when
Cal;fornia antiserum, but not when the Florida antiserum to
WMV-2 wag. used and its development could be prevented by
cross absérption, when SDS~ treated sap from plants infected
with WV=1l was placed in the centre well 4 hours before
placing California WW-2 antigerum in the centre well. No
crose~reaction between WWe2 antigen and WWel antiserum was
detected. A cross-reaction between WMV~2 and WMV-l antiserum
was detected by ELISA.

Yeh et gle (1984) reported that in DS-
immunodiffusion tests, nine isolates of PRSV obtained from
different geographical regions gave a rellable and consisgtent
reactions to three isolates of WW-l, when infected Cucumis
metuliferus (ACG=2459) was used as crude antigen for PRSV
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igolates and infected Zucchini squash for WWV-1 igolates.
The reactions were détermined by ugirig either antiserum to
dissoclated coat protein of PRSV or antigerum to intact
particles of WMVel. The results jindicated that all the nine
isolates of PRSV namely, Su~-mm, Su-sm, Su~gmn, T=Chen and
TaWang all from Taiwan; PRSV-HA and PRSV-HB of Hawaii;
PRSVsF340 from Florida and PRSV-ED from Ecuador and thxree
isolates of WWel yiz., WMV=IVG (Virginia), WMV-INY (New
York) and WMV-1F (Florida) were serologically
indistinguishable. Moreover, their host range studies
indicated that Cucumis metuliferus (PI 202190), Cucumis melo
line B 66-5 and Gucumis sativus ”Surinam"'which posgessed a
.single recessive gene for resistance to WMV-l, reacted
1denticaily to ail nine isolates of PRSV and three isolates
of WMV-1. The gimilarities in resistént and susceptible
host reactions and serology encountered in these gtudies

have shown that PRSV and WMV-l were very closely related.

Yeh and Gongalves (1984b) observed no serological
differences when purified PRSV CIP and WMVl CIP were tested
agsinst either PRSV CIP 6r WWV-1 CIP antiserum. Moreover,
‘when crude antigens from infected tissues were tested against
both CIP antisera, all the nine igolates of PRSV. and three
isolates of WMV=-1 were serclogically indistinguishable.
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PRSV CIP antiserum and WMV—l CIP_antiserum did not react
with sap from plants infected with V=2 NY. WMV-2F and
wmuqzc. Nb pxecipitin lines were.observed whéen crude
antigens from plant tisgues infected with PVY, TEV, BYMV,
CAMV, BlCMV, LMV, and TuMV were tested against both antisera.
The results of indirect ELISA confirmed S~ immunodiffusgion
tests that PRSV CIP and WMV-l CIP were serologically
identical, but not related to WW-2 CIP.

Considering the properties of type P (PRSV) and
type W (WWe1) and their biological and cytological
gimilarities, Lovisolo (1980) and Yeh gt al. (1984) suggested
reclassification of PRSV and WMV+l as strains of the same
virus rather than two different viruses. Acgcordingly PRSV
and WW-1 lgolates have been regrouped under one name,
"papaya ringspot virus® as type P and type W isolates
respectively (Purcifull gt zl., 1984).

PRSV has affinities with some potyviruses.
Pyrrolidine degradation products of its particles reacted to
“the D=~ protein of ™bobacco etch virus" (TEV) (Shepard et al.,
1974), and the particle proteins and CIP of potyvirus
isolated from cucurbits in Morocco (Fisher and Lockhart, 1974)
-wére serologically related to, but distinct from, those of
PRSV ( Baum and Purcifull, 1981).
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Lima and Gomes (1973) reported that in
immunodiffusion tests Brazilian isolate of PRSV gave no
specific reaction zgainst the antisera specific for "papaya
mosaic virus® (PMV) and "tobacco ringspot virus®(TRSV).

PRSV isolate degcribed from Marathweda region of
Mgharaghtra State was serologically xelated to PRSV igolate
from Florida (USA) but apparently shared no common antigens
'with the antisera of "bean common mosaic virus#{BCw),
"bean yellow moéaic virus® (BYMV), "potato virus X" (PVX),
"pot ato vArus-M® (PVM) » "obacco mosalc virus" (TWV),
"cucumber mosalc virus® (CMV) and * tobacco ringspot virus”
(TRSV) (Yemewar and Mali, 1980; Dake, '1986) v

Lana (1980) found that when detergent-treated
antigens used in agar diffusion tests and precipitin tests
with partially purified antigens of PRSV, the d&signated
PW and PRSV igolates gave pogitive reaction to their type
strain antisera. The papaya decline virus (PDV) also-
reacted to the PRSV antiserum, indicating that all these
isolates were serotypes of PRév and PMWV. PRSV gave negative
serological reactions with the antisera of "papaya mosaic
virug® (PMV), "potato virus X" (PVX), "potato virus Y"
(PVY), ™tobacco ringspot virus® (TRSV), ™omato ringspot
virus®" (TmRSV), "tobacco mosaic virus (TMV) and "ecucumber
mogale virus® (CWV).
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'?g;t1g11y~purifi§d preparation of PRSV described
" from Andhra Pradesh, in agar-gel diffusion tests gave
_pogifive.gegptipn pn;Y,tq the PRV antiserum, but not to
the antisera of "pumpkin mesaic virus®, “cucumber mésaic
\"rirus-l"' and "bo.'hf;l_égqqrd mogaic virus® (Susan John, 1985).

ae’

5,11 Electron microe

o

2,11 Particle morpholoay
Electron microscopic observations of sections of
leaf, fruif end stem tissues of papaya infected with PRSV
showed filamentous particles in the ¢ytoplasm- In the
| cell they were in a somewhat parallel arrangement or
‘1comp1etely randomly distributed- The average length of the
'particles worked out include 800 + 10 nm and a diameter of
12 nm. Ihey had a ¢hannel of 3 rm diameter in the centie
(Herold snd Weibel, 1962). |

de Bokx (1965) have reported leng flexuous

 particles with a mo&ai léngth of 780 rm in the leaf-dip
‘prébaratiﬁns of papaya leaves infected by "distortion

| ;in§spo£ virus® {DR?){ a strain of PRSV.

. Three viruses from Eagt Africa viz., CLV, CRV and
NLV, weye found to be similar in particle morphology.
. Negatively stained purified preparations of the three viruses
contained stiff rod-shaped particles having a diameter of
750 x 12-nm (Kulkarni, 1970).
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smith (1972) determined the length of the
"distortion ringspot virus® (DRV) a gtrain of PRSV to be
between 700 to 800 nm.

Khurana (1974) reported that in leaf-dip
preparations, the average particle length for " mild mosaic
virug® (MMV), "distortion ringspot virus® (DRV) amd ®"ringspot
virus® (RSV) of papaya was 551, 763 and 721 nm respectively.
Of these, only DRV and RSV resemble isolates of PRSV in
particle size and morphology.

The Vietnam isolate of PRSV dascribed and reported
by Break and Pozdena (1976), had elongated flexuous virus
particles in the disedsed leaf tissues, Average length of
the particles was 730 nm based on the means of main maximum
ranging from 600 to 800 mm.

In leaf-tissue preparations stained with 2 per
cent phogphotungstic acid and ultrathin sections of papaya
infected with ®papaya ringspot mosaic virus®, filamentous
virug particles of 200 to 1200 nm long (generally 700 to
800 nm) and 10 6 15 nm diametexr had been observed by
Ko gt al. (1979) and these particles were found to occur
in bundles in the cytoplasm near cell wall.

While working with the properties of viruses
isolated from papaya in Nigeria, Lana (1980) found that the
average dimensions of the 213 particles of purified PRSV
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were 791 x 12 ym.. The particles of the ®papaya decline
virus® (PDV) isolate measured 748 x 13 mm in crude sap: of
Infected tissues.

Barbosa and Paguio (1982a) reported that in leaf-
dip preparation, the.particle ;quth of the Pén.nam)‘)ucan
isolate .of PRSV designated 68 PRSV-PE wé; found to x:ange
from 750 to .B0OO nm. _ |

de La Rosa and Lastra (1983) while working with
the Vénezuelan isolate of PRSV, observed leaf-dip preparation
to contaln flexuous, rod-shaped particles. They reported
a'modal- length of 782 mm based on ;67 v_h‘ﬁs particle counts.

Electron microscopy of papaya leaves infected with
Ta.iwan isolate of PRSV revealed the presence of filamentous
particles with lengths ranging from 700 to 750 nm in
negatively stained leaf-dip preparations (Chen, 1984).

The ‘leaf-dip preparations of Marathweda isolate
of PRSV c'ontainéd.' elongated, flexuous, rod=-shaped particles.
The average leng‘bh of virus determined from means of main
x'na:‘timum was.77'6 + 5 nm (Dake, 1986).

- 2.11.2 inclusion morphology ¢

Ultrath:ln sections of PRSV infected leaf tissues
~ displayed “pinwheel" and "circular® inclusions which were
. congidered to result from cross-seotioning of three
dimensional inclusions (Zettler et al., 1968). Electron
microgcopy of ultrathin sections of “"distortion ringspot
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virus® (DRV) 'infgcted papaya leaf tlssues revealed the
preserice of "pinﬁheel"' and " gircular® inclusions {Story

' and Héiliweil, 1969) « #Pinwheels® and®scrolls” have also
been obgerved in papaya leaf tissues infected by lsolates

of PRSV from Pernembuco (Berbosa and Paguio, 1982a) and

South China (Wu gt als, 1983). Chen (1984), in addition to
"pinwheels® and "circular® or "tubulasr® (scrollg) inclusions,
reported the presence of "short laminated aggregates® in
the tissue sections of papaya leaves infected by Taiwan
isolate of PRSV. Edwardson gt al. (1984) studied the

ultrastructure of Cucurbita pepo leaf tissue infected with
PRSV. They obgerved PRSV to induce cytoplasmic cylindrical

inclusions (C€CI) consisting of %pinwheels®™ and "scrolls®,
which 15 a characteristic feature of subdivision=I of the

potyvirus group.

2.12 Cross_ prot,actier; 3

Several unsuccessful attempts have been made to
develop effective control measures for PRSV. Condéver (1964a,
b), Cook and Zettler (1970) and Cook and Milbrath (1971)
failed to find resistance to the virus among the Carica papaya
lines. However, some species of Cariga such as C.capdamarcensis,
C. .candigans, O gauliflora, G. pubescens, C. guergifolia
and C» gtipulata and two members of Caricaceae viz., Jagargtia
wexicana and J. spinosa have been reported to possess resistance
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to PRSV (de Zerpa, 1958, 1962; Jimenez and Horovitz, 1958;
Vasudeva, 1959; Capoor and Va;;na. 1961; Conover, 1964a,b;
Horovitz and Jimenez, 1967; Cook and Zettler, 1970; Adsuar,
1971; Cook and Milbrath, 1971). Unfortunately, the species
of Carjca and Jacaratia carrying genes for resistance to PRSV
were found to be incompatible with Carica papava and
conventional intergpecific hybridization has been met with
little or no success (Mekako and Nakasone, 1973).
Furthermore, attempts to control PRSV through application
of insecticides for conmtrol of aphld vectors, roguing of
infected plants, oil and milk sprays and pl'acement of
reflective white plastic cloth to avoid landing of alate

aphids' have not bean successful »

The unavallabilily of resistant sources among
Cs papaya, 1neffeqtiwgep‘e'ss. of chemical control on account of
styletsborne nature c;f the virus, roguing being not a
permanent solution and Yestricted host range of the virus,
made cross protection an attractive alternative method of

management of PRSV.

The éccurrence of a mild isolate of PRSV designated
as "Aparecida D'oeste® with a cross protective ability has
been reported from Saoc paulo, Brazil (Rezende et al., 1981).
Papaya.plants preimmunized with this isolate, that super
inoculasted and then exposed in the field for four months
did not show any increase in mosaic symptoms or folier
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distortion and mede good growth.(Rezende et gl., 1982).
Subsequently, four months after challenge inoculgtion, all
the field exposed challénge inoculated plants started showing
mild symptoms at first and tend to increase in severity
after.5 to 8 months (Rezende et al., 1983, 1984). The
‘ fallure of cross protection or pre-immunization of PRSV

was abtributed to mutation and selectlive competition of

mild isolates of the virus, but not to bresk-in protection
(Rezende gt al», 1983, 1984). The results of cross protection
tests obtained in Brazil indicated that for pre-immunization
‘to work in the control of PRSV, it was necessary to obtain
mild protective 1solates that are more stable and competetive
(Rezende gﬁ al., 1984). Recently, Yeh and Gonsalves(1984a)
' have succeeded in inducing mild strains of PRSV with
protective ability deslgnated as PRVHA=5«l and PRVHA=6-1.
Papaya seedlings inoculated with these mild mutants,

remained symptomless or with diffuse mottling with no reduction
in plant size under green house conditions. Protection was
observed when PRVHA $=]1 and 6-1 were used to protect papaya
against different mechanical challenge inoculations with
severe strain (Yeh and Gonsalves, 1984a). Results of small
plot and large scale field trials conducted in more recent
years indicated that mutants PRVHA-5-1 and 6-1 have been

found to be highly valuable mild strains for centrolling
PRSV by cross-protection (Yeh et al., 1986).
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2+13 Digease resigtance

Several unsuccessful attempts have been made to
develop effective control measures for PRSV. Although,
tolerant selections of papaya ( AREC-7, AREC=12 and AREC-19)
and their cross- combinations (like 7-A x 19-G, 12-B x 7-E,
‘12-0 x 7-E and 19-B x 19=G) have been identified (Conover,
1976; Conover and Litz, 1978), resistance to PRSV have not
been found to occur within Carica papaya (Cook and Zettler,
1970; Conover, 1976; Conover amnd Litz, 1978; Wang gt al.,
1978) - Some species of Carica such,as C. candamarcensis,
C. candicans, C. caulifiora, G. pubescens, C. guersifolia
and C. gtipulata, however, have been reported to be
‘resistant to PRSV (Capoor and Varma, 1948, 1958, 1061;
de Zerpa, 1958, 1962, 1967; Jimenez and Horovitz, 1958;
Vasudeva, 1959; Conover, 1964a,b; Horovitz and Jimenez,
19673 Cook and Zettler, 1970; Adsuar, 1971). Among other
genera of Caricaceae, two species of Jagcapatia viz., J.
mexicana (Cook and Zettler, 1970) and J. '-;pinosa (Cook and
Milbrath, 1971) have also been found %o bé_ resistant to
PRSV. Unfortunately, the species of Carica carrying genes
for resigtance to PRSV have been found incompatible vdth
Carica papaya and conventioﬁal interspecific hybridisation
has met wiﬂ'; 1ittle or no success (Mekako and Nakasone, 1975).
The reviéw pertaining to PRSV screening trials is presented

below:
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The vesults of "papaya mosaic" (considared to be
oaused by PRSV) screening trials carried out by Capeor and
Varma (1948, 1958, 1961) have indicated that Carica papaya
varieties namely, Poona Leng, Poona Round, Bor;:bay, Ceylon,
‘ Ranchi, Honey Dew, Hawaiian, Washington, Goda Kawala, Madhu
Bindu, Kaajimuindeen, American, Solo Hawaii, Hortus Gold,
Mammoth, Giant, Peterson, Bettina, Philippine, Paradenia;
Solo Line~8, Venezuela and Coorg Honey Dew .wex_.'e susceptible
(Capoor and Varma, 1948, 1998). Among the Carica species
tested, only C. gauliflors wag immune, whereas, C. candamarcensis;
C. goudotiana and C. microspora have been found susceptible
to the virus ( Cgpoor and Varma, 1961).

Mechanical s ap inoculation tests carried out in
Venezuela with papaya mosalc caused by PRSV ghowed that
C. cauliflora, C. caqd.gmarqens_is,m;e resistant, but C. monoica.
and C» microspora were susceptible to the virus (Malaguti

et al., 1957).

According to Jimenez and Horovitz (19%8)
C. candamarcensis ¢an be crossed with C. papaya, although seed
falls to mature. In most cases, 'however, the immature
embryos can be cultivated successfully. | |
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) In Venezuela, resistance to " digtortion

ringspot" (DRV) an isolate of PRSV was found only ameng
Caricaceae other "than papaya ac‘c‘essions. ‘It was also
observed that in reciprocal graft tests between infected
C. papaya end C. cauliflora, the latteér inhibited infection
in C. papaya which could &han 'give rise to healthy leaves.
Among the Caricas material téested for resistance to DRV,
C. candicansy C. pubesceng and C. s gtipulata have been found
to be résistant (' de Zerpa, 1958, 1962. 1967) .

"' : - . . waa . . -.’..I

, Vasudava (1959) reported that three species of
Carica v:Lz‘, C. cauliflora, Ce. candanarcensis and.
c. microsgera when tested against an aphid—transmitted

unidentified "papaya mosaic" by mechanical sap inoculation,
only C. ng_ﬂ_o_gwas found to be resisﬁant-

Of the various Carigca epp,, tested in Florida for
their vesictance to " distortion ringspot virus®™ (DRV) and
" againt mottle ringspet virus® (FMRV), strains of PRSV,
two specles viz:, C. candamarcensig and C. guercifolias were
resi_st_anﬂ while C. .cauliflora, C. gcudotiana} and C. monoica

were sugcéptible to both the strains (Conover, 1964a,b).

Horovitz and Jimenez (1967) observed that
C. candicans. C- cauliflora and C. stipul ata to be registant
to DRV in Ve_pe;u‘ela-:‘ They slso reported that attempt,g to

incorporate DRV resistance into C. papaya from other Carica

species falled on account of cross incompatability.
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Screening trials carried out at Florida to locate
PRSV resistance in 90 C. papaya accessions originated from
Augtralia, Brazil, Guadeloupe, Honduras, India, Kenya, |
Okinawa, Puerto Rico, Panama, Philippines and Venezuela and’
related plants have disclosed that no resistance was found
in 90-accessions of C. papaya to PR&V. Some of the C. papays
varieties found susceptible to PRSV were: Alargada, Alargada
Rosada, Banglore, Bettina, Brookfield, Cotaxtla, Hawaiian,
Hoffman, Honey Dew, Kiru ,Madhubindu, Ranchi, Redfleghed,
Redorda, Simultana Giant, Solo and Sunny Bank. Plants related
to Jacaratia mexicana, however, were immune to PRSV (Cook and

Zettler, 1970) .

Caricg candamasrcensis was found to be reslistant to
all the three virus isolates (CLV, CRV, and NLV) reported
from East Africa (Kulkarni, 1970).

The papaya varieties, Banglore, Mammoth, Ceylon,
Ceylon Dwarf, Cochin. Coorg- Honey Dew, Dehradun, Faizabadi,
Giant, Gujarau. Hawaiian.Jaunpuri Large, Mammoth Large,
Ranchi and Washington have been found to be susceptible to
a sap and unidentifled aphid transmissible papaya mosaic
virus reported _from Haryana and Rajasthan (Varma, 1971).

Cook and Milbrath (1971) from Hawail reported that
plants of Jacaratia spinosa belonging to the family Caricaceae

were found to be immune to PRSV.
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Adguar (1971) found that C. candamarcensig was

immune to an aphid transmissible mosaic disease of papaya
present in Puertc Rico. Carica candamarcensig plants
inoculated with sap from and cleftegrafted with mosaic
infected Q. -M plants, did not develop symptoms of the

digeasge.

Mokako and Nakagone (1975) from the Uhiveisity of
Hawaii, in their interspecific hybridization programme among
six Carlca specles have observed thet C. gauliflora and its
F, hybrids were xéststantAte " disiortien ringspot"(DRV)
a strain of PRSV.

Conover (1976) summariged the results of breeding
programme and achievements of tissue culture initiated at
Homegtead, Florida, which were simed at the developing papaya
varieties tolerait to DRV. The results of this programme
have discloséd that of the 20 papaya stocks screened for
their resistance to DRV, only two stocks viz., AREC-7, and

AREC~19 had rio plants severely affected by DRV. It was
observed that tolerance to DRV was an inheritable trait.

Tissue culture technique was beliéeved to be very useful in
papaya especially to overcome the problem of crogge
incompatability between C. papaya and other Garica species.
It was believed that the tissue culture would be quite
helpful in the following ways: propagation of individual



118

tolerant plants to enable spacific genotype to be
maintained, which otherwise might be lost 1if prgp,.agat.ed

by seed and subsequently such plants could be uged for
production of F, gseeds;, as parents in a standard breeding
programme, or, if casily propsgated, get in the field for
f£u1t production; anther oultures might be used to produce
haploid plants which could be treated so as t o become
homozygous dipioids which would breed true and this would
results in great saving in time, since the selfing required
to produce homozZygous lines by normel breeding procedures
being 8 to 10 years; an embryo culture might be used to
overcome the problem of incompatability between C. papava
and Cariga sp. Thig~mi§ht make it posgible to transfer the
resistance to DRV in these species to papaya.

While evaluating first generatlion progeny from
crosses within and between, lines of papays derivgd from. plants
selected individuslly for tolerance to PRSV, Conover and
Litz (1978) found that tolerance to PRSV was inherited in a
quantitative manner. Theleffecfivenaés of a given staminate
;f pistillate bagéht'in tiansmiﬁting tolefance to its progeny
depended on the othér parent, suggesting that the highest
level of tolerarice resulted‘irom'pairibgg.which combined the
greates¥ fumbexr of different factorg for tolerance. A

-useful level of tolerancg'has‘aot been found in.ved or
orange-fleshed varietiéé. ‘Among the parental lineg tested
for their tolerance, AREC.19 showed maximum number of tolerant
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plants followed by AREC+7, AREC-12 and AREC-9. Among
the various sib matings, mating between 19+A and 19«G
regulted in maximum tolerance, while among the crosses,
the crogses between 7=A and 19-G} 12-B and 7-E; and 12+C
ard 7-E have produced maximum tolefant plants.

Litz and Conover (1979) reported successful

somatic embryogenesis in cell suspension of Garica

gtipul ata, a PBSV~ resistant relative of C. papaya.

In Sri Lanka no resistance has besn fourid among
40 accessions of Carica papava to an aphid transmissible

papaya mosalc virus but Carica candamarcensis was found to
be resistant (Rajapakse, . 1981).

Provvidenti and Gonsalves (1982) reported that
resistance to PRSV was conferred by a single deminant gene.
‘Glones of F, and test-cross plants of Cucumis metuliferus
when inoculated with "PRSV®™ or “watermelon mogalc virus-1i"
(WMvV-1) reacted identically, thereby indicated that the
factor for resistance to PRSV was ciosely linked to VWmv or
beirig the same factor.

Of the 53 lines or varleties of papaya screened
for PRSV tolerance in Teiwan, two varietieg wiz., FL-77-5
and Costa Rica have been found tolerant to. PRSV (Wang, 1982).
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Susan John (1985) from Andhra Pradesh found that
papaya varieties like Co-}, Co=2, Co~3, Co-4, Honey Dew
and Waghington to be susceptible to PRSV.



MATERIALS AND METHODS




3. MATERTALS AND METHODS

3¢l - w: - ;

_ Papaya plantstions in different localities of
Maharashtra State, were surveyed during the monthg of
September, October and November, 198% and January, 1986
for a "papaya ringspot digease” caused by " papaya
ringspot virus® (PRSV). Identification of the disease .
under fleld condition wasbased on characteristic symptoms
like leaf distortion, streaks on petioles and stem and
rings on fruits produced by PRSV. Percentage incidence
of PRSV was calculated by actually counting diseased
plants in the total population. In addition to disease
survey, information regarding symptoms on PRSVe infected
plants, intercropping, érdpping pattern around papaya
plantations and aphid golonisation on papaya, intercrops,

and neighbouring crops wag also recorded.

3.2 Isolates of'PRSV :

To confirm the identify, prevalence and possible
existence of stralns of PRSV on papaya in Maharashtra State,
in all 10 samples of PRSV, each consisting of young
symptomatic leaves were collected from different regions.
PRSV samples were collected separately in polyethylene

' bags and were duly labelled. Each symptomatic leaf sample
.« was designated as an individual isolaste and named after a
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locality from which it was collected. Thus 10 gamples of
PRSV collected from different localities were treated as
10 Isolates of PRSV. The particulars of these isolates are

' given as below ¢

Six isolates collected from C. papaya from
different localities of Marathwads included Aurangabad (1),
Latur (1), Nanded (1), Ogmanabad (1) and Parbhani (2). Two
isolates, one each from an interspecific hybrid between
Ce gauliflora x C. papayp amd C. pspaya from Pune. One
isolate each was collected from C. papaya from Thane and
Akola. Ten isolates were designated usit;g abbreviations
of localities from where 'these -i'solat,es were collected.
These included AKL. (Akola), AUR(Aurangabad), LIR { Latur),
NAN (Nanded), OSB ( Osmanabad); PBN (HG) and PBN (FF);
PUN=HCwgspe 3 PUN-C.p. .and THA (Thane). Two Parbhani
isolates viz., PBN.( HG) and PBN (FF) were collected from
Horticultural Garden, MAUJ, Parbhanl and Farmer's field
:éépect.’g.vely. Similarly, Pune 1,sola-t':esj ;viz_-‘ PUN-HC; CePe
and, PUN=C.p. were gollected from Ganesh Khind gardens

from an interspeclfic hybrid between C. qauli.flora‘x

C. papaya and from G. Eaga;za_resbe‘q:tive;y'-
3.3 ' Isofl_at:!-..on' and_maintenance of isolates :

Isolate§ of PRSV, collected from different localities
of Maharashtra State 'were -established and maintained on two
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hosts viz., papaya (cv: Washington) and summersquash
(Cucurbits pepo var: melopepo cv. Patty Pan) by mechanical
sap lnocul ation and by aphid transmission in an insect-
free glass house. Isolates of PRSV maintained on these
hogts served as sources of virus for biological and
physico-chemical tests. Healthy test plants of papaya
(cv. Waghington) and summersquash {(cv. Patty Pan) were
raised from healthy seeds in earthen<pots (15 em diameter)
containing stéamesterilised soil, compost and sand (2:1:1)
mixiﬁre. All the transmigsion tests were catried out,
prefersbly on 50 days 0ld seedlings in case of papaya and
at cot&ledon stage in case of summersquash. All the
inoculated plants were maintained in an insect~ free glass
house and observations on the aspects llke incubation
period, percentage infectivity and symptoms were recorded

for ten igsolates separately.-

3.4 Transmission studies :

3444l Mechanical transmigsion

Standard inoculum of different PRSV igolates was
prepared in a ¢old 0.1 M phosphate buffer; pH 7.0 contalning
0.1 per cent sodium diethyldithiocarbamate (DIECA), by
titurating young symptomatic leaves in a chilled mortar
and pestle. The resultant inccula were filltered separately

through double-overed muslin cloth, before belng used for
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mechanical inoculation. .Fifty days old plants of papaya
(cv. Washington) were inotulated by conventional leafrub
method using a cotton swab. Carborundum {800 mesh) was used
a8 an abrasive. Immediately after inoculatlion, plants were
washed tho:coughly with water. Healthy seedlings of papaya
(cv- Washington) inoculated similarly with disti.lled water
were usad as controls. For each inogulation, about 20
hea;th? seadlihgs of papaya were used. All the ingculated
plants were maintained in an insect-free glass hous§ and were
x;eguiaﬂy obgerved for developmént of symptoms.' Observations
on incubation period, sequence of symptom development and
per;entage transmission of the virus were also recorded.

3442 Aphid transgni'ggion $

3¢4+2.1 Maintenance of pure culture of different aphid
specles * |
Eigh'i: aphid specles viz., Aoy r'lihosighon. pisum
€Harris). ﬁp____ craceivora Koch, Aphis gossxpgi Glover,
Aphis perii Boyer de Fonscolombe, Melanaphis (= Longiunguis
van der Goot) sacchari Zehntner, Myzus persicae (Sulzer),
Rhopal osi phum maldis | (Fitch), and Uroleucon(= Dactynotus
Rafine.;.que) W (Theobald) used in transmission tests,
were colleg¢ted from ¢lusterbeans, Glyricidia magulata, cotton,
Calotropis gigantéa sorghum, cabbage, malze and safflower

respectively. For &1l the aphid transmission tests, aphids

raised from single aphid colonies were used. For ralsing
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colonies of aphids of different species, healthy leaves

of thelr respective feedeplants were placed on slightly
moistened filter paper discs contained in Petri dishes:

An apterous female aphid from each of the aphid specles,

was transferred separately onto these leaves in Petri
dishes using a camel hair brush.” Later, Petri dishes were
incubated for 8 hours and the newly-born aphids (nymphs)

" were carefully picked up and transferred to their respective

healthy feed=plants, maintained in muslin cloth cages, for
their further multiplication. Different species of aphids

used in this study, were identified as per the key and
descriptions outlined by Blackman and Eastop (1984). These
identifications were confirmed by Zoological Survey of India,
Calcutta.

3ebde2:2 Ap .

The maih objective of this study was to know the
aphid transmigsibility of different PRSV isolates and also
to asséss the efficiency of different aphid species in PRSV
transmission. For aphid transmission of PRSV isolates, 8
ephid specles viz., Acyrthosiphon pisum, Aphlis craccivora,
A. gossypil, A. peril, Melanaphls sacchari, Myzus persicae,
Rhopalogiphum maidis and Uroleucon compogitae were used. In

all the transmisgion tests, only adult apterous aphids were
used. Adult apterous aphids from each species were given a
pre~acquisition fasting pericd of 1 hour by keeping them in
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Petri dighes containing moistened filter paper discs
followed by an_acquisition feeding time of 5 minutes on
young symptomatic leaves of source plant (Papaya cv. .
Waghington) of each of the 10 PRSV igolates. Then, they
were, transferred onto a 50 d&ys old healthy seedlings of
papaya (cv. Washington) with the help of a camel hair brush
and subsequently, followed by an inoculation feeding time of
4 hours. For each gphid-virus isolate combination, 20 healthy
seedlings of papaya were used. Far each test plant, 30
viruleferous aphids were uged in transmission tests. .i*ealthv
seedlings of papaya (cv. Washington), similarly exposed to
non-viruleferous aphids were used as controls. Later, aphidﬁ
were killed by spraying 0.02 per cent diméthoate insecticide.
All the test seedlings were maintained in an insect-free
glags houge and observations weére recorded for incubation
period, type of symptoms and percentage transmissien in

respect of each isolate.

3+4¢3 I;ggggiggion of PRSV using different parts of
infected papaya plaﬁt as_a gource of inoculum :

In these studies, Washington cultivar of papaya
naturally infected by PRSV-PBN (FF) isolgte_and healthy 50
days old seedlings of papaya (cv: Washington) served as
donor and test hosts respectively, %o assess the virus
inoculum potentiality of different infected tigsues viz.,
leaf.-getiole, stem and fruit, in PRSV trangmission tests.
For virus transmission studies, two methods of inoculation
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viz., mechanical sap and aphid were employed. Symptomatic
leaves showing digtortion; petioles and stem showing streaks
and %ruits showling rings were utilised as source tissues in
virus transmission tests. Young symptomatic leaves and

thin peelings of infected tissues from petioles, stems and
fruits, were separately washed in tap water to remove dirt
and latex and dried between folds of blotter paper, before
being used in transmission tests. For mechanical
transmission, standard extracts of different virus source \
tissues were prepared in a cold neutral O.1 M phosphate
buffer containing O.l1 per cent DIECA, by triturating them,
individually in a chilled mortar and pestle. The resultant
inocula, were, then, filtered separately through a double-
‘'overed muslin cloth, before being used in transmission tests.
Each of the standard extract was inoculated separately on
about 20 healthy 50 days old seedlings of papaya by
¢onventional leaf-rub methed, using cotton swab and
carborundum (80O mesh) as an abrasive. Immediately, after
inoculation, plants were washed thoroughly with water. For
aphid transmission, two species viz., Aphls gosgypii and
Myzus persicae were used. Adult apteradte aphidsof A. gossypii
and M. persicae after a preéacquisitioq fasting for 1 hour and
acquisition feeding for 5 minutes on different virus source
tissues, were transferred onto a separate sets of about 20
healthy seedlings of papaya in batches of 30 aphids

per plant and were allowed for an inoculation feeding of 4
hours. Later, aphids weré killed by spraying with 0.02
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per cent dimethoate ingecticide. Separate sets of healthy
seed),;!.ngs of papaya inoculated with distilled water and )
carborundum and exposéd to a_vii:uj_.efaious aphlds of
A _gog's‘zg:lg., and M. g_e_gsigae. sexrved as. controls. All the
inoculsted plants were maintained in sn insect-free glass
house and ¢hservations were recorded with respect to
_ incubation peried, symptéms and perecentaje transmission for
each virus source tissue~inoculation method combinations.

Bebe4 Virixg-vectér reiat&.onsbig 3

. Parbhani isoiate of PRSY (PBN-..FF) and two aphid
. species viz,, As goggypii and M, persigae, were used to-:
detexmine the yirus~vegtor relationship. Healthy ‘seedlings
of suwmmersquash (G, pepo var. melopepo ) cv. Patiy Pan,
preferably in gotyledon stage and just before. the emergence

of primary leaves, were used as test plantss

Ehi g in PRSV transmisgon

In order to determine the effieiency Qf different
morphological forms viz., ‘nyinphs, alate adults. apterate
adults of "A.''dossy pii apd M. persicae, a pre-acquisition
f,astingui:eri:led of i hour, followed by an acquisition feeding
period of 5 minutes was given on PRSV- irfected léaves of
papayae. Later; these morphological forms were tréﬁsférre&:
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separately in a batches of 30 per plant onto separate sets
of 20 healthy seedlings of summersquash cv. Patty Pan and
were allowed for an inoculation feeding period of 4 hours.
Later, aphids were killed by spraying 0.02 per cent
dimethoate insecticlide and the test plants were maintained
in an inseé¢t<free glass house and observations in respect
of symptom development and percentage transmission were
recouﬁéﬂi separately for each morphological form of an
aphid specless Healthy seedlings of test plant inoculated
with aviruleferous aphids of different morphological forms

were used as coptrols‘

3¢404.2 Influence of the nmumber of aphids in PBSV
transmission ¢

A varying number of aphids viz., 1, 5, 10, 15, 20,
25, 30, 35, and 40 of A. gogsypii and M. Eggsioae‘iere uged
in these tests. Aftér a pre-acquisition starvation of 1 hour
and-acquisitien feeding of B minutes on the virus source,
aphids in different riumbers were transferred separately to
sets of 20 healthy seedlings of summersquash (cv. Patty Pan)
and allowed for an inocblation feeding of 4 hours. Later
aphids were killed by sprayiﬁg 0.02 per cent dimethaaie
insecticide. The test plants were maintained in an insect-
free glaés house and observed for symptom development. The
efficiéncy of each aphid treatment was assessed by computing
per cent infectivity of PRSV bagsed on 20 test plants.
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3.4.4.3 Effect of pre-acquigition fasting periods given to
ghid vector ggeggeg on PRSV transmission _
. Adult apterate aphids ( A. gossypil and M. 22521292)
pre-starved fgﬁ.diff§¥epi periods i.e. O, 045, 1, 2, 3, 4, 5
and 6 hours were given an acquisition feeding of 5 minutes
on the virus source. Later, the asphids were transferred onto
a separate gets of 20 healthy seedlings of test host in a
batches of 30 aphids per plant. The inoculation feeding period
allowed was 4 hours. At the end of inoculation feeding, aphids
were killed by spraying dimethoate (0.02 per cent) insecticide.
The test plants were maintained in an insect- free glass house
and were regularly observed for symptom development.
Trengmisslon efficiency of aphids after having given pre-
acquisition fasting for different periods was assessed by
per cent infectivity based on 20 test plants. Healthy plants of
su@meréquash exposed to aviruleferous aphids( that were
subjected to different pre~acquisition fasting periods) served

as controls.
3¢4.4.4 Effect of different acquisitiop feeding periods given
to_aphid vector species on PRSV transmission @

To determine acquisition feeding period of PRSV,
aphids ( A. gossypii and M. persicae), after 1 hour pre-

acquisition starvation, were allowed separately for different
acquisition feeding perioeds of 1, 2, 5, 10:230, 60 and 120
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minutes on virus source. Subsequently, they were transgferred
onto a separate sets of 20 healthy seedlings summersquash
(cve Patty Pan) in a batches of 30 per test plant and were
allowed for an inoculation feeding for 4 hours. ‘Af'ter killing
the aphids by spraying dimethoate (0.02 per cent) insecticide
all the test plants were maintained in an insect-free glass
houseard regularly observed for symptom development. The
efficiency of each feeding time was assessed by counting the
number of plants infected.

4

3.4,4.5 Effect of different inoculation feeding periods given
%o _asphid vector species on PRSV transmisgion :

"To determine the inoculation access period of PRSV,
aphids ( ‘A. gosgypdi amd M. persicae), pre-gtarved for 1 hour
and' allowed for 5 minutes ‘a'cqxisi‘hién access on virus source,
wei:e transferred in s batches of 30 .aphids per plént, onto a
separate.sets of 20 healthy seedlings of summersquash
(cv. Patty Pan) and ﬁé:.e allowed for different inoculation
‘.c;eeding periods of 1, 2, 5, 10, 1%, 30, 60 and 120 minutes.

At. the é‘nd of each inoculation feeding period, aphids w'erg
,kille_id by spraying with 0.02 pér cemt : dimethoate insecticide
and all the test plants were maintained in an insect-free glass
houges Efficiency of each inoculation feeding period was
judged by- calicul ating parcen‘bage infectivity based on 20 test
plants. ~ .
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3.4+4.6 Persistence of PRSV in a

The retefition of the virug by an aphid i.e: the
number of plants an individual aphid can infect was
determined by feeding an asphid on a serles of 5 summersquash
plants (cve Patty Pan) for 1 and 2/minutes on each of the
first four plants and left overnight on the last plént geries.
Prior to serial transmission, the éphids (A gogsxgﬁi and
M. persicae) were given a presacquisition fasting of 1
hour followed by an acqﬁisition feeding of 1 and 2 minutes
on virus source. Later, the aphids were killed by spraying
0.02 per cent dimethoste ingecticide and test plants were
maintained in an insect~ free glass house. Observations
with respect to number of plants infected in.each serles ‘

were also recorded.

3edeS Seed transmigsion 3

$eed itransmission tests (®growing-on® and
"indiestor® inoculation tests) were Gonducted with seeds
collegted from papqya‘(gv. Washington) plants that were
infocted by PRSV. ALl the fruits selscted for seed
" extraction from.virus iﬁfécted-plants possessed ring spots
typlcal ‘'of PRSV on the riné- ‘Seeds collected from such
frﬁits were washed in tap watér and dried, before they were
used in transmission testg. *® Grcw;ngaon" and " indicator®
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inoculation tests were usgedin deierminiﬁg seed transmission.
For these tests, asbout 2,200 geeds were sown in five lots |
in earthen~pots containing steam-sterilised soil, compost
and sand (2:131) mixture. In each pot about 50 seeds were

" gown. About 2,200 seeds collected from healthy frults
(showing no symptoms of PRSV), and sown in five lots in
earthen-pots similarly, served as controls. The pots were
then maintained in insect-free glass house and watered
regularly with a rose-can. The counts for germination and
plants showing PRSV symptdms, if any, were recorded. Seedlings
of papaya not showing symptoms of PRSV even after a period
of two months, were indexed on test plantg viz., papaya

(cv. Waghington) and summersquash {cv. Patty Paﬁ) using
pooled gamples, each consisting of 100 plants, to detect
symptomless infection 1f any by seeds. Test plants were
inoculated with a sap from pooled samples, using
conventional leaf~rub method. For this purpose O.1 M
phosphate buffer (pH 7.0) containing O.1 per cent DIECA,

was used asg an extraction buffer and carborundum (800 mesh)

as an abrasive.

3¢4.6 Graft transmission @

Graft transmission test was conducted on 20 healthy
and actively growlng papaya (cv. Washington) plants ranging
from 3% to 4 months in age, grown in earthen-pots( 15 cm

diameter). The union between healthy and PRSV.. PBN-FF=
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infected papaya plants was established by “approach~
grafting® as per the procedure outlined by Bos (1967).
For this purpose, the cortical tissue { 4 to 5 cm in
length and 0.5 %o 1 em in width) of both healthy and PRSV-
infected plants wag carefully sliced with a sterile razor
blade in order to expsése thée cambium in an equal pattern.
The héalthy and infected papaya plants were, then, tied
together with polyethylene tape in order to secure the
cut portions in a place and to ensure the maximum contant
of cambium of infected plants with that of healthy ones
and also to prevent a poss_ibla damage by desiccation. Later,
the grafted plants were maintained in an.insect~free glass
. house and regularly obseiVed for symptom development. The
observations with r‘espe:et' to incubation period, symptomatology
and percentage 1’n'fecﬁvity were recorded.

3:47 Doddex tra_x; dgsion

For dodder (Cuggu 't§ species) trensmission of
PRSV isolate PBN.FF), wvirug free dodder culture was uged.
The virus free dodder culture was raised by sowing seeds
¢ollected from dodder and grown on healthy seadlings of
papaya in earthen~pots. The stems of dodder seedlings after
having &itained the length of 2 to 4 om; were placed on papaya
gseedlings with one end of the seedling in the goll and the
other in contact with petiole or stem. Subsequently, when
the dodder cultures were found well established and had
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produced sbundant number of new vinés, they were used for
transmission of PRSV from papaya t6 papaya, following the
procedure outlined by Fulton (1964).

For effecting dodder trangmission of PRSV, fhe
virug free dodder was firgt egtablished on PRSV-infected
papaya plants. For this purpose, pleces of dodder collected
from virus free culture were wrapped sround petloles and stems
of the infected pspaya plants and were allowed to establish.
After having ensured the establishment of dodder on infected
plants, vigorously growing, uninjured tips of doddér vines
were tralled and secured by wrapping onto healthy test plants
of papaya (cv. Washington) of 2 to 3 months old. Later, all
the dodder inoculated plants were maintained in an insect-
fres glass house. Observations with respect to incubation
period, symptoms and pexcentage transmlssion of the virus on
the dodder inoculated plants were rec¢orded.

3.5 Host range :

For host range, plant species belonging to nine
families viz., Amaranthaceae, Caricaceae, Chenopodiaceae,
Compositae, Cucurbitaceae, Labliateae, Leguminosae,
Malvaceae and Solanaceae, weré selected for comparing
reactions of 10 PRSV isolates. All the test host plants
were reised from hedlthy seeds sown in esrthenepots
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containing steam-steriliged soil, sand and compost (2:1:1)
mixture. and were inoculated at their apprapriate growth

. stage wi'i:h ten PRSV isolates by mechani«:al 'sap amd
viruleferous aphid fnsculations:’ All the leguminous plant.
species were inoculated, on primary leaves; cucurbitaceocus
plant specles, invarisbly on cotyledons, just. before the-
emergence &f true leaves; while the other test plants were
inoculsted, when they were at 6 to 8 laaf stage or on fully
exparnded leaves. Plant specles belonging to Chenopodiaceae
were tested only by mechanical sap inoculstion. For
mechanical s ap inoculation; inoculum was p:;epazed separately
for each of the PRV igolate by tfitursting young symptomatic
leaves of respedétive isolates with a cold mortar and pegtle
in a ¢hilled; neutral 0.1 M phosgphate buffgz containing O.1
per cent DIECA {1:lw/v) -and the pesultant sap extracts were
filtered separately through double-overed muslin ¢loth,
before being used for inogulations. A set of 10 heélth§
plants of each of the host species was used for inoculation
Qf each of the PRSV igolate. Inoculations weré made by
_conventional leaferub method, using & cotton swab and
carborundum (800 megh) as an abrasive. ‘Immediately after
inoculation; plants wére washed throughly with water and
maintained in an ingect-firee glass hiouse. For -sphid

inogulations, viruieferous, apterous aphids of
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Aphis gossypii were used. Adult aptereus aphids of
A- gossypii, after a pre-acquisition fasting of 1 hour and

acquisition feeding time of 5 minutes  =om young
symptomatic leaves of source plant (papaya cv. Washington)

of each of the PRSV iso]l ates, were transferred onto a
separate gets of sbout 10 healthy seedlings of each of the
host species, in batches of 30 sphids per plant and allowed
for an inoculation feeding of 4 hourg. At the énd of
inoculation feeding time, aphids were killed by spraying with
0s02 per cent dimethoaste insecticide andmaintained in an
insect~free glass houge. Separate sets of 10 healthy
geedlings of each of the tesgt plant species, inoculated witlgx
distllled water and carborundum and also exwsed to
aviruleferous aphids ( A. goggypii) served as comtrols. All
the lnoculated plants were watched regularly for 4 to 6 weeks
to record observations with respect to incubation period,

4

symptoms and percentage infectivity.

The host gpecies that falled to express symptoms
even after 4 to 6 weeks of virus inoculatlon, were back
indexed on papaya (cv. Waghington) and summersquash
(ev. Patty Pan) test plants for detection of latent infection,
1f anys ' o

The host range study was conducted during Pecember
1986 to July 1987 and the weather data i.e., temperature and
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humidity ranges preveiled during these months are presented

as below @

Table showing mean monthly Meteorologicsl observations :

Month/ Temperature(°c)  Relative humidity(%)
Year ) Max. ﬂ Qin- “ A;M. P.M.
December. 1986 29.7 12.8 74.0 47.0
January_ 1987 30.4 l4.1 79.0 35.0
February 1987 32.4 13.6 57.0 21.0
March 1987 36.1 16+3 43.0 15,0
April 1987 40,8 23.0 29.0 11.0
May 1987 39.8 24.3 44.0 18.0
June 1987 37.:8 25.2 69.0 36.0
July 1987 33.1 24.3 81.0 55.0

The fellowing blant species were used as test hosts:

I. fmaranthagese @
1. Celogia argeritea L.
2. Celogla plumoga L.
3. Gomphrena globosa L.

II. Caricaceae ¢
4. Carica cauliflora Jacq.
De c-a_w EaEB!a L. CVe. WaShingtﬁn



IiI.
6.
7.
8.

10.

15.
16.
17
i8.

19,
20.,

' Cucumis sati g L. gVge: Banglore Dwart, Bangloxe
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Chenopodiaceas

Beta wulgardg L.

Chenopodium aslbum Red.

Chenopodium amaranticolor Cogte. et. Reyn. &
Chenopodium purale L.

Ghenopodtun guines Willd-

Compogitae ¢ ‘

Zinnia e;_.legans 3 acq.

Cucurbitacege 3.

mz&mmﬂ- eve Co=ke . .. .. . ..
Gitrg;; s lenatus(Thumb)Matsum & Nakal.cv.Sugar Baby

llug 1anatus var.s gistulc:ﬂs Duth & Full
CVe. Arka Tindae _

umis melo melo L. cve A)rka Jeet. _

TR

Spec;lal White and Local. . _.. ... e
Cucurgta maxima Duchense. cv- Arka Suryamukhi
Cucurbita pepo L. cv. Axka Chandan.

Gucurbita pepo ver. melopepo (L.) Alef.cv. Patty Pan.
Lagenaria giceraria (Mol.) Strndl. cv. Pusa Summey

. Prolific Long.
Luffa acutangulas Roxb. ¢v.» J. Long.

Luffa %.xl’ind;ica (L) Roem. cv. Pusa Chikni.

, Momordica charantia L. ¢v. Coimbatore White Long.
. Trichosanthes anguina L. ¢v. Green Long.

Labiateae @
Qcimum bagilicum L.
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VII. Leguminosae :

26. ' Arachis hvpogees L. cv. SB-XI

27 Cassia opcldentslig L.

28. Q_i‘ggg_a_;g._ml.. oVe BDNeOQw3

29. Glycine max (L.) Mefr. cv. MAGS-13.

30. Vicia fabs L.

31. Vidna pungo (L.) Hepper cv. Sindhkedag-l-l.
3z2. Vigna yradista (L.) Wilcz. ev.J=781.

33. Vigna unguiculata (L) Walpe cvs C-152.
VIII. Malvaceae

34. Abelmoschus éscqlentés (L. ) Moench. gw.Pusa Sawani.
IX Solansceae ¢ |

35. Capsicum annuum L. cve NP=46-A.

36. Datura gtremonium L.

37. Lycopersicon eggulentum Mill. cv. Pusa Ruby
38. Micotiana glutinosa L.

39. ‘ Nicot;gna rustica L.

40, Nicotiana kabacum L. ov. White Burley.

41e. Sol anum melongena L« ¢v. Pusa Purple Long.

3.6 Indexing 'of' Vﬁeld infected pucurbitaééoug plamnt
gpecieg for the presence of PR3V :
Fleld grown cucurbitaceous plant species like
bittergourd (Momordica charantia L.), bottlegourd

(Lagenaria gicexaris Standl.), ridgegourd (Luffa acutangula
‘Roxb.)y snakegourd (Ipichosanthes apguipa L.), ard
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: spongegourd G I_-;z_ﬁ__ cylind:ica (L.) Roem. ). show:lng mosa.‘lc
symptoms and watemelon ( 61 ullug lanatug (Thmnb) Matsum
and Nakai ) showing mosai.c, velp-banding and leaf distortion
‘symptoms were indaxed on healthy seedlings of 1ndicator
‘plants of papaya ev. Wash:lngton ard summersquash v Patty

Pan using aphid vector ( A. g_gm_g for detecting the
preaenc;e of PRSV.

- Adult aptezzate -férms of A, gossx..gii, after having
given a pre~acquisition fasting of L hour, were fed on young
symptomatic leaves: of test cucurbitaceous plant species for '
5 minutes and then transferred in batches of 30 per plant
%0 a'set- of 10 healthy seedlings each of papaya (ev. Washington)
and summersquash (icves Patty Pan) irdicator plants for an
inoculation feeding of ‘4 hours. Subgequently, aplids were
'k#1led by spraying 0.02 per cent dimethoaté insecticide and
.the inoculated plants weére maintalned in an insect- free glass
house and observed for symptom development. Healthy seedlings
'of papaya and suimmersquash; similarly exposed to ‘non-
viruleferous aphids servéd as controls.

3.7 Physical properties i

The studiés on physicél properties viz., thermal
'i.nacti\tation point (TIP), dilutien end point (DEP) and
1ongevity in vitro (LIV) .of 10 PRASV isolates were carried
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out as per the procedures outlined by Bos gt al. (1960),
using papaya leaves (cve. Washington) infected with

different isolates of PRSV .as virus source and summersquash

{C. pepo var. melopepo) v. Patty Pan as an agsay host.

3'-7;3. h Themal inactivation point {TIP) :

Standard leaf extracts of isolates of PRSV were
prepared in 131 ratio of leaf tissue to O.1 M phosphate
buffer (pH 7.0) containing O.1 pei cen’ DIECA. "Aliquots
of 2 ml standard extracts of 10 PRSV 1solates were pipetted
into a set of nine glass +tést-tubes per 1solate and were
subjected separately to different temperature trgatments
from 40 to 80°C with an interval of 5°C for 10 minutes
in a thermostatic water bath. After tempefature treatment,
cold ‘water was runover outside the tubes to cool the
contents. ALl the treated extracts were then indexed on
-sumnersquash assay host by conventional leafe-rub methed
using -carborundum (800 mesh) as an abrasive. A set of
10 plants were inoculated with each PRSV isolate~
temperature treatment combfnations. The cotyledons of
assay host (summersquash) plants, similarly ineculated
with untreated standard extracts of different PRSV isolates
;vere used as controls. Later, the test plants were
washed and maintained in an ?.nsecté free glass house.

Observations were regorded with respect to number of
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plants infected and the percentage infectivity was
calculated, based on 10 test plants. ‘

1372 Dilution end point (DEP):

‘This. experiment was conducted with a view to
determine upto what extent the sap could be infective when
subjected to a serial dilutions. The standard leaf extracts
of 10 PRSV isolatés were prepsred in l:1 ratlo of tissue
to buffer (0.1 M phosphate buffer of PH 7.0 containing O.1
per cent DIECA) and were further diluted in ten fold
(x-j_o) series, from undiluted, 10':"1 to 19"7. A get of 10
seedlings of an egsay host at cotyledon stage were
inoculated separately with dilutien treatments of PRSV
isolates starting with the highest dilution and ending up
with the crude leaf extract. The healthy seedlings of an
assay host inoculated with undiluted or standard extracts of
PRSV isolates served as comtrols. Immediately after
inoculation, the test plants were washed and maintained in an
ingect~ free glass house. Observations were recorded
1golaté wise, with regspect to number of plants infected by
cach dilution treatment. |

3.7:3 ;_.onge_vity i_g,_yg_.g._g__g___(LIV) s

In order to know the longevity of the virus in cruwle
sap, an experiment of aging in vitro was carried out. The
1eaf extracts of PRSV igolates were prepared in lil ratio of
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tissue to buffer ( neutral 0.1 M phogphate buffer

containing O.1 per cent DIECA), were kept at room
temperature (27 to 30°C) in rubber-sgtoppered tubes.
Different treatments of LIV included the period ranging

from © to 16 hours with anm interval of 2 hours between
treatments. Sap extXacts of PRSV 1soiates stored for different
periods, were, then, inoculated separately onto a set of
healthy seedlings of an assay host using conventional
leaf-rub method. Each set of assay host used for inoculation
compriged o@ 10 healthy seedlings. Subsequently, the

éssay hogt seedlings were washed and maintained in an
insect-free glags house: Obgervations we:e~gaoorded|isolate
~wise with respect to number of plants infected by different
LIV treatments.

3.8 Sexology ¢ !
. . The serological relationship of the virus isolates
under investigation were tested with fifteen viruses viz.,
"cucumber mosalc virus® (6MV), " tobacco ringspot virus"
(TRsV), " potato virus X" (PVX), "bean common mosaic virug®
(BGMV), "bean yellow mosalc virus® (3. BYMV), “blackeye

cowpea mosaic virus® (BICMV), " cowpea aphid-borne mosaic

® papaya ringspot virus" (PRSV),? peanut mottle virus®
(PhMV)s'POtato virug Y" (PVY“), % soybean mosalc virus“(Sb‘N),
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'_!g:a';e;:malan mqsaic ,virus:-;;?- (vv-1), "_watex:meipn mosalc
virus-2" (WM/-2) and * wisteria veir mosaic virus® (WMV)
pelonging to four taxonomic virus groups of cucumo, nepo,

potex and poty, using serql-ogi:ca; techniques like, " drop
precipitin test on slides” and "9SS (sodium dodecyl

sulphate)~ immunodiffusion test".

Detalls pertaining to

the source and titre of sntisera used iﬁ these tests are

furnished below :

ﬁr. Virus group/ antiserum -
Os

Source and titre

I. Qleumov:irus? group $

1. Cucumber mosalc virus (o),
' isclate CPM

.....

II. Nepovirus group s )
2. Tobacco ringspot virus{TRSV)

IiI. Potexvirus group $
" 3¢ Potato virus X (PVX)

Iv. . Potyv‘.irus greup ¢

4. Bean common mosaic virus(BCMV),
13018'&9 T?M‘ﬁo .

5« Bean yellow mosaic virus (BYMV).
lsolate FMW=l.

6+ Blackeye cowpea mosale virus :
BlCMV‘{

€zechoslovakia,
titre not mentioned.

Dermark,
titre= 1:32.

CPRY., Simla, =
titre not men'bioned.

Czechoslovakia;
titre not mentioned.

Czechoslovakia,
titre= 1:1024.

USA., titre not
mentioned.
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gi'. Vii:us group/ a_ntise:;um' Sou:;:‘c-e and titre
No.

7. Cowpea aphideborne mossic virus IITA., Ibadaen,
(cAMv), Nigerian isolate Nigeria,
titre= 1:51024.

8. Datura distortion mosalc wirus MAU., Parbhani,
(DDMV) titre= 1:1024.
9. Papaya ringspot virus (PRSV) USA., titre not
Hawalian isolate mentioned.
10« Peanut mottle virus (PnMV), ICRISAT., Hyderabad
peanut isolate t:ltre«-f 1:800.
11. Potato virus Y (PVY) Torino, Italy,
‘ titre= 1:2048.
12. Soybean mosalé¢ virug (Smv), IITA, Ibadan,
Nigerian isolate Nigeria. titre
not mentioned.

13. Watermelon mosalc virugel{WMv-1) Torino, Italy,
titre= 1: 256.

l4. WVatermelon mosale virug-2(Wwmv.2) Torino, Italy
titre not men{ioned.

15. Wisteria vein mosalc virus Torino, Italy,
(wvmv) titre=1:1024.

3.8,1 Dxrop Precipitin 'test on slides :

For this test, drops of virus isolates (antigens)
in crude leaf extracts were mixed directly with drops of
specific antlserum on separate, clean microscopic glass
slides (Bercks gt al., 1972). These slides were then
' incul?ated under high humidity for few hours at about 20°C
and examined under a microscope at about 60X. The diluent



used for antigens and antigera was phosphate buffered
saline (PBS) (0O<1 M neutral phosphate buffer + 0.15 M
Nacl). The antiserum dilution used was 1:4 and that of
antigen was 1:10. Healthy sap from test plants, normal
serum and PBS were included as ¢ontrols. Observations
were recorded for precipitation reaction for each
antigen«antigserum combination.

3.8.2 SDS¢ fmmunodiffusion test @

PS {(sodium dodecyl sulphate)= immunodiffusion
test was carried out as per the procedure outlined by
Yeh gt al. (1984) and Purcifull gt al. (1984}, using crude
sap extracts of PRSV igolates. The test was carried out
in clean, sterilised, 9 c¢cm flat bottom Petri dishes. The
agar medium consisting of 0.8 per cent non-nutrient agar,
1 per cent sodium azide and 0.5 per cent IS was prepared
in PBS (0.1 M phogphate buffer (pH 7.0) *+ 0.15 M Nacl),
by autocalving at 15 pounds pressure per square inch.
Then 20 ml 6f agar medium was pipetted into Petri dishes,
ensuring a complete coverage of bottom area and allowed
to solidify. Using a sterile-cork borer, one central well
and six peripheral wells of 5 mm dismeter and 6 mm apart
werée cut and the plugs were removed with the help of a
pipette attached to a suction pump. The bottom of the wells
were sealed by placing a drop of melted agar medium, using
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a caplllary tube, so as to prevent the leaching of
,éﬁtisér(:in ahd antigen to the bottom of the Petri. dish.

- Antigens (crude sap extracts of 10 PRSV isolates
viz'.. AKL, AUR, LTR, NAN, 0SB, PBN(HG), PBN(FF),
PUN&eHCsgops, PUNw :CoPo ’a\nd THA were prépared by grinding
separately 1 g each of freshly harvested. virus-infected
leaf tissues of summersquash (cv. Patty Pan) in 1'mi
of. PBS -mntalning 5 pexr cent .agcorbic acid. These samples,
after being fil'kered through muslin cloth were fufther
diluted in the pmporti.ons of 132, 1l:4, 1:8 and 1: 1.6 and
used mmediately,

The antiseta used in this test were"papaya
ringspot virus® (PRSV), " waternelon mosaic viryg-1"
(wMvel) ard “watermelon mogaic virug=2%(WMV-2). Sap from
healthy leaves of summersquash (ev. Patty Pan,), PBS
and -no_rmal serum were uged ag ‘cohtz:‘ol. Antisexum was
| .pipetted in the central well and antigen (in serisl
dilutions) and controls were pipetted in peripheral wells.
The results of the SPS-immunodiffusion test wére recorded
by observing thé Petri dishes under stereobinotular
microscope, with its lamp tunned upwards and illuminating
the dishes from below and the lines of precipitation if

' any weré éxamined from abeve.
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3.9 Electgbn microscopy

The electron microscopy of the virus under
investigation was accomplished by ¥ leaf~dip preparations®
and "ultrathin ae&iops' of young papaya leaves
systemically infected by PRSV isolate (PBN-FF).

3.9.1 Lgafe-dig preparationsg
Leaf«dilp preparations of PRSV isolate (PBN-FF)

were made following the procedures of Brandes (195%). For
leaf-dip preparations, freshly harvesgted young leaves of
papaya, preferably 12 days after virug inoculation by an
aphid vector (A. gossypii) and showing vein-clearing
gymptoms ware cul into small strips. Freshly cut surfaces
of several of such strips were quickly dipped in distilled
water droplets and held until the droplets on clean glass
slides turned light green, then, c;::bo‘n«coated forr@var
copper grids (300 mesh) were allewed to float on these
droplets for 5 minutes. Later, the excess leaf extract '
was absorbed carefully with the help of blotter paper and
the grids were stained with 2.0 per cernt phosphotungstic
acid (PTA), pH 6.5. The grids, were, then, air-dried and
examined in a Philips 201C model, transmission electron
microscope at 60 KV. The particle sizes were estimated
by comparing their projected micrographs with that of a
diffraction gratings of the same magnification. About 100
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" particles were measured to determine the normal arnd modal
lengths. The normal particle length was calculated as the
mean value of the main maximum. The values for msin maximun
and standard exror (S.E.), was calculated fol_lowing'procedures
outlined by Chandel (1972). The most frequently occurring
value was treated as modal length. The data was presented

in the form an histogram as outlined by Temlinson (1964).

349.2 UJ:trathin sectioning :

The main objective of ultrathin sectioning was

to study the cytoplasmic cylindrical inclusions (CCI)
- produced by the virus under investigation and also to
assign it to & particular virus group based on its inclusion
morphology. Spurr's epoxy raesin blocks embeded w_i"l:h
infected leaf tissue pleces of papaya were prepared and used
© for thin sectloning, as per the procedure outlined by _
Hayat (1970). For block making, 100 per cent Spurr's

resin medium wag prepared from mixing 1O g of 4=
vinyleyclohexenediaxide (VCD), 8 ¢ of diglycidyl ether of
polypropylene glyecol (DER~736), 26 g of nonenyl succinic

: anhydride (NSA) and 0.4 g of dimethylaminoethanol (DMAE).
. . Infected leaf tissues for this purpose were collected from
~young systemically infectéd leaves, showing velnwclearing
symptoms preferably 12 days after inocul a‘gzion by an aphid

- vector (A- toggypii).
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Tigsues from infeotéd papaya leaves were cut
into pleces of L to 2 mm square+ These tlgsue p.teées
were, then, fixed in 3 pexr cent glutarasldehyde in O.1 M
phiosphate buffer, pH 6.8 for 3 hours at 4%- Followling
fixation, tissues were washed in 3 changes of 10 mimtes
each in 0.1 M phosphate buffer, pH 6.8 on a gyrating shaker
ard were post-fixed in 1 per cent osmium tetraoxide (0504)
in 0.1 M phosphate buffer, pH 6.8 for 3 hours at 4°C.
Subsequently, tissues were washed in distilled water for
10 minutes on a gyrating shaker and were dehydrated for
30 minutes at room temperature in a graded series of acetone
i.e. 30, %50, 70, 90 and 100 per cent. Following dehydr_af;ion.
tissues were subjectéd to two separate overnight storage
series of Infil¥ration; the first one in 100 per cent
acetone + 100 per cent Spurr's resin and the second one in
100 per cent resin alone. Immediately after infiltration,
tissues were embeded in 100 per cent freshly prepared
Spurret s reairi; Tigsue embeding was done in beam capsuleés
and flat plastic moulds, filled with Spurr's resin and care
was taken to orient the ‘lilSsueé in proper planes. Then
capsules and flat plastic moulds containing the tigsue in
Spurr's resin were polir‘meri:sed in a hot-airoven at 65°C |
overnjght. After polymerisation, blocks were separated from
beam capsules and plasti¢ moulds. Blocks were, then trimmed
guitably to expose the tissues, with the help of a hénd
trimmex.
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Ultrathin sections were cut at 60 to 90 mm

. using LKB Ultratome IIl. 8800 with glass khives. Sectlons
were pickedup on carbon-coated ¢opper grids (300 mesh)

and stalned with saturated solution of uranyl acetate for
15 minutes followed by 2 per cent lead citrate for 5 minutes.
The grids wexe air-dxied and examined in a Philips 201C
model , trangmission elec:trop microgcope at 60 KV. .

Similarly blocks prepared from healthy papaysa
tissue using Spurr's yesin were cut and sections were used
to compare with the sgactions of infected tisgues as a part

\

of control treatments.

3.10 Screening of Ga;'ipéceae,for resistance to PRSV s

Sixteéen cultivars of Csrica papaya viz., Co-l,
Co=2, Co=3, Co=4, Co3, %6, Coorg Honey Dew, Honey Dew,
Pant Pspaya-l, Pusa Délicious, Pusa Dwarf, Ranchi, Solo,
Solo Hawail, sunrige Sole and ﬁashingﬁon; G, gauliflora and
an interspecific hybrid between C. ceulifiora and C. papaya

were screened in order to locate a source of reststance %o
PRSV. Test plants of papaya cultivars, an interspecific
hybrid and €. caulifiora were raised from healthy seeds sown'
in earthen-pots containing steam~ sterilised soll, sand

and’ e_qmpost‘ (2:1:1) mixture and maintained in an ingect-
free glass housé-e' Twenty healthy~50 day old geedlings of
each test cultivars, an interspecific hybrid and

g
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G- gauliflors were inocul ated with PRSV (PBN-FF igolate)

by conventional leaf-rub méthod using O.1 M phosphate buffer
(pH 7:0) containing 0.1 per cent PIECA as an extraction
buffer and carborundum (800 mesh) as an abrasive. "Papaya
ringspot virus® (PRSV-PBN-FF) maintained on Washington
cultivar of papaya was used as source of virus inoculum.
After inoculation, all the test plants were washed with
water and maintained in an insect-free glass houge. Healthy
seedlings of test cultivars, an interspecific hybrid and

C. cauliflora inoculated with digtilled water and
carborundum served as controls. All the test plants were
regularly obgserved for symptom development. -Observations
were also recorded with respect to incubation period,

number of plants infected, symptoms and plant height:

For assessing the vari_etai reaction, the followlng
disease rating was adopted.

Immune (I): Inoculated test cultivars not developing any
symptoms of PRSV and virus also not recovered by back
indexing on summersquash (cv. Patty Pan) test plants:

Tolerant (T): Inoculated test cultivars not developing any
symptom§ of Pii_SV but virus was recovered by back indexing on
sumersquash test plants.

suaceptible (S): Inoculated test cultivars showing all the
charaqterfgtic symptoms of PRSV and virus also recovered
readily by ‘back indexing on summersquash test plants.



RESULTS




4  BESWTS

4.1 Disesse incldence and field symptoms

The results of surveyes made in 10 papaya
plantations in nine .lOOa;itieg' of Thane, Aurangabad, Beed,
Latur, Nanded, Osmanabed; Parbhani, Pune and Akola
repregenting different regions of Maharashtra State viz.,
Konkan; Marathwada, Vidharbha, and Wegtern Maharashtra,
for the incidence of 'paﬁaya ringspot wvirus® (PRSV) are
given in Table=l. The results indicated that the
incidence of PRSV was found to range from 53 to 100 per
cent during winter months of 1985-86.

The plants of recently introduced papaya cultivars
viz., Co=l, Co=2, Co=3, Co=4, and Co=5 and an interspecific
hybrid ( C. gauliflora x C. papays) showed 100 per cent
infection by PRSV in the plantation from the Puné locality.
Cent per cent incidence of PRSV was also found on plants
of Washington cultivar in plantations from localitlies of
Parbhani, Pune and Beed districts, whereas the plants of
same cultivar from the plantation in the locality from
Aurangsbad district recorded lower disease incidence
(62 per cent). Comparatively, low disease incidence was

. vecorded on plants of different local cultivars in

plantations from localities of Parbhani, Nanded and Akolea
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PLATE - I
Fig. 1 ¢ Field -érown ‘PRSV i-nfectéd--papaya—plant
with symptomg of mosaic on leaves.
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districts: The plants of a local cultiver of papaya grown
in the locality of Thane district, Co-~l cultivar grown in
locality of Latur digtrict and that of Solo cultivar grown
at Pune recorded 100 per cent infection by PRSV.

Observations made for the colonisation of sphidg
on papaya plants in papaya plantations in different
localities revealed the sbsence of aphid colonisation:
However, intercrops and crops groﬁn in the vicinity were
found to be colorised by different specles of aphids.
Crops like okra, bottlegourd, ridgegourd, watermelon,
brinjal, chillies and cotion were found to be colonised
by the melon aphid, égh_g.__g_ gossypil. :I'he green peach aphid,
Myzus pexrsicae was found to be colonising on cabbage.

g_glqtzppis gg‘ggnté,a, a common weed in fields was found to
be infested by the oleander aphid, Aphis peril. Leguminous
crops like cowpea and groundnut were found to be colonised
by the black legume aphid, Aphig cracecivora end clusterbeans

by Acyxihosgiphon pigum, the pea aphid. Graminaceous hosts
like pearl-millet and sorghum were found to be colonisged by

" Melanaohis sacghard, the sugarcane aphid and Bhopalosiphum
maidis, the corn-leaf aphid.

The field infected pspaya plamts by PRSV ghowed
characteristic symptoms on foliage, petiole, stem and
fruits. The follage symptoms included mosaic (Plate-I,



PLATE - II

- .- M e = e - - . - .-

Fig. 2 Field grown PRSV-infected papaya plant
digplaying severe digtortion and
shoestringing symptoms en papaya leaves.

Fig. 3 Field grown PRSV~infected papaya plant
showing green to dark green spots and
stresks on stem and petioles.






Figo 4 ¢

Figo 5 3.

BLATE - III

PRSV- infected papaya fruit showing
water-soaked, dark green, circular
spots ard rings on the rird.

PRSV- infected papaya fruit exhibiting
large rings and line patterng on the
rind.
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Fig.l) » severe distortion and shoestringing (Plate-II,

Fig. 2) Stem and petiole symptoms included ligh‘t green to
dark gfeen. water-sosked spots and stresks (Plate«II, Fig.3).
Fruits from infeq,;ted papaya trees exhibited watei-soaked,
dark green, circular spots (Plate-III, f1§.4) and rings
which often coalesced to form large rings and line patterns
(Plate~I11I, Fig-5) ‘

4.2 ‘ Isolates 3

Ten lsolates of PRSV, one eash from Konkan and
' Vidharbha, two £rom Western Mahsrashtra and, six from
Marat;hwada regioné were collée‘bed. ‘naméd and abbxeviai';ed
after the localities fxom which -these wex:e collegted.
These includad AKL; AUR, 'LTR,’ NAN. 0SB, PBN(FF), PBN(HB),
PUN.HCeGope, PUN—C.p. and THA. These isolates wern
transmitted 1nit1ally oh diagnostic hos‘l:s 1ike Washington
papaya and summersquash ¢v. Patty Pan by mechanical sap
inocul ation. albsetiuently, these isolates were maintained
on Wasbington papaya and summersquash plants either by
mechanical sap inoculation or aphid inoculation amd were
used .for further studies- "The reactions of diagnostic
hosts to each of the 10 isolates are shown in Table =2.
No apparent differences in reac"ki‘bns of diagnostic hosts
to 1O virus isolates were noticed. . On papaya cv. Washington,
' these isolates reacted oniy systemitally producing syn;ptoms
of c'hl{:rg'sis, veineclearing, -mo@tling " ,;x;@sg:!.o, bligtgring,
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severe leaf distortion and shoestringing, while on
summersquash ov. Patlty Pan, the systemic folisge symptoms
caused included veinecleasring, patchy veinal chloresis,
mosaic and leaf distortion (Table -2).

4.3 Trangg_i_ ssion @

4.3.1

The results on mechanical transmissieﬁ of 10 PRSV
isolates from papaya to papaya (ev. Washington) are
‘presented in Table-3 « It is evident from the data given
in the table ‘that &ll the ten PRSV isolates viz., AKL, AUR,
LTR, NAN, 0SB, PBN(FF), PBN(HG), PUN-HC.c.p., PUN-C.p. and
THA were readily transmitted from papaya to papaya by
méchanical means using convenﬁon‘a_l leaf~rub methed with
(0«1 M phosphate (pH 7.0) contalning 0.l per cent DIECA)
ard extraction buffer. All the 10 PRSV isolates reacted
systemically without any apparent differences in the
symptom expression and also in the sequence of symptom
sppearance and incubation periocd. The level of mechanical
transmigsion recorded for different isolates was as high
as 100 per cent. In all the seedlings of papaya, which were
irocul ated with differert isclates, the initial symptoms
of chlorosls and veineclearing appeared on young leaves 14
days after virus inoculation (Plate-IV, Figs. 6 and 7A).
The subsaquent symptoms observed were mottling, mosalc
(Plate-IV, Fig.78), blistering (Plate-V, Fig.8) different
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Figo 6

Figc 7

L 14

PLATE « IV
PR&V- infected papaya plant-in glass
house-showing initia)l symptoms of - -
chlorogis-and- vein-clearing on-newly-
developing leaves- upon-mechanical sap
and aphid inoculations.

PRSV--infected papaya-leaves displaying
veineclearing (A) mottling and mosaic (B)
symptoms.






Fig. 8 ; PRSV--infected -papaya-plant: exhibiting
symptoms of blistering on leaves

Fig. 9 PRSV- infected papaya plant displaying
symptoms of mosalc, blistering and
distortion of leaves.






Figs. 10

R R - - .t - - -

PRSV.' infected- -papaya plants displaying
slight distortion of leaves.

- - - - PE - - .

PRSV~ infected papaya plants-displaying
moderate distortion of leaves. :






PLATE - VII

Fige 12 ¢ PRSV~--infected-papaye plant-displaying
severe digtortion symptoms on leaves.

Fige 13 :+ = PRSV~-infected papaya-plants-showing -
" extremely severe digtortion of
leaves (shoestringing).






Flgs. 14 :

° YBLATE VIII

.- w o= P

PRSV.--infected papaya leaves
showing -mosake -and -varying
degree -of -distortion and
shoestri nging .






Fige 15

PLATE- IX

—— - - Mmoo EE -

PRSV-, infected papaya plants
showing-twisted- petioles and
assumlng-a " spring-like®

appearences






PLATE . «-X .

Fige 16 ¢ An-healthy petiole of papaya plant (A);
‘petiole from:PRSV- infected- papaya
plant showing brownish stresks (B).

an e T Chem e e e e .

Fig. 17 ¢+ 4An healthy stem of- papaya plant (A);
stem-from-PRSV~-infected-papaya— -
plant exhibiting dark green water-
soaked spots and streaks (B).






" e e a e mem P L

Fig. 18 ¢ ' fPRSV- infected papaya plants
digplaying-severe stunting _
(dn foreground) -In the : - -~
background - unioncul ated healthy
tall, papayaplant.






158
degrees of leaf distoruon {Plates V to VII, Figs. 9 to. 12) -
and shoestringing ( Plateg-VII. and viiI, Figs. 13 and 14).
These symptoms were evident in a sequence of a time gap of
1 to 2 weeks. In some pepaya cultivars like d:'-l, _Coe2,
Cow3, Pusa Delicious, Pusa Dwarf and Solo, peticles of .
infected plantg showed characteristic twisting and assumed .
*spring-like" appearance (Plate-1X, Fig.15). ALl the
infected plants showed premature léaf shedding leading to
denuding of stem bearing a_few or cluster, of small
threasd-like leaves at the top. Green_ to. dark green or
brown spets or streaks with a water-soakesd appearance were
evident on petioles {Plate=X, Fig.léB) and stems (Plate-X,
Fig:17B} of infected plants 20 to 2% dayg after virus
-;na.c,ulation- AJ.J. the infeoted plants exhibited retarded
growth and were markedly stunted (Plate~XI, Fig.18). .

Duxi;ng summer monthgy masking: éf digease symptoms
was observed and plants which showed ;évere symptoms during
winter mdnthé,, produced apparently normal leaves during
summer. These plants, howevel, again showed severe disease
symptoms with -the onset of monsoon amd "ialﬁl,-"in .‘l:‘emperatu:es.
In al} ‘the digeased plénts; svmptomé disap‘p'earéd'during the
- month of April and remsined symptomless till the first
" fortnight of Ju{iy. In all fhe symptomless p}:aﬁ%s, the
revival of symptoms was. evident from the g::e«:_éé:'ndw fortnight‘
of July and by the first fortnight of August, all such
plants exhibi;!;ed severe leaf e}'iaferti,én a}id shoéstringing



159

-

foliaga symptoms and water-soaked spots oz streaks on
pe'k:lolea and stema.

4.3.2 .. . . Aphid transmission of ten PRSV isolates °

The resu.tts‘ of. aphid t‘ransmiss.ton test; carried
out‘ foz ten PRSV :isolates are presanted 1n Tsble-4a and
graphically iR I-‘i.g-(l‘?)- "The data presented in table and
graph indicated that all the 10 PRSV Asgolates were readily
transmitted from papaya to papaye (cv. Waghington) in &
ndnapbrsiste‘nt manner by 8 ephid species. All the B.
aphid species :-iiii.-,-'A gyzt ‘hogpghgn ‘pigum, Aphis ggacgvora,
}_Qs g_ggmg. A+ perii; Melanaghis saccharl, Myzus persicae,
g_hggwg._e___g__;_s_ and ‘Uroleucon ‘compogitae, were found to
be the vec'kor of 10 PR®Y Ysolates ie. ARL, " AUR, LTR, NAN,
asa, PBN(FF), PBN (KG), PUN-HC.c.p., PUNSC.p and THA.
However, the vector efﬁ.ciency was found to vary with the
spee.ies. The green peach aph.td, l\jz___ E_x';sio ‘'wag found to
be the mas‘k efﬂ.oient veutér. tzansmitting all the igolates
:of PRSV te the extent uf 100 po: cent. ‘Ihe othér vec‘tors
of PRSV isola'tes in ordex of meri'!; with respect to
: eff:lclency 1nc1uded tha cotton aphid, ﬂm gossypii

(m-?@ 15 per cent), “the oleander aph.id, As neri.i {ave.
,84.50 per cent) and 'khe aaﬂlower aphid, U. m

1 ‘
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Ap= Acyrihosiphon pisum

A.c = Aphis craccivora

An=z Aphis nerij

R —

9= Aphis gossypii

l Scale: 1cm=gp percent |

Ms - Melanaphis sacchari

M.p. = Myzus persicae

R.m:= Rhopalosiphum maidlg

e S

Uc = Uroleucon compositae
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Eight aphid vector species

EFFICIENCY AND PROPORTION OF TRANSMISSION
OF TEN ISOLATES OF PRSV B8Y EIGHT APHID

VECTOR SPECIES
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(ave. 78 per cent). The other four aphid species viz.,
the pea aphid, A. pisum (ave. 58.5 per cent), the black

legume aphld, A. craccivara (ave. 54 per cent), the maize
aphid, R. maidis (ave. 47 per cent) and the sugarcane
aphid, M. gsacchari (ave. 46 per cent) were comparatively
legs efficient vectors.

Moreover, glight variation was found with
respect to incubation periocds. For instance, inm case of

transnisgion,.!_.nvolving_‘l aphid species viz., A. pisum,

A qgafcivorg,. ﬁ. .gossypii, A.. neril, M. sacchari and

U. compositae, all the 10 PRSV igolates caused initial
foliar symptoms of ¢hlorosis and veinsclearing on the

test pepaya seedlings within 12 days after wvirus

. inoculation, whereas, in case of R. maidis, ali the igolates
produced initial follar symptoms of chlorosis ém vein-

. cleardng on test papaya, seedlings w’i'l:bin J;l days after virus
inoculation (Table-4a). The symptoms produced on test

. plants upon sphid inogulation, were &deptiaal with thoge
that were produced on ‘%est plants upon mechanical sap
i1noculation (Table~4b). Howaver, incubation period for
initial symptom development was comparatively sherter in
case of aphid inoculation of %test plants (1l-I2 days)
(Table-4a) than by mechanical sap inoculation of test plants
(14 days) {Tablew3).. '
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The results of transmission of PRSV-PBN(FF)
dsolate, from different infected tissues, employing

mechanicel sap and aphid inoculations are shown in Table-5.
The data given in the table revealed that the virus could
be eagily transmitted from different virus source tissues
viz., 1lesf, petiolé, stem and fruit, to healthy papaya
seedlings by both mechanical sap indculation and by two |
aphid vector specles viz., Aphis gossypii and Myzug

persicae. ©Of the four virus source tissues tested,

infected leaf was found to be the best source of virus
inoculum for PRSV {ransmission by gxechanical sap ard

aphid (A gossypii and M. pergicse) i;loculat:l;ons, followed
by fruit, stem and petiole. However, differences were
found to exlst among the virus source tissues with respect
to percentage trangmission under both the methods of
inoculation. For ingtance, in caéepf' leaf as a source
of virus inoculum, the level of trshsmission was found to
be as high ag 100 per cent when inocul stions were made
through infected sap and viruleferous aphid species of

M. persicae, while it was only 80 per cent with an aphid
vector species of A. gogaypii. In case of petlole as a
gource virug inoculum, the level of transmission by
mechanical sap inoculation was at par (60 per cent) with
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that of a inoculation by aphid vector species of
M. persicae, while it was comparatively low for an aphid
vector specles of A. gossypii (50 per cent). When stem was
used as virus source inoculum, a low transmission value
was recorded in cage of mechanical sap inoculation (45 per
cent) as compared to inoculations by aphid vector species
1tke M. persicae (80 per cemt) and A. gogeypii (60 per cent),
There were no significant differences among PRSV
transmigsion vgiu*es between sap (75 pex cent) and two aphid
vector species viz., A. gossypii (70 per cent ) and
M. Egrsicée (80 per can‘t);:wh,an frult was used as a source
for virus inodulum. The incubation peried of the vi;v:us was
also found to vary with the methods of inoculation used for
the tranemigsion of virus from different source tissues.
Thus, upon mechanical sap‘ inocul ation, virus fr'om‘ different
source of tisgues, the incuiaation pe;‘:iod was 'found tjo,be
slightly longer {14 days) as compared %o & shorter )
incubation period (12 days) resulting from the irioculation
by aphid (A. gossypii and M. persicge) vector species. All
the test plants, upon mechanical sap and aphid incculations
produced 'qpa:acterigtic symptoms of PRSV viz., leaf
distortion and shoestringing,(Table~5).
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4:3+4 Virus-vector relationship : -

4¢3+4.1 Efficiency of d fferent morphological forms of the

aPhids in,PRSV transmission 3

4 . The yresults on the efficiency of morphological forms
of A. gosgypii and M. persicae in PRSV (isolate PBN-FF)
transmission are shown in Table<=6a and ‘¥epresented
graphically (Fig«20). It is revealed from the table and
graph that varioys morpholagical forms viz., nymphs, alate
adults and spterate adults of A, gogsypil and M. persicae,
were capable of transmitting PRSV. However, there

existed significant differences in the level of transmission
betyeen differenﬁ'gopphqlogical formg. For instance,
apterate sdults of . A, gossypii, (90 per cent) and M« persicae
(_mé?_pgr‘p?qt). were most efficient in transmitting PRSV than
alate adults aﬁd:nymphslliable-6a) {Fige20).

4e3ede2 Influence of the numher of aghids in HRSV
transmission :

-

The results on the influenpe of number of aphids
on PRSV (1solate PBN-FF) transmission are shown in Table=6h
and also presented graphically (Flg.21). It is revealed-
“~from the iable énd graph that g,single aphid of A. gossypii
and M. géisicae was able to trangmit PRSV to the extent of
20 pg# cent. ;The percentage transmission was, however,

found to increase with an increase in the number of



Table 6a: Transmission of PRSV(isolate PBN~FF) usging
morphological forms of two aphid vectors.

sr. Form of No.of - No.of  Aphid species and %
No. aphid 7§higs tfsti , O i
plgf,a.- 7-33313- fphig gossypild My2ug persicae
species '
1. Alagte gdult = 30 20 0 .45
2. Apterate adult 30 20 90 100

3. Nymph 30 20 25 35

- - - - T N e - o m e e - - e e

Table 6b: Effect of different number of aphids on transmission
of PRSV (isolate PBN.FF).

gr. No.of” RNo.of_ Aphid specfes and transmission
No. aphids test i S s S

/test plants his goss ii. s z Tomo .

species  No-of _ &% infe- WNo.of . % infe-

plants ction. plants . ction.

infected infected
1. 1 20 4 20 4 20
2. 5 20 4 20 8 40
3. 10 20 8 Q0 16 80
4. 15 20 12 60 16 85
5. 20 20 16 80 20 !EE{
6. 25 20 18 90 20 100
7. 30 20 20 100 20 100
8. 35 20 20 100 20 100
9. 4 20 20 100 20 100
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viru;efeipps_gphids, The number of aphids required to
achieve 100 per cent transmission varied with the specles.
of aphids. For instance, in cese of M, persicae only 20
aphids per plant were required %o obtain . a 100 per cent
transmission level, whereas in case of ‘fy gogsypii, 30
aphids were required to obtain 100 per cemt transmission.
No spparent decline in PRSV transmission, however, was
found, in case, the number of aphids exceeded 30 per test
plant, in both these aphid (A. gogsypil and M. persicae)

vector species.

4.3.4.3 Effect of preeacquisition fasting pericds aiven
1_:0 aghi@ vector species on PRSV transmission :

The results on the effect of presacquisition
fasting periods given to Ar gossypii end M. persicae on
PRSV (isolate PBN-FF) transmission are presented in
Table=6c and .graphically in (Fig.22), I% is reveeled -from
the table and graph that pre-acqiisition fasting period
' was ghown to increase the efficlency of trangmission over
control i.e. the aphid vectors without any pre~acquisition
fasting periods. Maximim transmission of 90 per cent and
100 per cent was obtalned in case of A. gossypii and |
M. persicae respectively, when the-aphids were gsubjected to
1 hour pre-acquisition starvetion. It was further found -
to degline progressively after 1 hour pre«acquisition
fasting period t411 1% came equsl to no~fasting treatment,
at 6 hours.



Table 6¢: Effect of different pre-acquisition fasting
periods on the efficiency of vector species
in PRSV(1solate PBN<FF) transmission.

sr. Fagting No.of No;bf~ Aphid species-% transmission
No. (hours) 7ghids test Aphis gogsypii Myzus persicae

plants

plant /aphid~
specles E
1 Q- 30 20 10 20
2. 0.5 30 20 60 “70
3s 1.0 30 20 90 100
4. 2.0 30 20 80 90
5. 3.0 30 20 60 80
6% 4.0 30 20 %0 60
7o 5.0 30 20 40 40
8. 6.0 30 20 20 30

L - [ e T .

Table 6d: Effect of different aeq:isition “feedin R%vperiods on
the efficiency 6f vector species inP (isolate
PBN»FF) transmission-

- -~ e . e -, - — -

Sr. Acqui-_ No.og Np.pf cieg amission
No. sition aphids test.. Aphis gossypii Myzus persicae
feeding” /test  plants
(minutes) plant  ~/aphid

spepies- '
1o 1 30 20 20 30
2. 2 30 20 45 , 50
3. 5 30 20 85 100
4. 10 30 20 75 80
5. 1% 30 20 65 70
6. 30 30 20 60 60
7. 60 30 20 $0 40
8. 120 30 20 30 30
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4.3.404 Effect of different acquisition feeding periods

The results on the effect of different acquisition
feeding periods given to A. gossypii and M. persicae for
testing thelf efficlency in PRSV (iselate~ PBN-FF)
transmigsion are presented in Teble-6d snd graphically in -

. (Fig.23). It ig revealed from the table and graph that the

aphid vector specles acquired the virus from infected source
within 1 minute. The rate of transmission recorded fer 1

minute acquisition feeding was as low as 20 and 30 per cent
respectively fc;r As gogaypii and M. pergicse. However, the _
transmission efflciency of vectors was found to incieage
with an increase in -acquisition feeding. It was highest at
en acquisition feeding of B minutes for both A. gogsypil

(85 per cent) and M. pergicae (100 per cent). Further,
increase in aaquiéi‘hion feeding time was obgerved to be
¥esponsible for decrease in virus‘%ransmission by both the
aphid species. ‘

4+3.4.5 Effeet of different inoculatior feed eriod

given ‘bo aggg d gec'l';or gggcieg’ on PRSV trangmigsion :

The ¥esults of the different inoculation feeding
periods given to aphid vectors for testing their efficlency
in PRSV (isolaté PBN<FF) transm‘i,ssidn are presented in
Table~6e and graphically in {Fig.24). 3t is revesled from




Table 6e: Effect of different inocul stion feedin, riods
‘ ' ‘on ‘the efficlency of aphid wectors in Rsv(isolate
PBN-FF) transmission-

Sr» Inoculat:lon No.of©  No.f  Aphid species-¥ trans-

No. feeding © aphids/ ‘%est - _mission ‘
(minutes) : tes‘f‘t lﬁ?}‘s/ Aphis~" - MyZus

pla | - :gec Los gossypii persicae

1. 30 20 25 30

2. 2 30 .20 50 50

3. ) 30 20 55 60

5. 15 30 20 85 95

6. 30 30 20 70 5

7. 60 30 20 60 60

8. 120 40 43

30 20

Table 6f: Persistence of the PRSV(iscla‘be PBN-FF) in two
aphid vegtor species.

Sre Tranemi- Nosof  Aphid specie and er al “tran on%
No. ssion tests .5 gossypil persicae

A
feeding -condu- - , s.sﬂ..e.s_gi_nlan!a...
(minutes) cted. "1 2 3 4 § 1 2
L1 1 + - - - t e e o= -
l 2 T - e - - + +* - - -
3. "" - - - - - + - - -
2 g + - L d o - ‘~+ "- - - -
3, + - - - - + - L - -

'!'/' = (-i-) = test plants infeéted by aphid inoculation;
(=) = test plants not infected by aphid inoculations.
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the table and a g.'r:aph that i minute feeding on test plant
was sufficﬁ.ant to in.ttiate infection by both the . specieés

of aphids, A. gessmii (25 per cent) and M. persicae

(30 per cent) However, 'tha percen'kage 1nfect1vity 1ncreasld
with prolonged inoculation feeding periods on test plant.

An ‘inocul atioh. feeding of 15 minutes virtuslly resulted in a
higher Faté of virus transmission in both the aphid vector
species 1.2 A gogazgii (85 per cent) and M. persicse (95
per cent) and found to be optimum inoculation feeding period
for aphid vector species in PRSV transmigsion. There was,
howaver, no 1ncrease in the percentage transmission by
further im;rease in the inocul ation feeding periods.

4.3.4.6 Persistence of PRSV in the aphid -vector gpecies :

The regults on persistence of PRSV .(isolate
PBN-FE;)" in t:he aphid vé_ot_or species are presented in
Table<6f. The data given in the table indicated that in both
inoculation feeding pexiods, the viruleferous aphids of
ﬁ- gosgm and {\1_ persicse ¢aused infection upto second test
plan'b serieSo Howevex, the shé:.;tex' inocul ation féeding of
.1 minute, had no infection on the firgt teogt plant serieg,
whereas feeding for 2 mimites had positive transmission
on firgt and second "&'est piant' gseries in case of l\_g pexgicae.
M. persicse was able to infect 3 out of 5 héalthy plants of
secom'.series_, but A. g,b.m pid did not infeét any plant
aftexr 1t hed fed on the first series of test plants. The
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aphidg of A. gogsypii and M. persicae, were, therefore,
unable %o retain the virug beyond initial feeding of few
minutegs. This indicates that the PRSV beirig transmitted

by aphid vectors in the non~persigtent mannex.

4:3.5 Se_ed 'hransmissi.org 3

| The results of PRSV transmission through the seeds
of papaya, using " growing-on"™ and ®indicator® inoculation
tests are displayed in Table=7. It is revealed from the
table that PRSV was not found to be seedsborne in papaya,
even after 2,200 seeds extracted from virus-infected frults
were tested in five lots. Purthefmore, none of the seedlings
grown from 4,400 seeds originated from infected and healthy
fruits, showed the gymptoms of the virus and the virus was
also not recovered in pooled samples. Moreover, infections
of frults by PRSV did net reduce seed germinstion significantly
-(Tablea-’?) e

44346 Graft trans on

The results on graft tranamission test (Table-8)
indicated that PRSV { i;solate PBN=-FF) could be successfully
transmitted from infected to healthy papaya plants by .
"approach~qrafting”. The éxtent of transmission was as high
as 100 per cent and initial foliar symptoms of the disease
like chlorosis end velnwclesring were evident on the seions
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(healthy Pl;ants) within 25 to 60 days after grafting
(Table~-8). The symptoms produced by grafting on test plants
were similar to those produced on,test.élants by mechanical
sap inoculation and aphid inoculation tests.

4.3.7 Bodéeg transmission :

The results on dodder transmigsion of PRSV
(1solate PBN-FF) are prés‘ented in Table=9. From the data
depicted in Table~? it ig obvious that PRSV could be
transmitted from infected to healthy papaya plants by
dodder (Cugcuta species). The dodder transmission of PRSV
was as high as 80 per cent with an incubation period 25 to
35 days after the establishment of dodder contzets. Symptoms
produced on test plants by dodder transmission were similar
to those produced on teat plants by mechanical sap, aphid
and graft inocul atlons. '

4.4 Host range :

The :;'esul'l;s of host range studies of 10 PRSV
isolates using mechanical sap and aphid inoculations are
presented in Table=10. Of the 41 test plant species,
belonging to nine different families, PRSV isolates infected
14 plant specles belonging to 3 familles of Caricaceae,
Chenopodisceas and Gueurbltaceae. Therefore, the host range
of the virus was intermediate. Two plant species from
Chenopodiacese were only the local legion hosts of the PRSV



Table 8:

Graft transmission of papaya ringspot virus(PRSV)

No.of No.of % trans~ Incubat- Symptoms on

plants plants misgion ion period graft inocul at-

grafted infected (in days) ed plants.

20 20 100.00 25 to 60 Chlorosis, vein-

clearing mosaic, _
_bligtering, dis-
tortion and shoes-
tinging on leaves
and water=-soaked = _
green to d arkgreen
streaks on petioles
and gtems. i

Table 9: Dodder ( Cuscuta species) transmission of papaya

ringspot virus (PRSV)

No.of  No.of % trans- Incubat-  Symptoms on dodder

dodder plants mission ion period inoculated plants.

uniong info- (in days)

establi~ cted.

ShEdo

20 16 80.00 25 to 35 Chloresis, vein-

clearing, mosaic,
blistering, distor-
tion and sghoestring-
ing on leaves and
water~gosked, green
to darkgreen streaks
on petioles and
stems. .
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isolates. - Twelve plant species in Garicacese and
Cucurbltaceae were invaded. systemically by 10 PRSV isolates.
Moréover,  the results in Table«l0 alse indicated that
apparently no differences weye found among 10 PR&V-isolatés
.wdth respect to host :ange and reactions of 14 susceptible
hogts. The details of the reactions of susceptible hosts

are described as under s
I. Caricacese

1) .Carica cauliflora

Cs cauliflors reacted only systemically to all the
isolates of PRSV, without producing any visible symptoms,
by both mechanical sap and aphid inoculation of virus
isolates (Table=10):  However, virus was recoversble from
non«inocul ated lesves by back indexing on indicator hosts.
~All the 10 PRSV igolates caused symptomlass infection in
C. gaulifiora (Table-lO).

2) an;gﬂ.g_a_'ggz_a_-. GV Waéhington

washington cultivar of papaya reacted syatemioally
to all the ten PRSV igolates. The incubation period of ten
1sclates slightly varied with the method of inoculation.
Thus, in case of mecﬁanical sap inoculation, all the
isolates exhibited 1n1tial symptoms of chlorosis and
veinegclearing within 14-days after virus inoculation,
whereas all the isolates exhibited initlal symptoms of
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chlorosis and veinwclearing within 12 days after virus
inoculation by aphid vector. The percentage infectivity of
ten PRSV igolates also differed depending on the type of
virus lnoculation methods employed: For instance, agphid
inoculation of virus resulted into 80 to 100 per cent
infectivity (ave. 90.5 per. cent), whereas it was as high as
100 per cent ln éase of virus inoculation by mechanical sap
inoculation (Table=10). In spite of differences in per cent
infectivity and incubation periods, there appeared a
striking similarity in symptomatology and sequence of
symptom development on test plants inoculated by mechanical
gap as well as by aphid vector species:. The systemic

" foliar symptoms recorded for 10 PRSV isolates included
chlorosis and vein=-glearing, mottling, mosaic, blistering,
distortion and shoestringing. Symptoms like green to
darkgreen, water-goaked spots ard streaks on petioleg and
stems were also evident on the infected plamts. All the
infected plants were markedly stunted (Plateg=IV to XI,
Figss 6 to0l8).

II. Chénopodi acese ¢

€. amaranticolor was infected by all the 10 PRSV
igolates inciting chliorotic local lesions surrounded by
reddish borders on the inoculated leaves within 16 days after
virus igsolate inoculations (Plate~XII, Fig.25).
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