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INTRODUCTION



I. INTRODUCTION

The paoava (Carlca papava L.) is an unusually 

interesting plant of tropical and subtropical regions.of 

the world producing fruits of many uses*. It is. a.native 

of..tropical America, and was .introduced Into. India in.the . 

16th century♦ The papaya is now grown in all.the tropical 

and subtropical countries including Australia, Bangladesh,

Brazil, Burma, Caribbean-Islands, Central and. South-Africa, 
Hawaii, India, Mexico,. Pakistan, Peru, Phillippines., Puerto 

Rico,.. Sri. lanka, Taiwan}..the USA (Texas, Florida and 
California) and Venezuela*

.................Botanically, Carlca papaya.L.,. is. the. type species

of.the family Caricaceae within the.prder Passifloralss- 

According, to Harms .(1925), the Caricaceae. are divided .into, 

four genera viz., Carlca. Monoica. Jacaratia and Cvlicomorpha*

The. first, three belong to tropical America,., particularly__

Mexico, and Cvlicomorpha had its original habitat in Africa*

The genus Carica contains about 40 species, but.only three 

are of horticultural importance. These are C. papaya, the 

common papaya} C. c and amerce nsis, known as mountain papaya, 

and £* monoica found in Amazon basin.
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............. Papaya nPt.pnly a source .of food but hasmapy uses

in Industry and medicine.. . The fruits,.can.bo used in the 

preparation,of salads,. pies. Jams, ice-cream flavouring, ... 

crystallised fruits, and are canned ..in syrup.. The seeds, .are 

also.used for their medicinal, value and unriped fruits, are 

cpmmpnly used as vegetable in copicing.*, JPapain, ^prepared from 

dried latex of immature fruits, is a proteolytic enzyme 

similar.in action to.pepsin, is. in great demand in the 

international mar Ret, particul arly .in the UK. and .theUSA.

Papain has severjl uses.in the industry . as. an essential.....

Ingredient in pharmaceuticalt textile, tanning and brewing, 

industries (Purseglove,...1968} Fpyetf .1972). Papain, is.used 

ip tender! si ng^ me at} cleaning of been. in. the. manufacture 

of,.cosmetics}, in the degumniing, of.silk, and raypnj in the 

pre-shrinking of wool. and in the tanning of ^leather., It has 

also .several.uses ..ip the. medical, field including treatment 

of. necrotic tissues,, dyspepsia,. and other .digestive ailments, 

ringworm and roundworm infections., skin.lesionsandulcers, 

eczema and other, skin, diseases _and in .kidney disorders..... 

Papain is.used indetecting stomach and intestinal cancer 

and also in correcting diphtheria* According to Singh et_ al. 

(1983), an alkaloid carpalne produced by papaya has been 

utilized as a diuretic and a heart stimulant.
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/Additionally, papaya Is also a wholesome, delicious 

and refreshing fruit occupying 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 fruit has the 
following composition and food value: moisture 89*6 per cent, 

protein 0*5 per cent, fat 0*1 per cent, carbohydrate 9*5 

calcium 0*01 per cent, phosphorus 0*01 per cent, iron 0*4 
per cent, vitamin A 2020 IU/100 g, B2 0*04 rag/lOO g, vitamin 
C 40 mg/lOO 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), Ohule 

(200 ha), Nasik (100 ha), Thane (100 ha), Ahmednagar (100 ha), 

Pune (100 ha), Solapur (100 ha), Aurangabad (100 ha), „

Parbhani (100 ha), Buldana (lOO ha), fikola (100 ha),
Amravati (100 ha), Yavatmal (100 ha), Wardha(lOO ha) 

and Nagpur (100 ha) ( Anonymous, 1979- 80).
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A large nu&ber of so-called papaya varieties Is 

found 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 these varieties have 

mixed inheritance which makes them highly variable in 

performance* These varieties include Bangalore, Barwani, 
Ceylon, Co-1, Co-2, Co-3, Go-4, Co-5, Co-6, Gujrati, Honey 

Dew, Coorg Honey Dew, Kurghanl, Madhu Hindu, Philippines, 
Poona Long, Poona Round, Pant Papaya-1, Pant Papaya-2,

Pant Papaya-3, Pusa Delicious, Puss Dwarf, Pusa Giant, Pusa 
Majesty, Ranchi, Red Fleshed, Selection No* 7, Singapore, 

Solo, Solo Hawaii, Sun Rise Solo and Washington* In 

Maharashtra, 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 diseases* Several serious diseases of papaya have 

been reported. These include diseases caused by bacteria, 

fungi, mycoplasma- like organisms (MLO$), nematodes and 

viruses (Siramonds, 1965; Cook, 1972; 1975; Pathak, 1980; 

Verma and Prasad, 1985/86). The bacterial, fungal, MLO, 

nematode and viral pathogens infecting papaya are listed 

as below*
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I* Bacterial diseases :

1.
2.

5.

6.

7.

8.

Bacterial leaf spot s Pseudomonas carlca-papavae Robbs- 

Bacterial necrosis s Bacillus papayae Rant. 

gMiwaOteftasas *
Ant hr ac nose

Stem, foot or root 
rot and dampingoff

i Colletotrichum aloeosporioidea 
(Penz.) Sacc*

: Pythium aphanldermatum (Eds-)Fitz. 
Pbytophthora. parasitica Dast.. 
Corticium solanl (Prill. & Del.) 
Bourd. & Galz.

Curvularia leaf spot ; Curvularia carlea- papayae
Srivastava and Bilgrami.

Phyllosticta leaf t Phvllosticta sulata Chowdhury. 
spot.

Ascochyta leaf spot * Ascochyta carlcae- papayae Tar.

Leaf blight Helminthosporlum rostratum 
Drechl.

Cercospora leaf spot s Ceroospora oapavae Hansford 

St.Croix decline

9. Powdery mildews

i Cojvhespora caasicola(Berk. & 
Curt.) Wei.

* Ovulariopsls papayae Vander Bilz. 
Oidium caricae Noack. 
SPhaerotheca fullaineaCSchlecht. 
ex*Fr.)Poll.
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Ripe fruit rots s Alternaria tenuis Ness.ex* Pars-

% Phomoosis caricae- oapavae Petrk.
& Cif.

: Ascochvta caricae Pat.

: Colletotrichum gloeosporioides 
(Penz.) Sacc-

C. acutatum Simmonds-

; C. dematium (Pers*ex* Fr.) Grove-

Watery fruit rot t Rhizopus stolonifer(Ehrenb.ex*Fr.)
Lind.

Ill. MLO diseases :

Vectors! i) EmPoasca papavae Oman.-
(Adsuar, 1946; Story and Halliwell, 

1969) •
- il) E. stevensi Young.

( Hague and Paras ram, 1973)

Melold oavne incoanita(Kofold & 
White) Chitwood.

Rotylenchulus renifonnis 
(Linford & Oliver!a).

V. Virus diseases!

Quite a few virus diseases have been recorded on 
papaya* some of which have been well studied. The viruses 
naturally infecting papayas and their properties are summarised 

and presented in a tabular form.

1. Bunchy top :

IV. Nematodes % 

1* Root-knot nematode :

2* Reniform nematode :
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Of the various diseases.infecting papaya,"papaya 
ring spot virus" (PRSV), "papaya mosaic virus" (PMV) and 

stem rat or damping off are important* Furthermore, virus 

diseases of papaya, especially PRSV is known to reduce fruit 

yield, latex and sugar content of fruits (Moltzmann and 
Ishli, 1963j Ishii and Boltzmann, 1963; Khurana, 1970;
Sanchez de Luque et al., 1980: Barbosa and Paguio, 1982b)*

Papaya virus diseases are generally grouped as 

"ringspots" or " mosaics" and are usually associated with 
"poty" 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 
and whose particles are approximately 780 ran long with 

"potyvirus group" characteristics (Harrison gjLfii.*, 1971; 

Purcifull, 1972) and "papaya mosaic virus" (PMV) be used 

for viruses which are not aphid transmissible and whose 

particles are approximately 533 ran long with "pots* virus 

group" characteristics (Purcifull and Hiebert, 1971).

Earlier, an aphid transmissible virus disease of 

papaya characterised by mosaic, mottling, leaf distortion 
and reduction of leaf-lamina into filiform structures; 

characteristically elongated dark green streaks on petioles 

and stem; spots and rings on fruits and stunting of %&ole 
plant has been reported from Marathwada region during
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1977-78 (Yemewar and Mali, 1980). Based on limited studies 
like transmission, host range, physical properties and 
serologieal tests, an aphid transmissible virus disease of 
papaya prevalent in Marathwada region was identified as 
• papaya ringspot virus" (PRSy) (Yemewar and Mali, 1980) •

The occurrence of PRSV at an alarmingly high 
proportions in Washington, Solo and other newly released 
varieties like Co-1, Co-2, Co-3, Co-4 and Co-3 in recent 
years has become a cause of concern to papaya cultivation 
and papain production in Maharashtra State. Since, earlier 
identification of PRSV (Yemewar and Mali, i960) was based on 
limited studies, it was. felt necessary to identify the virus 
unequivocally using biological, serological and physical 
tests, which may aid in devising suitable control strategies 
of the disease-. Further, it was also felt necessary to 
ascertain the presence of PR&? in other regions of Maharashtra 
to know 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 
partial characterisation of the virus inciting "ringspot" 
disease of papaya prevalent in Maharashtra and also to 
identify the sources of resistance in Carlca species and 

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

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

2* Transmission studies viz*,

i) mechanical
ii) insect (aphid)

iii) seed
iv) graft
v) dodder

3. Physical properties viz*,
i) thermal inactivation point (TIP)

ii) dilution end point (DEP)
iii) longevity |n vitro (1IV)

4. Host range
5* Electron microscopy viz.,

i) leaf-dip preparation 
ii) ultrathin sectioning

6* Serology
?• Screening of species and varieties of papaya

against PRSV to identify the sources of resistance*
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2. REVIEW OF LITERATURE
* i

■i

l

Virus diseases of papaya (Cariea papaya L«) have 

been reported nearly from every continent where papaya is

grown( and, in many areas, severely restrict profitable 
production (Cook, 1972). The first report of a papaya

i

disease being attributed to a virus was made by Smith 

(1932) in Jamaica in 1929. Since then and until recently 

quite a few virus diseases have been recorded on papaya.

These include "leaf curl" (Sen sdLsL*, 1946} Marian!, 1956; 

Reyes et. al., 1959), * mosaic0 (Conover, 1962; Purcifull 

and Hlebert, 1971), 0 ringspot” (Jensen, 1949a,b; Purcifull, 

1972), "tomato spotted wilt0 (Gonsalves, 1968), "tobacco 

ring spot" (McLean and Olson, 1962)," apical or droopy 

necrosis" (Lastra and Quintero, 1981; Wan and Conover, 1981), 

"lethal yellowing" (Loreto gi. ai,.f 1983) and "Isabella 

mosaic" (AJsuar, 1972). Of these,"papaya mosaic" (PMV) and 
"papaya ringspot virus" (PRSV) are wide spread and 
extensively studied.

The world literature on papaya virus diseases, 

especially on "mosaic" and "ringspot" is very confusing*
In many cases, only the symptoms of the disease have been 

described. This is probably the reason that the different 

names are used for apparently identical viruses or' strains 

of the smae virus* Further, the slight ambiguity shrouding 

arthropod Involvement in "papaya mosaic virus, (PMV)
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transmission may perhaps be attributed to these 
nomenclature discrepancies* A virus causing "mosaic" 
of papaya would be distinct from the "papaya mosaic virus” 
proper and the properties assigned to the former may be 
confused vdth the latter and vice-versa leading to obvious 
disarrays* These nomenclature! discrepancies have been 
cleared through aphid transmission and electron microscopic 
studies made by de Bokx (1965) and Zettler et al,. (1968), 
who suggested that the name "papaya mosaic virus" (PMV) 
be used for viruses that are non-aphid transmissible and 
whose particles are 533 nm long with "potexvirus group" 
characteristics (Purcifull and Hlebert, 1971* Staith, 1972; 
Purcifuli and Edwardson, 1981); and "papaya ringspot virus" 
(PRSV) for viruses which are aphid transmissible and whose 
particles are 780 nm long with " potyvirus groupr* 
characteristics (Harrison fit. SL*» 1971} Purcifull, 1972; 
Edwardson, 1974; Edwardson §& fii.., 1964; Purcifull gi. &L*» 
1984).

Virus diseases of papaya reported since 1929 from 
Africa (Kulkarni, 1970), Australia (Slramonds, 1937, 1965), 
the Caribbean area (Acuna and Zayas, 1940, 1946; Baker, 1939; 
Gabrovska al., 1967); the USA (Florida) (Conover, 1962, 
1964a,b) and (Hawaii) (Parris, 1938; Holtzmann and Ishii, 
1963; Ishii and Holtzmann, 1963), India (Capoor and Varma
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1948, 1998; Garga, 1963; Singh, 1969a) and South America 
(Malaguti 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 woiihds and transmission by mechanical 

means and by aphids), Cook (1972) considered several of 

the syndromes described as the manifestations of the "papaya 
ringspot virus" (PRSV).

Since, the present investigation confirmed the 

identity of the virus causing severe leaf distortion and 

rings on fruits of papaya in Maharashtra State as " papaya 

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 Geographical distribution t

"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 tropical and subtropical regions of the world 
wherever papaya is grown* Though its existence had been 
reported by earlier workers under different names (Simmonds, 

1937; Parris, 1938; Acuna and Zayos,1940, 1946), the "papaya 

ringspot virus" (PRSV), was first described by Linder 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 Mvzus oersicae and three unnamed Aphis species 

as being shown capable of transmitting the virus* Since 

then, the occurrence of PRSV had been reported from several 

countries which include Africa (Jensen, 1949a; Kulkarni,

1970$ Lana* 1980), Australia (Slmmonds, 1937, 1965; 

Shanmuganathan, ,1980), the Caribbean countries (Adsuar, 

1947a; Story and Halliwell, 1969), China (Wu g& aL* i 1983),

par East (Wang a£,.aL*» 1978), the USA (Florida) (Conover,
\

1962, 1964a,b) and (Hawaii) (Parris, 1938; Linder et al*. 

1945; Holms si &•* 1948; Jensen, 1949a; Holtzmann and 

Ishil* 1963; Xshii and Holtzmann, 1963); India (Khurana,

1974; Sureka §1 aJL*, 1977; Yemewar and Mali, 1980), Pakistan 

(Basit, 1974); South America (Jensen, 1949a; Herold and 

Weibel, 1962; Lima and Gomes, 1975), Sri Lanka (Rajapakse 

and Herath, 1981, 1982) and Vietnam (Break and Pozdena,1976)«

The Indian records of papaya viruses resembling 

PRSV in symptomatology and aphid transmissibillty and some 

other properties like physical properties in crude sap and 

host range in some instances reported from different states 

include; "papaya mosaic” from Bombay Province (Capoor and 

Varma, 1948, 1958), and " a sap transmissible virus of papaya
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in Mar athwart a" (Yemewar and Mali, 1980} from Maharashtra 

State; "mosaic of papaya" (Mis hr a and Jha, 1953; Varma,
1971) from Bihar; " a serious disease of papaya9 (Garga,

1963) from Madhya Pradesh; "papaya leaf reduction virus"

(Singh, 1969a), "papaya mosaic" (Singh, 1969b),"distortion 

ringspot" and "ringspot" (Khurana, 1974:), and "papaya mosaic" 

(Bhaskar, 1983) from Uttar Pradesh; "mosaic disease of papaya" 

(Varma, 1971) from Haryana; "papaya ringspot virus" (Sureka 

gLaL't 1977) from Rajasthan; "papaya mosaic virus"

(Qieema and Reddy, 1985a,b) from Punjab; and "papaya mosaic" 

(Susan John, 1985) from Andhra Pradesh*

2.2 Ptttefllu #.198838

Although, losses attributed to PRSV have not been 

assessed, it has been considered a major disease in many 

papaya growing countries (Cook, 1972). Several epidemics of 

PRSY limiting the establishment 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,1969), 

Colombia (Sanchez de Luque £&.&.* f 1980}, the USA (Florida) 

(Conover, 1962; Cook and Zettler, 1970} and [Hawaii) (Ishii 
and Boltzmann, 1963); India (Yemewar and Mali, 1980 * Mali, 1986); 

South America (Herold and Weibel, 1962) and Taiwan (Wang et al.. 

1978). The reports on yield and quality losses attributed
i * t
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to PHSV are very few end the literature available on this 

aspect is reviewed below*

Parris (1938) attributed a yield loss ranging from 
6 to over 30 per cent to a new mosaic disease, now called as 

"papaya rlngspot virus", which was prevalent in Waialua and 

Lualualei on the Island of Oahu in Hawaii* A mosaic disease 

of papaya occurring in Puerto Rico, which according to Cook 

and Asenjo (1941) markedly reduced the latex flow and papain 

arid protein contents of fruits* Vasudeva (1958) recorded 

yield losses as high as 66 to 85 per cent in papaya plants 

infected with mosaic disease* 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 PHSV reported by Ishii and 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 yield losses 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 

virus" (DRV) and ■ ringspot virus" (RSV) (considered to be 

PHSV strains now) infecting papaya in Gorakhpur area, of 
Uttar Pradesh, caused marked reduction in yield and quality
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of fruit. According to him DRV was found to reduce latex 
and sugar contents of fruits by 55 per cent and fruit yield, 
whereas RSV was found to reduce sugar content only by 42 
per cent and a deterioration In the latex quality.
Sanchez de tuque si. &U (1980) from Colombia observed that 
in PRSV susceptible varieties of papaya, the number of fruits, 
total weight of fruits per tree and individual fruit weight 
were 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 values for brix in the fruits of 14 susceptible cultivars 
were also noted by him. Barbosa and Paguio (1982b) estimated 
yield losses in papaya infected with PRStf. When individual 
PHSV Infected plants were compared by them with apparently 
healthy ones, the estimated losses in fruit yield and number 
of fruits per plant and individual fruit weight were 68.0 
to 72.1, 59.1 to 61.5; and 19.4 to 25.G per cent respectively.

2*3 gymRtMftalffay.

Parris (1938) described a new virus, disease of 
papaya discovered at Waialua 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 the point of attaohemeftfc. Linear, dark 
green, raised hydrotic streaks measuring l/8 to 1" in length 
by l/32" to 3/8" in width were evident on, stem and petioles*
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Diseased leaves were found to fall in 4 to 6 weeks after 

the appearance of first symptoms* As suc|i the stem was 

left bare except for a few stunted and distorted leaves at 

the apex and frequently a fringe of lower leaves which were 
developed prior to symptom expression* Fruits on diseased 
trees were small and bled profusely*

Baker (1939) reported the common occurrence of 

"papaya mosaic" in Trinidad. It was characterised by 

water-soaked areas labelled as * oily-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 reported 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 Zgyas (1940, 1946) reported a "Cotorro 
mosaic" from Cuba (resembling PRSV in many properties) which 
was recognised by circular, greenish spots on the base of 

young petioles and sometimes on stems, 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-shapedIn heavily 
infected areas, fruits show spotting, but lesions fail 
to extendi as in case of petioles and stem. Another 
distinctive feature of the disease being the abundant flow 
of latex resulting from puncture in fruitst consequently 
falling to mature and are of insipid flavour. 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 eases, a new tuft of small leaves are produced higher 
up the trunk. The flowers drop simultaneously, with the 
leaves interrupting the fruit setting* In*= 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 
conductive tissue devoid of chlorophyll* Severely infected 
young leaves may show necrotic areas, suggestive of a 
chemical injury.

Chatterji (1943) described a virus disease of 
papaya from Dacca, Bangaladesh, with following characteristic 
symptoms* The earliest symptoms of the disease include 
chlorosis 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 dissection of leaf blade, while In
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severe eases* 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 Oahu, 
Hawaii demonstrated the viral nature of papaya ringspot, 
its incubation period in the host plant and its aphid 
transmisslbility and described the symptomatology in 
detail. Symptoms were produced in the foliage, fruit and 
stem of the plant. Rugosity and mottle without marked 
distortion, characterised the leaf symptoms. Reduced light 
enhanced the expression of leaf mottle. Yellow spots or 
yellow rings with green centres were produced on diseased 
fruits at the mature green stage. The fruits 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 diseased plants* ' 
Young plants showed slow growth when Infected and 
sometimes displayed water-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 mosaic" from Puerto Rico which has now been, 
'considered as PHSV (Cook, 1972). Progressive symptoms of 
the disease included chlorosis, mottling, wrinkling and 
puckering of the top. leaves* As the disease progressed, 

the plants became stunted and the leaves were severely 
deformed and reduced to filiform structures* The stem 
showed dark green, elongated streaks and fruits bore green 
and dark brown rings*

Holmes flL* (1940) published the results of a 
ringspot disease survey made on main islands of the Hawaiian 
group* They noted that the most distinctive and reliable 
symptom of the papaya ringspot was the appearance of yellow 
rings with green centres, measuring 1/8** to 3/4" in 
diameter on the surface of fruits while still they were 
mostly green* The foliage symptoms included puckering' of 
young leaves and irregular mosaic in expanded leaves* The 
mosaic symptoms were more pronounced in the field trees 
during winter season, became masked in varying degrees 
during summer. Diseased plants showed retarded growth and 
were weak*

Capoor and Varma (1948, 1998) studied and 
described a mechanical, graft and aphid transmissible 
"mosaic" disease of papaya from erstwhile Bombay Province
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of India* The natural infection of papaya by mosaic which 
was carried mostly through aphid vectors was. characterised 
by profuse mottling and puckering of young foliage* Within 
30-40 days after the appearance of first symptoms* 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 
almost denuded except for,a tuft of small leaves at the top. 
Conspicuous dark green spots* elongated streaks of "water- 
soaked" areas or " oil-spots" were evident on petioles and 
stem* The fruits produced on affected trees were found to 
develop innumerable circular or concentric "water-soaked" 
lesions with a central solid spot* In experimentally 
inoculated plants* the first symptoms were faint chlorotic 
spots followed by premature drooping and wilting of leaves* 
Sibsequent leaves showed mild chlorotic spots followed by 
mosaic mottling, puckering and blistering. As the disease 
advanced, the young developing leaves showed much reduction 
in size and distorted* Water-soaked areas or oil-spots and 
elongated streaks were evident on stem and petioles of sap- 
inoculated plants*

A serious " mosaic" disease of papaya infecting 90 
per cent plants and making papaya cultivation unprofitable 
was described by Mishra and Jha (1935) from Bihar State of
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India* In less severely infected plaits mottling was 
frequently observed, but constrictions and elongated 
water-soaked areas on stems and petioles were rarely seen 
and no flow of latex from the fruit or dark green nr brown 
rings observed.

Reyes £& (1939) reported a virus disease of
papaya designated as * leaf curl*, found in an orchard in 
Diliman, Rizal, Philippines* The disease was characterised 
by the reduction of the size of leaves 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 lobed, with 
lobes pointing upwards* Vein-clearing and thickening was 
visible when the leaves were viewed through transmitted light 
and these symptoms were more easily detectable on the under 
surface of the leaf*

. Herold and TWeibel (1962) reported that PRSV . 
prevalent in Venezuela could be transmitted readily by 
mechanical sap inoculation and also through aphids* In 
green hous^,papaya plants inoculated with PRSV, the first 
symptoms shown were the appearance of dark green spots on 
the upper third of the stem almost 3 to 4 weeks after 
inoculation* Some days later, fine vein*elearing of young
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leaves was observed. Simultaneously! the older leaves 
became yellow and fall off. Later, leaves with vein* 
clearing became mosaic spotted. Hew leaves became mosaic 

spotted and deformed- as soon 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 leaK lobes and greasy*appearing 

streaks on petioles, stems and rings on fruits which turned 
grey with age on fruits* "Faint mottle ringspot (FMRV) had 

similar markings on petioles, stems and fruits vAiich 
remained brown, but leaves showed only a 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 lamina, dark green raised 

areas and slight curling of leaf margins* Subsequently 

developed leaves were reduced in size and showed 

pronounced distortion* In some cases, the leaf lamina 

was represented only by main veins* The older leaves 
turned brown, fell down and the entire stem became 
denuded with only small cluster of reduced and much 

distorted 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 infected 

plants were not killed out right.but survived for several 

years* Masking of disease symptoms during summer months

was observed* Those plants Which showed severe disease
\

symptoms during winter, displayed almost normal foliage in 

summer*

Ishii and Boltzmann (1963) described a papaya mosaic
i

virus disease from Hawaii* In the field, young and old 

trees affected with, mosaic exhibited mild to severe chlorosis 

in the crown region;.in some, a stunting of crown leaves and 
petioles occurred. In severe cases, cessation of growth and 

loss of leaves resulted in death of trees* Initially* the . 

affected leaves showed rugose appearance. Young leaves of 
crown were generally stunted and severely chlorotic with

/



transparent oily-areas either scatteredpyer.the lamina or 
as vein-banding. Mature leaves were found to exhibit 
chlorotic pattern in the form of extensive vein-clearing 
and numerous small rings ranging from transparent yellow 
to tan colour. The leaves became stunted with. the progress 
of the disease.. On the stems of infected plants., water- 
soaked spots developing into lineal, concentric ring 
patterns or into diffused areas, were produced. Considerable 
stunting, of internodes was_ evident in severe.infections* 
Lineal or elliptical. hydrgticr.sPS.tf .pf.irregular 
distribution*... being .lighterin colour than, those produced 
on stems, were of common occurrence on petioles* Severely 
infected petioles were stunted and bent downwards* 
Distinctive fruit symptoms were manifested at all stages 

of maturity. Snail dark green ringspots* 1 to 2 mm in 
diameter were evident on fruits of about two weeks old. 
Initially the rings may be incompletely closed and irregular 
but as the fruit develops target like spots, increase in 
diameter from 1mm consisting of only one ring, to about 
15 mm with as many as eight or more distinct, slightly 
raised, concentric brownish 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 varied 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 Queensland. In this review,Simmond9 described 

a mosaic disease of papaw often reaching epidemic proportions 

in some districts 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 streaks on petioles and upper

portion of the stem and characteristic 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 

distinguish from diebaok* Subsequently, the died top 

apparently recovered, the only symptoms remained were certain 

stunting and crinkling of older leaves with petioles 

characteristically shortened. Mosaic infected plants showed 

a tendency to throw multiple side shoots, which 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., "distortion ringspot" (DRV) and * mild mosaic"(MJW)
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in order to establish the relationship between them. Based 
on the results, de Bokx attributed distortion rlngspot and 
mild mosaic diseases to two different viruses, the former 
belonging to " potyvirus group" aid the latter to 
"potexvirus group" and each producing distinct symptoms* The 
papaya plants inoculated with DRV- isolate produced veinu­
cleating and severe shoestringing on the foliage, the 
symptoms being more severe during winter, while the plants 
inoculated with MMV- isolate produced only severe mosaic, 
but no distortion on foliage.

Torres and Giacometti (1966) reported two virus 
diseases naturally infecting papaya in Cauea valley of 
Colombia* These viruses were provisionally named as "type 
A" and " type B£, as their symptomatology resembled 
respectively " distortion ringspot virus" (DRV) in Florida 
(USA) and Cotorro mosaic virus" in Cuba* In " type A virus" 
infection, young leaves became pale, the leaf edges curved 
upwards and shoot turned light green. Oily-green spots, 
circles and lines generally appeared near the stem and base 
of petioles of young leaves* Green fruits showed small rings*

The presence of " distortion rlngspot virus"(DRV) 
of papaya reported from Dominican Republic was initially 
indicated by the development of oil-like streaking and



28

spotting on main stem, followed by vein-clearing and mosaic 

of young foliage* The chronic stages of.the disease resulted 
in narrowing and distortion of one or several lobes of 

occasional leaves resulting in filiform structures* In 

older plants* early symptoms were streaking on stems and 
petioles and/ or green ring spotting on the fruits. 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'* (PLHV) and ■ papaya mosaic virus'* (PMV) 

prevalent in Gorakhpur area of Uttar Pradesh. In PLRV- 

infected plants* leaves displayed mosaic and in advanced 

stages deformation ami reduction* assuming thread-like 

appearance. Further, PLRV- infected plants showed severe 

stunting and latex.flow from them was greatly reduced.
While.in PMV- infection the visible symptoms were 
vein-clearing* mosaic mottling and downward and inward 

curlirig of leaves and the appearance of circular rings 

and streaks on the petioles* stems and fruits*

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 guinea and a fourth type of local
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lesion was Induced. When transmission was froma 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 
virus".(NLV) and " yellow necrotic lesion virus" (YNLV) • 
When, these, isolates were reinoculated to papaya alone or in 
combination,, they.caused, stunting and decline symptoms 
similar to those.observed in the field. Affected plants in 
the field were stunted with a reduction in leaf number and 
sire; young leaves occasionally, showed vein-, clearing* In 
severe cases, youngest leaves were distorted, crinkled, 
back-rolled . and more rarely, blistered* Infrequently, a 
bright 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 n pencil point" and apical death.

During a survey of papaya virus diseases in 
Gorakhpur (1965-68), Khurana and Bhargava (1970) observed 
fruits on some papaya plants that had varying degree of 
deformations and abnormalities* These plants were found to 
be infected with a strain of " distortion ringspot virus" 
(DR) which has been shown to be related to " distortion 
ringspot virus" reported from Florida (USA) (Conover, 1962; 
de Bokx, 1966) and " ringspot" from Venezuela (Harold and
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Weibel, 1962)* The Dll strain was found to be sap.and 

aphid transmissible. Fruits on infected trees showed a 

tendency to fall early, but some retained to maturity.

Forty to fifty day old fruits which remained on.such trees 
exhibited dark green ” oily" or water-soaked, concentric 

coalescent rings turning brown at maturity. Abnormal fruit 
showing Induced "apooarpy" and "double.papaya" were noted in 

papaya.cultiyars like African Giant, Honey Dew, Ranchi, 

Simulate Giant and Washington*

Varma (1971) reported high incidence (about 90 

per cent) of a sap and aphid transmitted virus disease of 

papaya under the name," mosaic disease of papaya* which 

prevailed in several orchards of Haryana and Rajasthan.

Some pf the diseased trees bore few small and deformed fruits* 

Such fruits produced dark green or yellow necrotic spots, 

blisters or rings on their skin. The symptoms in the field 

were vein-clearing or faint vein-banding and mosaic mottling 

on newly infected young leaves* Older Infected leaves showed 

marginal curling, downward bending, chlorosis, necrosis 
ultimately resulting in premature leaf fall. New leaves 
developed subsequent to infection, showed intense yellow 

mosaic with dark green patches 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 straightened fingers* The lobes of the. leaves 
were overlapped due to abnormal growth*... In..seme leaves 
half of the lamina was deformed while the other half remained 
normal* The infected leaves 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 
plants* Severely infected plants lingered on for several 
months with a tuft of few reduced and deformed leaves and 
ultimately denuded and wilted.

Farqui dL* (1972) described a new virus disease 
of papaya from Pakistan 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* 
Subsequently, with the increase in the intensity of 
blistering, leaves became paler and reduced. Fruits on 
diseased trees were also malformed.

Khurana (1974) described three virus diseases on 
papaya, from Uttar Pradesh, India* These diseases were 
designated as n mild mosaic11 (MM), * distortion ringspot"
(DH) and * ring spot “ (RS) and could be diagnosed by the
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symptoms viz., MM inciting only mild mosaic; DR by 

distortion of leaves associated withmarked reduction,in 

leaf size, oily spots on stem, petioles and concentric, 

coalescent rings on fruits and HS by interveinal puckering 
of foliage, oily spots on stem and non-coalescent rings 

usually encircling a spot on fruits*

Break and PoZdena (1976) while surveying virus 

and virus- like diseased of some crop plants in Vietnam 
and Combodia, observed two symptomatically different serious 

diseases of papaya near Hanoi: (l) heavy leaf deformation 

in which attempts to detect virus in leaf tissues were 

unsuccessful and (2) " mosaic and ring spot*. The symptoms 

in mosaic and ring spot were almost identical with those 

described for PRSV by Jensen (1949a). The causal virus Was 
identified to be a member of .potyvirus groups of 

Harrison g$. (1971) *

Sanchez de tuque and Martinez Lopez (1976a,b)...........

based on aphid transmission, symptoms, host range and physical 

properties confirmed the identity of a virus.as "papaya 

ring spot virus" (PHS/), which, limited commer cial cultivation 

of papaya in Colombia* The Colombian isolate of PRSV caused 

chlorosis and mosaic of young leaves followed by distortion 

and reduction of leaf laminae into filiform structures* In
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the infected trees, the stem displayed dark green, 
water-soaked patches and water-soaked linear streaks on 
petioles* The petioles also showed a tendency to bend 
downwards* 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, Shrek a gi. at* <1977) encountered with two sap 
transmissible virus diseases viz* , "papaya mosaic virus"
(PMV) and "papaya ringspot virus* (PRSW) in single and mixed 
Infections* PMV and PRSV induced distinguishable natural 
symptoms in single infection but in mixed infections 
symptoms of PMV were supressed by PHSV. In PMV- infected 
trees, the leaves displayed mosaic, Vein banding and. in few 
cases vein*clearing symptoms* Trees severely infected by 
PMV/1 had fewer and smaller fruits* PRSV- induced foliar 
symptoms included distinct chlorotic spots, chlorotic

t

rings, various types of line patterns,, blisters and distortion* 
Premature leaf fall was also common and ip severe cases, 
only a bunch, of leaves was seen on the top with all the lower 
leaves defoliated* Petioles of affected trees possessed 
round to elliptical and elongated oily rings and streaks
i

distributed over the whole surf ace* Infected trees were very 
much stunted with hardened stems bearing oily spots, streaks
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and sings* fruits on some of the infected trees.displayed 
dark green oily hr water-soaked circular, concentric rings*
In some cases fruits were deeply lobed with various degrees 
of induced apooarpy resulted in the formation, of bi-to-hexalobate 
fruits* Symptoms of the disease were severe only in winter 
months and heavily masked in summer*

Two isolates of PRSV, I and II, causing wilt and 
mosaic respectively have been described from. Taiwan and 
squash being the best differential host for the two 
(Chang, 1970)*

During a crop disease loss assessment survey of 
vegetables and fruits in iftgeriat lana (i960) observed papaya 
plants being Infected with "papaya mosaic virus“(PMV),"papaya 
ring spot virus"(PRSV) and " tobacco rings pot virus" (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* In plants showing 
distortion 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 
fruits* Seedlings of Solo and some local cultivars 
sap-inoculated with PRSV exhibited vein-clearing, curling 
and ringspot symptoms on newly developed leaves*
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Shanmuganathan (1980) during his survey on virus 

and virus* like diseases of plants, noted the occurrence 

of PHSW on papaya plants grown at Tarawa localities of 
Gilbert Islands* He observed PRSV to cause vein-clearing, 

mottling on fully expanded young leaves, leaf distortion and 

reduction of laminae* The expanded leaves were mildly 
mottled and rugose* In PHSV- infected plants however, he 

did not observe characteristic dark streaks on stems and 

petioles which usually associate with the disease* The 
trees were stunted and devoid of fruits*

A sap and aphid transmissible virus disease of 

papaya from Marathwada region characterised by the symptoms 

of mosaic mottling, leaf distortion, reduction of leaf lamina 

into filiform structures; streaks on the stem and petioles; 

rings and spots on fruits and stunting of plants has been 
reported by Yemewar and Mali (i960)* The incidence of the 

disease was found to be 79 per gent during 1977-78. On the 
basis of transmission, host range, physical properties and

serological tests, Yemewar and Mali (1980) confirmed the
*»

identity of sap and aphid transmissible virus disease of papaya 

occurring in Marathwada region as "papaya ring spot virus"
(PRSV), a member of potyvirus group.
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During a survey of papaya growing areas in 

Sri Lanka, Raj.apakse and Herath (1982)noted sever al papaya 

plante grown in Kandy and Qampola showing abnormal, symptoms 
like chlorosis, curling, stunting, vein-clearing and 

prominent mottling on the leaves* According to observed 
symptoms,, they were categorised as "mosaic11, "ringspot" and 

"leaf curl" groups* On the basis of symptomatology, 
transmission and host range, mosaic, ringspot and leaf 

curl groups were Identified as "papaya mosaic vl*us"

(PMV), "papaya ringspot virus*(PRSV) and * papaya leaf curl 

virus" (PLCV) respectively* In sap inoculation on seedlings 

of two papaya varieties, Solo Hawaii and Washington, PMV 

produced systemic mosaic and vein-clearing, but PRSV showed 

systemic chlorosis* vein-clearing and ringspot, while PLCV 
displayed vein-clearing and leaf-roll symptoms* Insect 

transmission studies have indicated that both PMV and PRSV, 

but not PLCV were aphid transmissible. Papaya leaf curl 

was transmitted by whitefiy vector, Bemisia tabaci*

A virus disease of papaya inducing mosaic* 

rugosity, reduction of leaf laminae, greasy appearing 

streaks on petioles and greasy-appearing rlngspots on 
fruits observed in Pernambuco more than 10 years ago has 
been recently Identified and designated as an isolate 

of "papaya ringspot virus" (PRSV»PE) baaed on aphid
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transmission, host range, physical properties and particle 
and inclusion morphology (Barbosa and Paguio, 1982a).

The Venezuelan isolate of PRSV has been.described 
with symptoms like vein-clearing, mosaic, phyllody, oily spots 
on petioles and stem and dark green concentric rings on the 
skin of fruits* Occasionally fruits on infected plants 
showed dark green areas and deformations ( de la Bosa and 
Lastra, 1983)*

................ Wan and Conover (1983) have reported the host
symptomatology in respect of various papaya virus diseases, 
aiding in an easy diagnosis* "Papaya ring spot virus"(PRSV) 
was diagnosed on the basis of leaf distortion and greasy 
appearing streaks on stems and rings on fruits, vftereas, 
"droppy necrosis virus" (DNV) was identified by the presence 
of recurvature, yellowing and stiffness of petioles.
"Papaya mosaic virus" (PMV) could be diagnosed by the presence 
of green mottle on leaves without distortion and absence of 
symptoms on fruits and items* "Papaya bunchy top" caused by 
a mycoplasma-like organisms could be diagnosed on the basis 
of the absence of latex flow from wounds made on field 
papaya plants*

Bhaskar (1983) reported a serious aphid-transmitted 
mosaic disease of papaya from Kanpur area of Uttar Pradesh. 
Papaya seedlings inoculated with mosaic through aphid vectors
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developed dark green spots and elongated streaks which 
looked like water-soaked areas on the leaf laminae* When 

$he disease was .severe, the plants showed profuse mottling 

and puckering and became stunted. The petioles and stems 
were also* infepted.

In an interestingly titled paper., Rezende (1984) 
wondered whether "papaw mosaic" or "papaw ringspot" depicted 

the disease better in Brazil and choose "papaw mosaic" 
since the disease symptoms were generally mosaic on 
plants of ell ages, the ” ringspot" developing later on the 

fruits.

Yeh fijl (1984) described the symptoms produced 

by different isolates of PRSV on a papaya cultivar,
i • i *

Kapohosdlo* The Taiwan isolates Su*mm, Su-sm and Su-smn 

manifested mild mottling, severe mottling and severe mottling 

associated with systemic necrosis and wilting respectively, 
while T-Chen and T-Wang respectively induced mottling and 

mosaic symptoms- The, Hawaiian isolates ofPRSV viz,-, HA 

and HB exhibited mosaic and leaf distortion symptoms- While 
the Florida isolate F-340 and Ecuador isolate S3 were 
reported to produce mosaic and shoestringing symptoms- 

Further all these Isolates were observed to cause water* 
soaked streaks on the stem and extreme retardation of plant 
growth. In winter months, all isolates except Su*mm caused 
severe distortion and shoestringing symptoms*
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Susan John (1983) made detailed investigations on 
a sap and. aphid transmissible mosaic disease of papaya 
occurring in Andhra Pradesh* Based on symptomatology, 
transmission, host range, physical properties and serology, 
the virus causing mosaic disease of papaya in Andhra Pradesh

i » .

was identified as "papaya ringspot virus" (PRSV). PRSW 
incidence varied from TO to 90 per cent. The disease was

u

characterised by well marked mosaic, followed by reduction 
in sire and distortion of foliage. Symptoms like vein­
clearing, chlorotic spots and ghlorotic rings were also 
eyident on infected leaves. The stem possessed dark green

i.

oily-spots and streaks* On the fruits of infected plants, 
circular, concentric, water-soaked rings were present.

2.4 Effect oii physiology and biochemistry ofInfected
host *

The incitant of papaya ringspot disease reported 
under different names has been claimed to bring about a wide 
range of deviations in the physiology and biochemistry of 
Infected host..

Sirigh (1971b) studied the oxygen uptake of papaya 
leaves infected with “papaya leaf reduction virus" (PLRV) 
and observed an increase in respiration eight days after 
virus inoculation. Respiration increased after tenth and



thirteenth days in infected and healthy_ieave.s respectively, 
after which.oxygen consumption being decreased in.both., but 
more 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 respiration to the entry of virus particles into

s

cells and resultant senescence* In his further studies 
(Singh, 1972a, 1973) on the effects of PLEV in the peroxidase 
and catalase and on the total nitrogen and carbohydrate 
content of infected leaves; he noted that PlRV-infected leaves 
to show increased activity of peroxidase and catalase and 
their maximum activity coinciding with maximum virus titre 
(Singh, 1972a); and total nitrogen content being increased 
throughout disease development, while reducing sugars, 
non-reducing sugars and starch contents declining as compared 
to healthy leaves (Singh, 1973). "Papaya distortion mosaic 
virus" (PDMV) 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 gjLal.*,- 1976) . In their 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 serine, on the 
other hand leucine and valine were decreased. Glycine and 
serine increased by two folds and alanine by about three folds* 
Singh a3L,al* (1977) reported destruction of
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chlorophyll e and b in papaya leaves infected, by an.aphid - 
borne mosaic virus* They recorded significant reduction in 
the amounts of total chlorophyll* chlorophyll a and 
chlorophyll b by 36*71, 41*33 and 85*3 per cent respectively 
in infected leaves as 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 contents in papaya leaves, 
hot increased the. respiratory activity. The reductions were 
more pronounced in chlorotic than dark areas of the leaves 
showing mosaic symptoms* "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 respectively, associated with a decrease In the 
activities of RUBP-asS (63 per cent), PEP-ase (46 per cent), 
malic enzyme and malate dehydrogenase in the infected leaves 
(Sun Guchou, 1985)*

2*3 Histopatholoov

Chatterjl (1943) observed several histological 
abnormalities in the root, stem, petiole and leaf of a papaya 
plant Infected with ■ leaf defoliation disease". Various 
histological abnormalities induced by the disease included 
degeneration of chloroplasts, latiferous cells and 

degeneration associated with necrosis of phloem and
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hypertrophy.and hyperplasia of_latex, phloem and mesophyll 
cells*, thickening and distortion of leaves, production, 
of many secondary longer veins were attributed to.hypertrophy 
end hyperplasia of the infected cells* Hypoplasia was 
shown mainly in the dwarfed and stunted plants* Herold 
and Vfeibel (1962) in their electron-microscopic 
demonstration using papaya leaves infected with PHSV, have 
observed chloroplasts of infected tissues to contain only 
few starch grains or none and in heavily infected cells 
chloroplasts being often totally destroyed. Singh (1971a) 
investigated anatomical changes of leaves infected with

i • « i * *

"papaya leaf reduction virus" (PLRV) and reported that in 
PLRV-infected leaf, the palisade layers and spongy ceils were 
smaller, contained fewer and smaller chloroplasts, had 
broad intercellular spaces and were deformed. Mathur and 

Shukla (1979) observed a variety of deviations in the 
histology of papaya leaves infected by PRSV. Alterations 
were quite distinct , and. varied with symptom expressions like 
ringspot and line pattern, blistering and distortion. In 
the ringspot and line pattern, the cells of upper and lower 
epidermis were deformed; in blisters the cells of upjsex 
epidermis were enlarged twice the normal sire, but those 
of lower epidermis appeared shrunken and distorted, while in 
the leaves showing distortion, the cells of upper epidermis 
exhibited pronounced shrinkage, contrary to this# cells of 
lower epidermis were greatly enlarged and, lost their
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individuality. Palisade cells were reduced in size and 

contained more chloroplasts in sections cut through 

ringspot and line pattern symptom, but they were.increased 
in size and contained more chloroplasts which stained 
heavily, while in sections through distorted leaf, palisade 

cells were enlarged and distorted heavily beyond recognition* 

Cells of spongy parenchyma were enlarged and deformed in all 
the types of symptoms with Smeller intercullular spaces in 
the ringspot and line pattern, while in distortion symptom, 

exhibited enlargement and contained more chloroplasts* 
Vascular bundles.were found badly damaged and distorted.

The Taiwan isolate of "papaya ringspot virus" (PRSV) was 

reported to be responsible for degneration of chloroplasts 

in young infected leaves* The abnormal rounding and 

development Of numerous vesicles were evident in mature 

mesophyll cells* Coleus though apparently normal, was not 

centrally located in the cell (Chen, 1984)*

2*6 Transmission :

2*6*1 Mechanical and ether modes of transmission

Parris (1938) while working with a new virus 

disease of papaya in Hawaii observed more than 75 per cent 

increase in the mechanical transmission of the disease when 
carborundum was used as an abrasive. Symptoms were evident 
on test papaya seedlings within 16 to 21 days after virus 

inoculation.



The Puerto Rican mosaic disease of papaya caused
*

by a sap and 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 transmission was 37*93 per cent in case of 

"pin-puncture" and 82.X4 per cent in case of "rubbing 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 

inoculation techniques to transmit an aphid transmissible 

mosaic disease of papaya. Sap inoculation using carborundum 
as an abrasive 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*5 and 100^0 respectively.

In mechanical juice inoculation, the symptoms of the disease 
were visualised in 15 to 26 days after inoculation, whereas 
in wedge-grafteid and budded plants, symptoms appeared 35 to 

70 days after inoculation.
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Conover (1962, 1964a,b) described three virus 
diseases of papaya viz*, "mild mosaic virusH(MMV),
"distortion ringspot virus*(DRV) and "faint mottle ringspot 
virus" (FMRV) from Florida (USA). DRV and FMRV has been 
considered to be closely related,but distinct strains of the

, t

same virus being aphid-transmitted, while MMV being non-aphid 
transmissible* Conover (1964a,b) reported that all the three 
viruses were readily transmitted by rubbing juice expressed 
from diseased leaves onto leaves of healthy, plants*. The 
results, of transmission tests Indicated that,., though the 
mature plants were readily infected by leaf-rubbing method 
with juice expressed from DRV- infected plants, the highest 
percentage of transmission by DRV occurred when cotyledons 
of papaya seedling were inoculated before the true leaf was 
expanded* Mature plants showed symptoms 3 to 4 weeks after 
inoculation with DRV. Plants inoculated In their cotyledon 
stage developed symptoms within 5 to 8 days during summer 
months* Those intervals however, were, considerably 
longer in cool weather.

The Venezuelan isolate of PRSV has been reported to 
be readily transmitted by mechanical sap-inoculation and 
through aphid vector from papaya to papaya and to other 
test hosts* The first typical symptoms of the PRSV were 
evident 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 extreme reduction and marked distortion 

of papaya leaves in Madhya Pradesh have not been found 

sap-transmissible; the disease being successfully 

transmissible to healthy plants by wedge-grafting. When 
scions from diseased plants were wedge-grafted onto 

healthy stocks* typical symptoms of the disease appeared on 

the stocks in about 6 to 8 weeks*

The Hawaiian papaya mosaic disease described by 

Xshii and HoltZmann (1963) have been reported to be readily 

transmitted by both mechanical sap inoculation and aphid 
vector^. Experimental inoculations were made on papaya 

plants (cv* Solo) varied in age from 3 weeks to 4 months* 

Mechanical inoculations were made on lower 3 to 4 fully 

expanded leaves previously dusted with carborundum, by 
using cotton-tipped swabs dipped in clarified expressed sap 

from diseased leaves* In mechanically inoculated plants, 

symptoms normally appeared in 18 to 24 days after inoculation 

with an usual transmission ranging between 70 and 80 per cent.

In his host range studies on two papaya viruses 
viz., "mild mosaic" (MWV) and " distortion ringspot" (DRV), 

de Bokx (1965) made mechanical inoculations on papaya and other 
host species by dusting-over with carborundum and then rubbed
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with crude, undiluted sap obtained from infected papaya 
leaves* Six weeks old papaya plants inoculated with sap 
from DRV-infected plants showed symptoms 4 weeks later, 
while those inoculated with MMV showed symptoms 15 to 20 
days after inoculation*

In their studies on ultramicroscopic differences 
in inclusions of PMV and PRSV, Zettler fa (1968) carried 
out all mechanical inoculations by dusting test plants with 
600 mesh carborundian and rubbing them with a sterile cheese 
cloth pad dipped into water-diluted sap from infected papaya 
leaves*

According to Story and Halliwell (1969), the 
, Dominican Republic isolate of DRV was mechanically transmitted 

to healthy papaya plants by sap inoculation* Symptoms appeared 
afterlS to 17 days in plants in the 7 to 10 leaf stage*
Plants in 3 to $ leaf stage and plants older than 4 months 
required 20 to 25 days for symptoms to appear* the virus 
was transmitted 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 
vector, but not by root inoculations (Singh, 1969a)* Further, 
Singh (1972b) tested different mechanical root inoculation
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methods i*e. (1) Pin-*prick, (2) submerging injured roots

in inoculum for 2 hours and (3) submerging intact roots 
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 
inoculated using expressed sap by '?pin«prick* method 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 cent transmission) 
with delayed symptom development (10 to IS days), while those 
inoculated by third method displayed symptoms 20 days after 
inoculation with a rate of transmission as low as 6*6 per cent*

Three viruses designated as. "chlorotic lesion 
virus" (GLV), "chlorotic ringspot Yirus"(CRV) and "necrotic 
lesion virus" (NLV) responsible for decline of papaya trees 
in East Africa were found to be readily transmitted by 
grafting and by mechanical sap inoculation* Inoculations 
carried out using infective sap diluted in 0*01 M phosphate

s
buffer (pH 8*5) had resulted in the production of maximum 
number of lesions on Chenopodima guinea and subsequently the 
sane was used routinely for virus extraction and purification 
(Kulkami, 1970).
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Ah aphid transmissible mosaic disease of papaya 
was easily transmitted by mechanical inoculation using sap 
extracted and diluted in distilled water. In experimental 
transmissions^ symptoms on 4 months old seedlings appeared 
after about 2 weeks of virus inoculation(Varma, 1971).

Cook and Wilbrath (1971) effected the transmission 
of PRSV and PMV from papaya to papaya and to other hosts, 
using infected sap expressed either in water dr O.i M 
phosphate buffer (pH 7.G) with 0*1 per cent sodium 
diethylditfaiocarbamate and rubbed with carborundum on the 
leaves of various test plants*

In experiments of mechanical transmission to papaya 
plants, Sanchei dejjugue and MarlineiLl^pe* (l97da,b,1977) 
observed that the biological activity of PRSV was shown to be 
conserved within a broad range of concentrations and pH of 
phosphate buffer* In their successive trials of inoculum 
suspension, a concentration of D* 1 M phosphate buffer (pH 7.0) 
was choosen, because there was less fluctuation when one gram 
of tissue was suspended in 2 ml of buffer.

The " papaya ringspot virus "(PRSV) and "papaya 
mosaic virus" (PMV) from Odaipur, Rajasthan were reported to 
be easily transmitted to healthy papaya and other host plants 
by mechanical sap inoculation, using c&barundm as an
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abrasive* Inoculum was prepared by macerating infected 
papaya leaves with sterile mortar and pestle witn C.i M 
neutral phosphate buffer (Sureka si. al.. 1977)*

Papaya ringspot virus'* reported from fc-arathwada 
region of Maharashtra State by Yemewar and Mali (i960) 
was readily transmitted by sap inoculation and also be aphid 
vector* Sap was extracted by macerating infected leaves in 
a cold 0.1 M phosphate buffer (pH 7*0) containing 0*1 per 
cent sodium diethyldithiocarbamate. All sap inoculations 
were made by conventional leaf-rub method using carborundum 
800 mesh as an abrasive*

The identification of viruses isolated foct papaya 
in Nigeria was accomplished by insect transmission^ grafting 
and by mechanical sap inoculations* Diseased leaves of 
papaya, ground in Is 1 mixture of 0*01 M phosphate buffer 
(pH 7*2) and 0*1 per cent sodium diethyldithiooarbaaa-e 
served as inocula* The resulting inocula were then rubbed 
on leaves of test plants using celite or carborundum as an 
abrasive (Lana, 1980)*

In Sri Lanka, Hajapakse and Herath (1981, 1932) 
identified three virus diseases of papaya viz*,"papaya 
ringspot virus" (PRSV),"papaya mosaic virus" (PMV) aoc 
"papaya leaf curl virus" (PLCV) by mechanical sap inoculation, 
vector transmission and host range studies* In all mechanical
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transmissions, infected sap extracted .in.'0.01 M phosphate 
buffer, pH 7.2 (i*l W/V) Was rubbed On the leases of host 
plants using chafcoal powder or carborundum as an 
abrasive*

Barbosa and Pagulo (1982a,b) has reported that the 
Brazilian isolate ofPRSV being readily transmitted by 
mechanical sap inoculation and by aphid vectors* Mechanical 
inoculations on test plants were effected by conventional 
leaf-rub method with sap extracted and diluted (ii9) in 
either 0.1 M(pH 7*0) or G*7 M (pH 7.0} phosphate buffer 
containing 1*0 per cent celite•

Bhaskar <1983) in his confirmatory studies on the 
etiology, of papaya mosaic occurring in Kanpur area of Uttar 
Pradesh, reported that the virus could be transmitted through 
sap and aphid vectors* He found that the inf activity of the 
virus to be increased when sap was extracted in 0.1 M 
phosphate buffer*

i . ,

de la Rosa and lastra (1983) were successful in 
transmitting Venezuelan isolate of PRSV from papaya to 
papaya and other indicator hosts by conventional leaf-rub 
method with sap extracted in o.i M potassium phosphate buffer 
(pH 7.5) Containing 1*0 per cent potassium trisilicate.
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Host range studies of.9 isolates.of papaya 
ringspot virus and 3 isolates of watermelon mosaic virus-1 
were reported to be accomplished.by.conventional leaf-rub 
method using sap of individual isolates extracted in O.Ol M 
potassium phosphate buffer (pH.7.0)*600 mesh carborundum 
was used as an abrasive (Veh 1984).

2.6.2 Aphid transmission and virus-vector relationship 
and ecology :

A number of studies have been conducted on the aphid 
species responsible for the transmission of papaya virus 
diseases*

Adsuar (1947b) reported the transmission of "papaya 
mosaic virus" in Puerto Rico by the green citrus aphid,
Aphis spiraecola* Positive transmissions were obtained to the
extent of 45.45 per cent with A. spiraecola when fed on 
diseased papaya leaves for periods of time varying from 8 
minutes to 1 hour. Both nymphs and winged adults transmitted 
the disease with equal ease* Later, <Adsuar (1947c) 
demonstrated that A. spiraecola to retain the virus the first 
3 hours but failed to infect a second lot of plants after that 
time.
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Gapoor and Varma (1948, 1958) reported that a 

papaya mosaic disease was readily transmitted by six species 

of aphids viz., Mvzus perslcae (80.0 per cent), Aphis malvae 

(66.66 per cent), 4. gossvpil (47.05 per cent), 4. medicaainia 

(35*71 per cent); Aphis sp*» from Euphorbia hirta (26.65 per 

cent); and Macrosiphum sonchi (21.42 per cent). Negative 

transmissions were obtained with Aphis nerii, Pentalonia 

nioronervose and Toxoptera citricidus. Of various aphid 

species transmitting the disease, M. perslcae was proved to 

be the most efficient vector of the virus- In serial transfer 

tests involving viruleferous M. oersicae and A. gossvpii to 

3 to 5 healthy papaya plants, it was shown that M. oersicae 

was able to Infect 3 out of 10 plants of the second series, 

but A* Qossvpii did not infect any plant after it had fed on 

the first set of healthy plants, indicating the non-persistent 

type of transmission.

In Hawaii, Jensen (1949a,b) carried out a series 

of aphid transmission tests to establish the virus and vector 

relationship for 11 ring spot" disease of papaya* Positive 

non-persistent transmission of the virus was obtained with 

six aphid species viz*, Myzus perslcae (51 per cent).
Aphis medioaqinls (43 per cent), A. rum ids (37.66 per cent)

A. ooesvpii (33.33 per cent), Macrosiphum solaftlfolli ( 25 

per cent) and Micromvzus f or mo s anus (14 per cent). Additional
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nere was no demonstrstable latent period of the virus in the

/ aphid vector and the virus was not retained by the vector 

for inoculation of a second test plant series* Groups of 
150 to 200 gU Persicae induced infection of 100 per cent of 

the test plants after transfer fro®,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 tltre in old Infected leaves 
available for aphid transmission* M. per sic ae failed to 
transmit ringSpot virus from infected fruits (Jensen, 1949b). 

The first evidence of the disease in the plants inoculated 

with ringspot virus by means of Mvseus persioae was puckering 
or bulging of leaves between the secondary veins and velnlets 

on the upper surface of young leaves* A tendency to roll 
downward and Inward was also evident on the margins and 

distal point of leaves* Primary foliage symptoms usually 
appeared in from 9 to 21 days after infection* Plants making 
rapid and vigorous growth typically expressed symptoms in 9 
to 14 days when inoculated by M* per sic ae. On the other hand, 

plants showing retarded and lanky growth at the time of
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Gabrovska ak(l967) In Cubat reported the 

transmission of " papaya mosaic virus" with Aphis oossvpii. 

A* craccivora. A. lllinolsensis. A, nerli. A. spiraecola# 

Mvzus Persicae. Rhodobium oorosum. Rhopaloslphum maid Is and 

Aevrthosiphon pi sum* They concluded that A. oossvpii was

major summer vector and gu oerslcae was the major winter 

vector*

Zettler StL* (1968) conducted transmission studies 
on "mild mosaic virus" (MMV) and "distortion ringspot virus" 
(DEV) of papaya vdth tyro species of aphids viz*. Aphis 
craccivora and Mvzus perstcae using papaya and snapdragon 

as the source and test plant for MMV and papaya and pumpkin 

as. the source and test plants for DRV. Nbn-viruleferous 
aphids were starved for 6 hours and the transmission was 

effected following an acquisition and inoculation feeding 

periods of 1 minyte and 12 to 24 hours, respectively. The 

results of this study indicated that only M. perslcae was 

able to transmit DBV in a non-persistent manner from papaya 

to pumpkin, ,pumpkin to papaya and pumpkin to pumpkin, but 

not from papaya to papaya. MMV was found to be non-aphid- 

borne. A. craccivora failed to transmit DRV.

Transmission of two apparently related virus 

diseases of papaya viz., "distortion mosaic virus" (DMV) and 
•papaya mosaic virus" ,(PMV) occurring in Puerto Rico was
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investigated by Schaefers (1969)• In these studies 13 
species of aphids viz., Aphis craccivora. nerll. A. qossvpii.

A. illlneisensia, A -• splraecola, Carolina! a cyperl, Daptynotus 
ambrosiae. Hyperomyzus lactuoae, Myzus persicae« Hhopalosiphum 
maidls. R. nvmphaeae. Slpha flava and Toxopotera aurantlae 

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 mini mint inoculation 
feed period allowed was; 1 houry-. The number of aphids per 

test plant, among various tests,ranging from 5 to 50, 10 
being the most commonly used number* The results of this 

study confirmed the capability of aphid species, viz*,

mil* &> AP.&SYPli. A. and Myzus persicae
as vectors of both DMV and PMV. In terms of efficiency of 

transmission, M. persicae appeared to be most efficient. In

addition, the species, Carolina!a cyperl. and Dactynotus 
ambroslae Were found to be efficient vectors of Dm. Mo 
transmission occurred with A. craccivora. A. iliinoiaensis. 

Hyperomyzus lactuCae, Hhopalosiphum maidls. R. nvmphaeae. 

Toxpptera our anti ae and Slpha, flava* The time from aphid 

inoculation to early symptom development was between 10 and 
14 days*



Marin (1969) from Venezuela reported, Aphis nerii 
as 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 anti their 
flight was shown to be less frequent during the hottest 
period of the day*

Papaya leaf reduction virus (P1RV) was reported to 
be readily transmitted by the aphid vector, Mvzua oersicae 
but not by Aphis oossypli. A. malvae. RfagBJifiglgbm 
and Bead si a t abaci ( Singh, 1969a) • In an other investigation, 
he (Singh, 1971c) studied the vector relationship of PLRV 
using Myzus oersicae. 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. Pre~acquisltion fasting was found to increase the 
efficiency of M* persicae and maximum Infection (100 per cent) 
was recorded with 4 hours fasting and as it increased beyond 
4 hours the efficiency showed decrease. Transmission 
efficiency of M. persicae 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 15 minutes* 
Similarly, an increase inoculation feeding time was also 
observed to increase the infectlvity by M. persicae and it
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was maximum (100 per cent) with inoculation feeding periods - 
of 15, 20, 25 and 3G minutes (Singh, 1971c)• A "mosaic 
disease" of papaya from Gorakhpur region of Uttar Pradesh 
has also been reported to be readily transmitted by three 
species of aphids, Mvxue persicae. Aphis qossvpii and 
A. malvae in a non-persistent manner ( Singh, 1969b) . 
Subsequently, detailed investigations carried out by him 
(Singh, 1972c) on the relationship of "papaya mosaic 
virus" (PMV) and A. qossvpii. showed that A. qossvpii lost
PMV more rapidly as it failed to produce Infection on more

<■ » *

than one plant in a series Indicating a non-persistent
manner of transmission. Pre-acquisition starvation increased 
the efficiency of the vector as the maximum infection (75
per cent) was obtained after i hour pre-acquisition starvation 
and as it increased beyond 1 hour the efficiency of 
A. qossvpii showed a progressive decline. Transmission 
efficiency of qossvpii was found to enhance with a 
progressive increase in the acquisition feeding time and 
it was maximum (75 per cent) at an acquisition feeding 
time of 15 minutes end showed a progressive decline with 
acquisition feeding times that were beyond 15 minutes* 
Similarly, increase in inoculation feeding time on test 
plants, was also found to increase the efficiency of 
A. gossypli and it was highest (75 per cent) at an inoculation

•v



feeding time of 15 minutes* Infection increasedwith the 
increase in number of aphids per test plant, as_the maximum 
infection (75 per cent) was obtained with IS apterous adults 
per plant1* Minimum inocuiation and acquisition threshold 
periods were found to be £ and 1 minutes respectively; 
Apterous adults of A. aossvpii were efficient vectors of 
PMV than nymphs and alate adults ( Singh, 1972c)•

Khurana and Bhargava (1971) tested seven aphid 
species for their ability to transmit three virus diseases 
of papaya i*e. "mild mosaic virus" (MMV)," distortion 
ringspot virus" (DRV) and M ringspot virus" (RSV)* Mid 
mosaic virus (MMV) was transmitted by Aphis oraccivora
('30 per cent)* A. gosavoil (90 per cent) and Myzus 
persicae (90 per cent). Distortion ringspot virus (DRV)
was transmitted by A* nerii (30 per cent), Lipahls 
oseudobrasslcae (40 per cent) and M. persicae (80 per cent),
while ringspot virus (RSV) was transmitted only by

/

persicae (90 per cent)* Negative transmission was obtained 
with tonalunauis sacchari. Rhopaiesiphum maidis and Aphis 
craccivora* A* nerii and tip aphis pseud obr as sic ae were 
recorded as new Vectors*

Riga and Nanba (1971) in Hawaii, studied the
. t '

vectors of "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), Macros!phum euphorbias 
(20 per cent), Aohig aossvpii (81.25 per cent) and 
A. craccivora (6.66 per cent). No transmission occurred 
with HypeyjpiayajaL

Namba and Higa (1972, 1975, 1977) extensively 
worked out PMV transmission by Myzus persicae* The results 
of host, susceptibility tests have indicated that cultivate 
differed in their susceptibility to PMV when transmission 
was carried through viruleferous aphids of M. persicae. 
Cucumber cultivars, Lehua 64A1 and 70-A-68 were found to 
be more susceptible than Colorado Long. Similarly, papaya 
cultivar, Line-8 was more susceptible than Walmanalo Solo 
and Kapoho Solo cultivate of papaya (Namba and Higa, 1972). 
With subsequent pre-acquisition fasting periods (that were 
grouped into 10 minutes increments ranging from 31-40 to 
121-150 minutes) • M. persicae were allowed one probe lasting 
anything between 10 to 30 seconds, on infected plants before 
being transferred to healthy papaya or cucumber and left 
for 30 minutes, the aphid displayed a peak transmission 
efficiency 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 
case 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 number 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«i per cent) were displayed when the aphids 
were subjected to a preliminary fasting of 31 to 40 minutes 
(Namba and Hlga, 1975)* late instar apterae of M* persicae, 
under controlled laboratory conditions* transmitted PMV 
upto ? hours after its acquisition* , However* the rate of 
transmission dropped considerably after the first 30 minutes* 
Further, there was no difference in the retention of 
inocuiativity of PMV between aphids held at 25°C and 5°C 
(Namba and Higa, 1977).

A serious mosaic disease infecting several papaya 
orchards in Haryana and Rajasthan was proved to be readily 
transmitted by five aphid species, viss*, Mvzus persicae.
Aphis gossypii, A* nerli* Macros!phum sp* * and Rhopalosiphum 
maidIs in a non-persistent manner* Of these* M. persicae*
R* maidIs and Macros!Phum $p*, were found to be more efficient 
vectors of papaya mosaic virus (Varma* 1971).

"Papaya ringspot virus" (PHSV) described by Sanchez 
de Luque and Martinez Lopez (1976a,b) was reported to be 
transmitted mote efficiently by Myaus pefsjcae than by means 
of mechanical inoculation (Sanchez de Luque and Martinez 
Lopez, 1976a,b, 1977)* It was also reported that the 
cotton aphid, Aphis gossypii being more prevalent in papaya 
growing areas than M* persicae. was also proved to be a
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vector of the PRSV. Both the aphids transmitted PRSV 

in the non-persistent manner ( Sanchez de Luque and 
Martinez Lopez, 1976a, b).

* Papaya ringspot virus" (PRSV) described in 
Marathwada region by Yemewar and Mali (1980) have been 
reported to be readily transmitted by the cotton aphid,

Aphis oossypii from papaya to papaya and to cucumber, 
ashgourd, muskmelon and pumpkin with brief probes of 50 

to 60 seconds, thereby indicating a non** persistent manner 
of transmission (Yemewar and Mall, 1980)* The "papaya 

xingspot virus" (PRSV) reported from Marathwada region of 
Maharashtra (Yemewar and Mali, 1980) have successfully been 

demonstrated to be transmitted from papaya to papaya with 

five aphid species viz*, Aphis craccivora (32 per cent), 

d* qoasypil (64 pet cent), A* peril (32 per cent),

Dectvnotus sonchi (66 per cent) and Myzus perslcae (68 per 

per cent)* Tyjo aphid species viz*, Lonqlunguis sacohari and 

RhopalOslohum maidls have been proved to be non-vectors of 

the PESV (Dake, 1986) *

In Nigeria, a study was made of the aphid 
transmission of four virus isolates which were isolated 
from papaya viz. , "papaya mosaic virus," (PMV), "papaya 
ringspot virus (PRSV):,. "tobacco ringspot virus" (TRSV) and 
a "graft transmissible virus-like isolate"* employing five
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species of aphids viz*, Aphis cracclvora, A. gossypii,
A* maidls, Myzus persloae and Toxoptera aurantiae. The aphid 

transmissibility tests revealed that the papaya ring spot virus 
(PRSV), but not PMV, TRSV and a graft transmissible virus, was 
readily transmitted by Myzus persieae (36.58 per cent),

Aphis gossypii (72*55 per cent), A. cracclvora <2*44 per cent), 

A* naldla (22*10 per cent) and Toxoptera aurantlae (32*55 per 
cent). Aphis ooasvpii was found to be the most efficient 

vector of PRSV although, M. persieae was more prevalent in 

papaya plantations (Lana, I960),

Rajapakse and Herath (1981, 1982) tested different 

species of aphids found in the vicinity of papaya gardens in 

Sri Lanka as vectors of papaya virus diseases viz*,"papaya 

mosaic virus"(PlW), "papaya ringspot virus" (PR&f) and "papaya 
leaf curl virus "(PLGV)* PMV and PRSV, but not PLCV, have

f

been found to be aphid transmissible. PMV was proved to be 

readily transmitted by five species of aphids viz., Aphis 
cracoivora (50 per cent), A. gossypii (70 per cent), A. nerii 

(40 per cent)* A. soiraecola (33 per cent) and Myzus persieae 

(100 per cent) but A* LipaPbis pseudobrasaioae and

Toxoptera aurantiae were non-vectors of PNM (Rajapakse and 

Herath, 1981). Moreover, M. persieae. A. gossypii. 

craocivora and A. spiraecola were found to transmit both PMV 

and PRSV, nevertheless, A. nerii specifically transmitted only.
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PMV* Cent per cent disease transmission was recorded in 
case of PMV with M. persicaa and A. craccivora and with 

A* soiraecola in case of PRSV. Aphis craccivora transmitted 

both PAW (100 per cent) and PR(91*66 per cent) efficiently. 

Three aphid species viz., Aphis malvae, Lipaphis pseudobrassioae 

and Toxoptera aurantlae were non-vectors of PMV and PRSV 

(Rajapakse and Her at h, 1982)*

In T aiwan, "papaya ringspot virus"(PRSV) was tested 

for its aphid transmissibility. Six species of aphids viz., 

flPMa fflogg^i* A. gjgdipgg|.p|..§, ae£il, Myaa 
RhopaloslPhum and gjtoe.qpurg, readily

transmitted PRSV in a non-persistent fashion. Optimum 
transmission by previously fasted persicap occurred with 
an acquisition feeding time of 2 to 5 minutes* Inf ectivityof 

M* persicae was lost after 2 hours of post-acquisition 

fasting or after 20 minutes fasting on broccoli* Although, 

a single aphid could transmit PR&f to papaya seedlings» a 

high infective rate was achieved when 5 to 10 aphids were 

used ( Wang, 1981).

Barbosa and Paguio <1982a) in Brazil, identified 

the causal virus involved in "papaya rlngspot disease" as 
PRSV-PE, a member of pfetyvirus group, based on symptomatology, 
aphid transmissibility, host range and inclusion morphology.
They reported that PRSV-PE prevalent in Pernambuco, Brazil, 
was readily transmitted by Toxootera citricidua and
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DjafitaJigftwa sp.

Aphid transmissibllity ofnpapaya mosaic virus"
\ ,

(PMV) prevalent in Kanpur area of Uttar Pradesh, was 
investigated by Bhaskat. (1983) t his .resists indicated that 
PMV was readily transmitted bv Aphis aosgypii (66*66 per 

cent), A* malvae (16*6$ per cent).,. 4. craecivora (50.00 per 
cent) arid Myzus persioae .(66,. 66 per. cent.) * . Apterous. aphids 
( A. aosavpii) were proved to be more efficient vectors of 

PMV than winged ones*

Transmission experiments conducted in net house, 

in Taichung, Taiwan, indicated that "papaya ringspot virus" 

(PRSV) could be transmitted by green peach aphid, Myzus 

persicae and porn leaf aphid, Rhepalosiphum maid!9 from

papaya to papaya in a non-persistent manner* PRSV was 

transmitted in the laboratory by M. persicae for 6 hours 

after acquisition feeding and its infectiVity wad evident 

2 weeks after Inoculation ( Hwang and Hsieh, 1984)*

At Punjab Agricultural University,, Ludhiana, 

detailed investigations were undertaken by Cheema and 
,Reddy (1985a,b) to establish the. relationship of a virus 
causing "papaya mosaic disease" (PMV) and. corn leaf aphid, 
Rhopalsiphum maidis. which was earlier reported by them as 
a new and efficient Vector of, PMV (Cheema and Reddy, 1985a)* 
The results of these investigations indicated that: the
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unstarved R. naidia transmitted the virus to the extent of 
20 per cent; pre-acquisition starvation, however, increased 
the efficiency of vector and maximum infection (60 per cent) 
was obtained with 30 minutes pre-qcquisition 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; infactivity by 
R. maidis was found to increase with an increase in the 
inoculation feeding time and it was highest (70 per cent) 
with an inoculation feeding time of 15 minutes; the 
inf activity 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 infection was obtained with 5 apterous 
adults per plant; apterous and alate forms transmitted the 
virus with the £ama efficiency^ adults were more efficient 
vectors than nymphs and R. maidis lost the virus more rapidly 
after inoculating the first series of test plants indicating 
a non-persistent manner of transmission (Gheema and Reddy, 
1985b)•

Aphid transmission tests conducted on "mosaic 
disease of papaya" at Andhra Pradesh Agricultural University, 
Hyderabad, revealed that virus could be readily transmitted 
by two species of aphids, Aphis gosavpil and Brevecorvne 
brass!cae in a non-persistent manner to an extent of 50.0
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and 16.6 per cent respectively. Two aphid species viz.t 

Aphis oraccivora and Dactynotus carthaml failed 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 investigations on host 
plants of green peach aphid (Mvzua oeraicae) showed that it 

could survive and multiply on weeds such as Solanum nigrum. 
Amaranthus manoostanns. Alternanthera sessilis. Ilvsanthes 

antiooda but not on Carlca oaoava. The flight velocity of 
PQysicae was 1*4 + 0*4 K^/hr. Observation on the 

dispersal behaviour of M. oerslcae indicated that there was 
no regular pattern, the aphid landed on the papaya plant 

one hour after release and took off 1 hour later or stayed 

over night before departure. The preference of aphid to 

colour was as follows Yellow > orange > green* Seasonal 
monitoring of alate aphids in papaya orchard showed that 

M. persicae was the vector that occurred most consistently. 

The population of M. persicae initially appeared in 
September to October of warm and dry season, reached the 
peak in November or December, and declined in January. Two 
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 infection of papaya orchard perhaps was 
transmitted by the viruleferous alate aphids, then the 

papaya infected’with virus disease served as the virus 
source, during aphids migrating period, the papaya ringspot 
virus disease might: account for rapid spread in the papaya 
orchard-

Reports on the occurrence of aphids on papaya and 
on the crops grown ip and around papaya plantations would . 

appear to be of.pertinent interest, particularly with 

regards to the feasibility of disease management through 
vector control* Capoor and Varma (1958) noted the absence

• i • > , • i

of aphids on papaya in Bombay Province, India* Papaya has 

been reported .to.be a poor host for aphids in Cuba, 

although mature alate of several species.have frequently 

been observed on the host including A* caaccivora, A. qosaypiit 
A. mlddletonil. A* solraecola. Aulacarthum circumflex.

i , , * 1 *

Bactvnotus ambroslae. Myzus persicae, M* euphorbiae.
Protaohis sp*, Toxoptera aurantiae and Rhopalosiphum 

maidis* Myzus persicae often reached damaging proportions 

on papaya in Hawaii ( Hold away and look, 1941; look and 
McAfee, 1944; Jensen, 1949b; Sherman and Tamashiro, 1959)* 
Aphis soiraecola has, been reported to occur on papaya In 
Puerto Rico (Adsuar, 1947b; Wolcott, 1948, 1955) and in 

abundance on this host in Florida (Martorel.1 and Adsuar, 1952).
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Aphis qossYPii was of common occurrence on papaya in. Hawaii 
(Holdaway and Look, 1941; Look and McAfee, 1944} Jensen,
1949b; Sherman and Tamashlro, 1959), Florida (MartoreXl and 

Adsuar, 1932) and also on papaya fruits in Venezuela 

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

this host in Puerto Bico (Schaefers, 1969)* Rhopalosiphum 
fitchii had been observed to occur in abudance on papaya in 

Florida (Martorell and Adsuar, 1952)* Look and McAfee 

(1944) in Hawaii, noted the occurrence of two additional 

aphid species viz*, Aulacarthua circumflex and Aphis middletonii 

on papaya* Schaefers (1969) reported that he has 
collected mature alate on papaya with some frequency* The 
aphid species collected by him include A* spiraecola. A.* 
oosavpil. 4. nerli and Aphis coreopsidis. with A. spiraecola 

being by far the most commonly collected species;'* But he 
failed to observe successful colonisation of papaya by 
any of these aphids in Puerto Bico* Recently,Wan and 
Conover (1983) while surveying virus diseases of papaya in 
Florida, noted the colonisation of papaya by whiteflies 

and mites (Tetranvchvus sp*), but not at all by aphids* 

Subsequently, investigations made on host plants of green 
peach aphid, Mvzus persioae. a major vector of PHSV in 
Taiwan, showed that M. persicae could survive and multiply 

on certain weed hosts, but not alkali on Carle a papaya 

and alate aphids were proved to be responsible in spreading 

PRSV during their migration (Hsieh and Hwang, 1986)*
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Aphid trap collection studies carried out in 

Florida by WolfenbaTger (1966) Indicated that roost of the 

aphids were in flight in the months of January, February,

March and April, but fewest in the months of July, August 
and September and that sufficient aphids appeared to be 

present, however, to transmit papaya viruses at all tiroes* 
Adult aphids of A. peril. a potential vector of "distortion

c?
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 mosaic 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 intercrop, the plants happened to be 

free from PMV. He attributed high incidence of PMV in certain 

orchards to the aphids which bred on rose., wheat and brassica 

being grown in the vicinity.

2.6.3 Seed transmission :

Many aphid-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 "mosaic* diseases reported from
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erstwhile Bombay.Province, India (Qapoor and .Varma, 1948, 
1958), Hawaii (Xshii and Holtzmann, 1963), Gorakhpur, India

(Singh,. 1969b) i. "distortion. ring spot, virus" i Conover, , 
1964a). and "faint mottle .rings pot virus.".. (Conover, 1964b) 

from Florida] "papaya decline viruses" from Bast Africa 
(Kulkarni ,1970) and " papaya ringapot virus" reported from

Florida (de Bokx, 1965) and iron India (Yemewar and Mali,
\

1980; Susan John, 1985; Dak©, 1986)*

2*6*4 £9Us,iiJy.gasiaisj8ifia *

No information is available on the pollen 

transmission of papaya ringspot virus* However, three 

viruses, namely "chlorotic lesion virus" (GLV), chlorotic 

ringspot virus" (CRV) and ■ necrotic lesion virus" (NLV) 
isolated from papaya showing field decline symptoms in 
Bast Africa having similarities in foliar symptoms and 
particle morphology <750 x 12 nm rods) to PRSV, were proved 

to be pollen transmissible from papaya to papaya (Kulkarni, 

1970)*

2*6*5 Graft transmission s

Information in respect to graft transmission of 
PRSV is lacking in the literature surveyed. However, three 

aphid transmissible mosaic diseases of papaya described and 

reported from Puerto Rico (Adsuar, 1947a), erstwhile Bombay 
Province of India (Capoor and Varma, 1948, 1958) and Madhya



Pradesh of India (Garga, 1963) were reported to be graft 
transmissible.

Adsuar (1947a) reported that Puerto. Rican “papaya 
mosaic virus" (PMV) was successfully, transmitted from PMV- 
Infected to healthy seedlings of 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-drafting*, with a rate of transmission as high as 
72-5 per cent* Typical symptoms of PMV were evident on 
grafted stocks within about 6 to 8 weeks after graft 
inoculation (Gapoor and Varma, 1948, 1958).

Garga (1963) reported that a serious aphid 
transmissible "papaya mosaic virus" (.PMV), infecting papayas 
in Madhya 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*



2.6.6 Dodder transmission t

Information in respect to dodder transmission of
f • , ' i (

PHSW is lacking in the literature surveyed. A single 
available report by Garga (l9&3]i from Madhya Pradesh 
indicated that an aphid-borne virus disease of papaya 
displaying symptoms simile* to PHSV, could not be 
transmitted from papaya to papaya through the agency of 
dodder inspite of dpdder (Cuscuta sp.) had been well 
established on both diseased and healthy plants of papaya*

2.7 &£jL££Qfl& :

Jensen (1949a) using aphid (M. perslcae) 
inoculations reported thSt all the 16 plant species 
representing .12 families viz., Gommelina diffusa.
Bryophyllum claycinum. Beta vulgaris, Lactuca sativa,
Cuoumis sativus. Brassica chinensis. Malvastrum 
coromandelianum. Mirabllis ialaoa. Grot al aria incana.

■ * i

Passiflora foetida. Pi pfordti. Portulaca oleraoea.
Gap si cian frutesoens. Lyoopersicon esculent urn. Sol anum 
tubersoum and Nicotlana tabacum were non-hosts of the PRSV.

Capoor and Varma (1948, 1958} using mechanical sap 
inoculation tested 56 plant species in 15 families and 
reported 10 plants species belonging to Cucurbitaceae as 
hosts of a virus causing aphid transmitted papaya mosaic in 
Bombay Province, India* The plant species in. Cucurbit aceae

i

t** 
'
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included bottlegourd, cucumber round gourd, ridgegourd, 

snakegourd, muskmelon, watermelon* pumpkin, squash and 

vegetable marrow* However* bittergourd, ashgourd and 

spongegouxd were 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 mosaic 

disease11 in Puerto Rico. Melothria auadaleupensis was only 

a susceptible host and proved to be symptomless carrier of 
the virus. (Adsuar, 1950).

Herold and Weibel (1962) observed mild mosaic 

mottling and scattered pale green spots on the leaves of squash 

(Cucurbita pepo var. Zuchini-Italian Vegetable Marrow) upon

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

A graft and aphid transmissible virus disease of 

papaya from Madhya Pradesh had a restricted host range to 

Garicaceae* Plant species vir.* Ivcooersicon escalentum. 

Nicotian a tabacum cy. White Burley, Datura innoxla# Solanum 

melongena, Zinnia slogans, Luffa acutangula and Citrullus 

Xanatus were non-hosts of. the virus (Garga.* 1963).

Ishii and Holtzmann (1963), in Hawaii, have 
indicated that host plants of papaya mosaic caused by PHSV 
were species limited to the family Cucurbitaceae*
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These included.: Cucumls roelo var. reticulata. Cucumls sativus. 

Cucurbits maxima. Cucurbit a peso and| dtrullus ianatus. 

Cucumls satiyus showed only light to mild mosaic; Cucurbita 

pepb. Cucurbit a maxima. Cucumls melo var. reticulata and 

Qltrulius lanatus showed mild to severe mosaic with scattered 

green blisters in addition to leaf distortion. The average 

incubation period on Cucurbits was 12 days as compared to 21 
dayson papaya. Plant species that failed to show symptoms 
were: Gbmpfarena olobosa. Vinca rosea. Impatiens baleamina. 

Beta vulgaris. Spinacia oleracea. Zinnia eleoans. Haohanus 

satlvus. Bras sic a rapa. Momordica bale ami na« Phase&lus 

vulgaris var. humllls. Vigha sinensis. Nlcotlana qlutinosa,
' ' « i 1 *

N. rustics. N. tabacvm, Petunia hybrid a and Aplum qraveolens 

var. dulce.

Conover (l964a,b) reported that the host range of 

all the three viruses (' DRV, FMRV, MMV) was restricted only 

to plant species belonging to Caricaceae and Cucurbitaceae. 
Hosts In Caricaceae, susceptible to MMV, DRV and FMRV 

included: Garica cauliflora. Q. qoudotiana. C. monoica* 

Carlca candamarcensls was susceptible only to MV, 

while C. guercifolia was immune to all the three viruses. 

Non-cucurbitaceous hosts which were susceptible to MMV,
* i i 1

DRV and FMRV included Oyclanthera pedata and Mel ot hr la
* . i ,

pendula, whereas, cucurbitaceous hosts viz*., cucumber,
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muskmelon, watermelon and summersquash were readily
i I • > . . » 1 ‘ 1 ■ • i . . *

infected by DRV and FMBV, but not by MMV. Plants not 

susceptible to MMV, DRV and FMEV were: Luff a cvlindrica.

. ****** Magg, fr m*ssa.*
olutinosa, Phaaaolus vulgaris. Passiflora edulis f• 
flavacarpa* Slcana oderifera and Vicma sinensis*

de Bokx (1965) while studying MMV and DRV described 

by Conoyer (1962, 1964a,b) reported that MMV was detected 

by means of local lesion hosts such as Gomphrena globose.
Chenopodium aaaranticolor. and Cassia Occident alls.

, t !

Antirrhinum mains and Sesamum ihdicum were systemic hosts, 
while Vinca rosea and 21nnia elegans were symptoroless hosts 

• of MMV:. The systemic hosts of DRV were pumpkin 
{Cucurbits pepo) cv. small sugar and squash (C. pet?o var. 

melopepo). which exhibited mosaic symptoms 12 to 15 days 
after virus inoculation. The non-ghosts of DRV isolate were: 

cucumber cv* Chicago pickling! Watermelon cv* Stone Mountain;
Gomphrena globesa, Ghenopodium amaranticolor^ and Cassia

’ • • * ‘ / , * 1 .

Occidentalls* Contrary to Conover’s findings, squash 

(Cucurbita pepo var. melopepoiand pumpkin (_£• popo) were the
,' • r ,i • •

only cucurbitaceous hosts of the DRV isolate observed in 
this study by de Bokx.

• » i

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

which were important hosts of the virus in Hawaii, were



80

equally susceptible to PMV when transmitted by the green 

peach aphid, Mvzua persicae.

The susceptibility of different hosts to MMV and 

DRV as confirmed by Conover (1962, 1964a) and de Bokx (1965) 

was re-evaluated by Zettler £t. ai... (1968) through 

differential aphid transmission and mechanical inoculation 

using de Bokx's isolates* These studies have indicated that 

in addition to papaya, cucumber (Cucumis sativus ) cvs*

Chicago Pickling, National Pickling, A & C, Marketer and 

Ohio MR 17; and watermelon (Gitrullus lanatus ) ev* Stone

Mountain were susceptible to both MMV and DRV showing 

systemic symptoms* The susceptibility of other cucurbitaceous 

test hosts varied with; MMV and DRV isolates* Thus pumpkin 

(Cucurbita dopo ) cvs* Small Sugar and Jack-O-Lantren; and 

summersquash ( C. pepo var* melopepo)cvs» Early Prolific 

Straightneck and Yellow Prolific Straightneck were infected 

systemic ally only by DRV, but not by MMV* Similarly, muskmelon 

(Cucumis melo) was found to be systemically infected by MMV 

only* The non^cucurbitaceous hosts. Antirrhinum malus and 

Gomohrena globoaa were susceptible only to MMV isolate and showed 

systemic and lodal 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 MMV 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, 1964a,b) or de Bokx (1965), even 

though same isolates were employed by all the investigators* 

In Conover's host range studies, cucumber, watermelon and 

muskiasion were found to be non-hosts of J®AV, while in 

de Bokx*s studies, Chicago Pickling cultivar of cucumber 

and Stone Mountain cultivar of watermelon were not infected 

by DRV.

Hosts of DRV isolate from Dominican Republic 

determined by mechanical inoculation were found only in the 

Cucurbitaceae and Carlcaceae (Story and Helliwell, 1969)* 

Cucurbit hosts of the virus included pumpkin (cv* Snail 

Sugar) and squash (oy* Early Prolific Straightneck)* Hosts 

within the Carlcaceae was the Solo variety of papaya* Plants 
not Infected by DRV were: muskmelon, watermelon, cucumber, 

bushbean (Phaseolus vulgaris), tobacco, Gomphrena alobosa. 
Antirrhinum majus. Vinca rosea. Zinnia elegans and 
Chenopodium amaranticolor * The inability to infect cucumber, 

muskmelon and watermelon with DRV was in disagreement with 
the reports by Conover (1964a), de Bokx (196S) and 
Zettler ai.* (1968). Disagreement of researchers in the 
reported DRV cucurbit host range was partially attributed 
to the differential susceptibility of these hosts when 
inoculated and it was opined that the susceptibility of 

cucurbits was limited to seedling stage, particularly
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Just before the emergence ofthe primary leaves* And it 
«as supported by the fact that the.DRV often failed to 
infect, pumpkin or squash, when, inoculated in their primary

leaf stages'(Story and HaXliwell, 1969)*
* * , * \

* , ^ ■r ’

' ~ Singh < JL969a,b) reported that thte host range of
PEHV and PMV (possibly isolates of PRSV) was restricted only 

to the family Garicaceae. Fifty six species of plants 

belonging to 16 families^ Apocynaceae, Balsaminaoeae, 

Caparidaceae, Ghenopodiaceae, Compositae, Convolvulace.ae,

Cruelferae, Cucurbitaceae, Geraniaceae, legimlnosae,

Malvaceae, Plantaginaceao, Schrophulariaceae, Solanaoeae, 

andTropeolaceae), when separately inoculated mechanically 

with these Viruses. PLRV and PMV could not infect any other 
plants than Garica papaya.

Cook and Zettler (1970) while screening 90 accessions 

of cariep Paoavp received from.different sources, using two 
isolates each of PRSV and of PMV originated from Florida 
and Venezuela': have not found any differential cultiyar*

For instance. PRSV and PMV isolates from Florida have been 

found indistinguishable from their respective counterpart. 

Venezuelan isolates in symptomatology in C. papaya* However, 
they have been able to identify diagnostic plant species for 

PRSV and PMV. For instance both the PRSV isolates 

systemically infected Cucurbita peop cv* Small Sugar, but

neither of them infected G. qlobosa* Both the PMV isolates 
failed to infect Q. popo cv* Small Sugar, but readily
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infected G. globose and produced identical.local, lesions 
on the inoculated leaves* Plants of Jacaratia mexlcana 
related to Carlca species were apparently immune to PHSV 

and were hypersensitive to PMV.

Host range studies made on three viruses viz*, 
(XV, CRV, and M.V isolated from papaya showing " field 

decline symptoms" in East Africa showed that (XV, CRV when 
maintained in papaya were found to infect Chenopodium 

amaranticolor. C. guinea. Carlea paoava and soybean* The 
host plants susceptible only to NLV were: Antirrhinum maius 

and groundnut. All the three viruses failed to infect 
cucumber, muskmelon, watermelon, 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 Oahu, Hawaii, and to determine possible sources 

of resistance and other additional diagnostic hosts of 

these viruses* Their identification of "papaya rlngspot 
virus" (PRSV) was based on systemic infection in Cucurbit a 
pepo cv* Small Sugar and failure to infect G* alobosa. 
while that of PMV was based on the production of necrotic 

local lesions on 6* alobosa and Cassia occidentalis and

failure to produce symptoms on £,* pqpo cv* Small Sugar* 
Nlcotiana glut!nosa and Datura stramonium were

insusceptible to both PHSV and PMV, while these hosts were
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used_ as diagnostic hosts for the ldentificat.ion.of. "tomato 
spotted wilt" (TSIKY,) infecting papaya* Plants of vicia faba,

Celosia plumosa were systemically infected, while that of 

Ocimum basilicum developed chlorotic rings on inoculated 
leaves following infection with PMV, but not at ail by 
PRSV. Chenopodium amsrariticolor was found to be infected by

both the viruses* Leaves of C. amaranticolor inoculated with 
PRSV developed red-bordered chlorotic local lesions easily 
distinguishable fpom those caused by PMV* Plants of Garica 
cauliflora, C. goudotlana, C* monoica, C. papaya cv- Solo {

C. parviflora and G. pubescens were found susceptible, while 

those of related Jaearatia sPinosa were Immune to both PRSV 
and PMV.

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

and a weed host Melothria guadalupensis in addition to papaya*

In their extensive host range studies oriented 
towards the identification of indicator hosts of Colombian 
isolate of PHSV, Sanchez de Luque and Martinez Lopez 
(1976b, 1977) failed to locate not even a single local 
lesion host from among the 33 plant species belonging to 

13 families ( Amaranthaceae, Caricaceae, Chenopodiaceae,
Gonvolyulaceae, Compositae, Cucurbitaceae, Huphorblaceae, 
Fabaceae, Hypercaceae, Leguminosae, Mimosaceae, Port ul ace ae
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and Solanaceae) tested as possible hosts* The systemic 

hosts of PHSV were * Garlca goudotiana, Citrullus lanatus. 

Cucumis meXo and Cucurbita peoo cvs. Senator and Small Sugar* 

C. pepo cv* Snail Sugar was found to be the most promising 

plant to be used as a indicator host,for PHSV diagnosis* For 
systemic 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 absence of papaya (Sanchez de tuque and Martinez 

Lopez, 1977). None of the weeds studied was a host of the 

virus* Cucumis sativus. C* dipsaceus. Cucurbita moscfaata. 

Momordica char anti a, C. amar anti color and Cassia Occident alls

were hon^hosts of PHSV in addition to several leguminous, 

solanaceous and other test hosts*

v, * . 1 t * • , •

The host range of "papaya ring spot virus" (PHSV)
i • 1 t ,

described and reported from Udaipur, India, include plant 

spedles belonging to Carle ace ae, ChenopodiLaceae and 

Cucurbitaceae* The virus induced chlorotic local lesions 

surrounded by red-borders in C. amar anti color; systemic 

mosaic mottling in pumpkin (£• maxima). squash (£.• pepo) 
and vegetable marrow (G. pepo var* medullosa),* The virus

failed to produce symptoms on cucurbitaceous hosts like
. i ,

Cucumis melo, Citrullus lariat us. C. f istulosus. Laqenaria
i t i

slceraria. Luffa acutangula and Trioosanthes anquina 

(Sureka &L*» 1977} *
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. In contrast to the report of Sanchez de Luque 

and Martinez Lopez (1977), Wan$ gj. pj.»(l978) in Taiwan, ' 
observed Chenopodium amaranticolor and G. ouinoa to react 
with local lesions following inoculation with,Taiwan Isolate 
of PRSV. The virus also caused systemic. necrosis on melon 
and mosaic on otter cucurbits ( Wang sSl &kr» 1978).

Chenopodium amaranticolor and £. guinea have been 
found, to be. hypersensitive to PRSV in Taiwan,.inspite of... 
the fact. that.the virus was recoverable only.from C* guinea. 
Two isolates, of PHSV, virus-I pausing wilting.ate virus-XI 
producing conspicuous mosaic have been recognised ate squash 
being indicated as the best differential host for the two 
(Chang, 1979).

Marathwada Isolate of PRSW has been reported to 
Infect plant species in Chenopodiaceae and Cucurbitaceae 
families. The systemic hosts of the virus reported include 
ashgourd, spongegourd, longmelon, cucumber, pumpkin ate 
squash* £* amaranticolor ate G. ouinoa have been found to 

be local lesion hosts* Watermelon, bottlegourd, ridgegourd, 
bittergourd ate two species of Chenopodium viz*. C. albiaa 
and C. murdle, apart from plant species belonging to 
Amaranthaceae, Compos!tae, Leguminosae ate Solanaceae have 
been recorded as non-hosts of the virus (Yemewar ate Mali, 
1980).
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tana (i960) reported that.the Nigerian isolate 
of PRSV had a narrow host range restricted to Chenopodlaceae, 
Caricaeae and Cucurbit ace ae. The local lesion hosts reported 
include £• amaranticolor and C. quinoa; and systemic ones 

inducing mo sale include Cucumis sativus cy. Money Maker; 
faint mottle InCucurbjta pepo ev« Zuchini; and vein- 
clearing,, leaf/curl,, and. rlngsppt in papaya svs* local and 
Solo^. Non-rhosts of.the virus included. G1 trull us -ianatus. 
g* Sftatee, VjgM and Nicotiana tabacum.

.............:........................................................ ...... ......... \"
The host range upon mechanical sap inoculation of

PRSV isolate from Sri ianka included Carica papaya. Cucurbit a 
pepo, Cucumis sativus and Chenopodium amaranticolor* Carica 
papaya evs • Solo Hawaii and Coimbatore Dwarf-1, reacted with 
systemic chlorosis, vein-clearing and ringspot* C. pepo.
C# sativus and Chenopodium amaranticolor with systemic faint 
mottle, mosaic and necrotic local lesions respectively. The 
plants of N. tabacum. G. aiobosa. Viqna sinensis.
PhasePlus vulgaris and Lvcopersicon esculenturn were non-hosts
of the virus (Rajapakse and Her$th, 1982).

Insistance to PRSV in PI-292190- an accession of 
Cucumis metuliferus has been reported to be conferred by-a 
single dominant gene. Clones of and test-cross plants
inoculated with PRSV or "water melon mosaic virus-1 (WMV-l)

/

reacted identically, suggesting that the factor for resistance
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to PRSV is closely linked to Wnv or may be the sate factor* 

PRSV and WMV-i are known to be closely related serologically* 

ACC-2459 of C* metuliferus has been found to be an ideal and 

valuable host for the propagation of isolates of PRSV 

(Provyidenti and Gonsalves* 1982)*

The Pernambuco isolate of PRSV studied by Barbosa 

and Paguio (1982a,b) had a host range limited to Carioaceae 

and CUcurbitaceae* The virus caused systemic infection in 
Carloa papaya, C. pepo cvs* Caserta, Early Prolific. 
Sfcraightneck, Zuchlnit and Cucumis melo cvs. Amarelo ...
Redonode and Edisto* Cucumis yativus. Citrullus lanatua.

N* tabacum. G* globose. Antirrhinum majlus* Chenopodium 

amaranticolor, Phaseolus Vulgaris and Vigna unguiculata were 

non-hosts of the PRSSf» '
* ■ t

Wan and Conover (1983) observed that the leaves of 

Snail Sugar Pumpkin inoculated with PRSV developed chlorotic 

spots* veined earing* vein-banding and systemic mottling*

The Chinese strain of PRSV has been reported to 

invade members of the Cucurbitaceae* in addition to the 

Caricaceae (Wu 1983).

An aphid transmitted mosaic disease of papaya from 

Kanpur, India, have been reported to infect hosts like 
Cucumis Oativus* Trichosanthes anguina. Cucurbita maxima*
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dtrulus ianatus. lagan aria sicararia and Cucumls melo. 

The virus produced characteristic local.lesions on the 

Inoculated leaves of Ghe no podium amaranticolor (Bhaskar, 

1983).

Of the several plants species belonging to the 
families of Amaranthaceae, Chenopodiaceae, Garicaceae, 
Cucurbitaceae, Leguminosae and Solanaceae, PRSV isolate 

from Venezuela has been shown to infect only some plant 
species belonging to Garicaceae viz*, Carica oaoava and 
Cucurbitaceae viz., Cucurbits peoo cv. Early Prolific 

Straightneck. The non-hosts of the virus.were N« tabacum. 

Cassia Occidentalls, Chenopodlum amaranticolor. C. quinoa,

G. qlobosa and Vlona sinensis ( de la Hosa and lastra, 1983).

While conducting comparative host range studies of 

nine isolates of PRSV from Taiwan* USA (Hawaii, Florida), 
Eucador; and three isolates of watermelon mosaic virus-1 

(HIMV-pI) from the USA (New York, Virginia, Florida), Veh i$. 
(1984) have reported that all the nine isolates of PRSV 

infected members of Chenopodiaceae, Garicaceae and 

Cucurbitaceae, while watermelon mosaic virus-1 isolates 
such as WWf-lNf and WMV-1VG infected only Cucurbitaceae, but 

WW-1F infected both Chenopodiaceae and Cucurbitaceae. All 
the nine PRSV isolates and one of WWM*1 isolates viz..
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W^IF induced local lesions in both SbftQflBfigiMm
amaranticolor and C. gulnoa. The major difference between

i , , * »

PRSV.and MMV-l was that the former infected Carica paoava 

and the latter did not. Three species of Cucurbitaceae viz., 

Cucumis metuliferus (ACG-2459), Gucumis anouarla var. anauaria
s - . ’

and Cucumis anauaria var. lonoioes were found to be valuable 

hosts for the propagation of PRSV. Qieumig metuliferus 

(PI-292194), Cucumis melo line B 66-5 and Cucumis satlvus 

*Surinam", which possessed genes resistant to VMV-i, reacted 

identically to all isolates of and PRSV. All the
ll r

isolates of MV-i and 'PRSV produced systemic symptoms on 

Cucumis melo cv« Gold Star, Cucumis meeusii> Cucumis dipaaceeus, 

Cucumis dihteri; CueumiLs hardwicfcil. Citrullus lanatus.
Cucurbita inoschata and Luffa acutangula* None of the PRSV 

or WWV-4 isolates, infected NLcotlana benthamiana. Bras sic a 

oampestris. Plsum sativum or Phaseolus vulgaris (Yeh et ;al.« 

1984).

The PR^ isolate from Andhra Pradesh had a 

restricted host range. Besides papaya, it produced systemic 

symptoms on Cucumis satlvus., C. melo and Gltrullus lanatus 
belonging to the family.Cucurbitaceae and local lesions on

Chenopodium amaranticolor and G. gulnoa belonging to the family
/ . - , 1 ,

Chenopodiaceae. The virus failed to infect the following
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cucurbitaceous hosts viz., Lagenaria si car aria, luff a 
aeutanqula, Momordica charantia, Trichosanthes angulna and

Cucurbita maxima (Susan John, 1985}.

2.8 Physical properties:

Physical properties of "PRSV" and other "aphid- 
transmitted mosaic viruses" of papaya, 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 
io*3.

>

According to Capoer and Varma (1948, 1958} aphid 
transmitted "papaya mosaic” lost its infectivity after 26 to 
28 hours storage at room temperature, after heating for 10 
minutes between 53 to 55°G and dilutions between lO*3 to 10~4.

Aphid transmitted "papaya mosaic" (PMV) from Hawaii, 
has been reported with the following physical properties, 
dilution end point (DEP) being, between ID*4 to iO*"5, thermal 

inactivation point (TIP) being at 54°C and longevity in vitro 
(LIV) for 8 hours Ushii and Holtamanni 1963).
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Strains of PRSV viz. , DRV and FMRV from Florida

have also been studied for physical properties. No
-»3differences, however, have been noted in DEP (10 ) or TIP

(between 54*56°C) or LIV (8 hours) between these strains 

(Conover, 1964a* b).

Story and Halliweii (1969) reported the physical 

properties of "DRV" of papaya in Dominican Republic- The 
thermal inactivation point (TIP), dilution end point (DEP) 

and the longevity £n vitro (LIV) recorded for this virus 
weres 50 to 55°C, 10*3 and 8 hours respectively.

Singh (1969a) reported that the "papaya leaf 
reduction virusB (PLRV) had a DEP between lo"*2 to 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 6G°C and between the dilutions of 10"4 and 

10 • The virus was viable upto 24 hours but not upto 
30 hours at room temperature.

Kulkarni (1970) has reported the physical

properties of three viruses (with potyvirus group particle 
morphology) viz.» CLV, CRV, and NLV. These viruses 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 (10“®), 
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
i

TIP of 50 and 55°C and a LIV of 96 hours* The DEP was being 
at 10*3 (Lopez Pinto, 1972).

Lima and Gomes (1975) have reported that the 

PRSV isolate from Fortaleza, Brazil, was inactivated 
between 54 to 56°C and after an aging la vitro for 12 

hours*

The Colombian isolate of PRSV had a LIV of 8 
hours at 24°C and 2 days at 4°G, and TIP at 60°C 

(Sanchez de Luque and Martinez Lopez, 1976b).

Sureka gjL al* (1977) have reported that the 

Rajasthan isolate of PRSV was inactivated between 45 to 

50°C. The DEP was 1*500 and the LIV 24 hours*

According to Wang §&. fiL* (1978) the PRSV isolate 
of Taiwan, in. papaya leaf sap lost its infectivity between 
50 to 55°C, 10“3 to 10~4 dilution or storage at 20°C

for 10 hours*
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Chang (1979) from Taiwan has recordad differences 
in the physical properties of the two isolates (Virus-I, 

Virus-H) of PRSV. The isolate Virus-I had slightly lower 
values of TIP <45- 50°C)# than the isolate Virus-II but had 
higher values, for DEP (10~4 to ID**5) and LIV (10 to 11 days) 

than the isolate virus ll (DEP, JO"3 to 10*4; 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 10 in papaya sap. The virus was viable 
upto 10 hours at 27 to 30°C (Yemewar and Mali, 1980)«

The TIP, the DEP and the LIV reported for the 
"Nigerian isolate of PRSV" were: 57°C, 10~3 and 10 hours

' V

respectively (Lana, 1980).

Barbosa and Paguio (1982a) from Brasil have 
reported that the physical properties of the PRSV isolate, 

designated as " PRSV-PE". In papaya sap, the virus lost its 
infectivity between 55 to 60°C and on storage between

12 to 24 hours at room temperature* The DEP of the virus
—2 —3 •was between 10 to ID •

An aphid transmitted "papaya mosaic virus”(PMV) 
reported from 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 at room temperature and at a 
dilution, of, JO*3 (Bhaskar, 1983),.

de la Rosa and Lastra (1983) from Venezuela have 
reported that PRSV was inactivated between 52 to 54°C. The 
DEP was ICf4 and.the LIV was 24 hours.,

. * v 1 t

Wu gt. (1983) from South China have reported 

that the inf activity of the PRSV in papaya sap was lost
a wA

between 50 and 55 C, between 10 and 10 dilutions and 
after a storage between 8 to 16 hours at room tenderafcure.

The infectivity of the PRSV isolate 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 10 to 10” 

(Susan John, 1985).
, i ' * *

2*9 Strains ;

Two types of isolates of "papaya ringspot virus” 
are now being recognised viz., type P isolates and type 

W isolates (Purcifull al.. 1984) < The main difference 

between these isolates is that the type P isolates infect 

papaya whereas type W isolates does not (Gonsalves and 
Ishii, 1980; Yeh 1984). In papaya* the type P

isolates cause mottling and distortion of leaves, rings 
and spots on fruit and streaks on stem and petioles.
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Affected plants are stunted and fruit set Is reduced 

(Jensen, 1949a; Conover, 1964a),. Cool weather favours 

the development of severe leaf distortion symptoms (Jensen, 
1949a; Conover,, 1964a; Lima and Gomes, 1975). In squash, 
watermelon and other cucurbits, type W Isolates cause 

mottling and distortion of leaves and fruit (Halliwell
t

1979)* A variant found in Guadeloupe is serologically 
related to, but distinct from, typical P and W isolates 

(Sense strict©, Purcifull sL al«. 1984)* Isolates within 

type P differ in the symptoms they induce. These are well 

documented in the literature and designated as; "faint 

mottle ringspot virus" (FMHV) which induces milder symptoms 

in Ca*ioa Paoava than "distortion ringspot virus" (DRV) 

in Florida (Conover, 1964a,b); non-sap transmissible mild 

strain of DRV characterised by leaf distortion and upward 

curling of young papaya leaves in Dominican Republic (
Story and Halliwell, 1969); two isolates of PRSV from 
Hawaii (USA) viz.,"PRV-HA" and « PRV-HB", the former 

causing severe leaf distortion in papaya and intensive 
mosaic and leaf distortion in Cucurbita pepo and the 

latter causing less severe leaf distortion in papaya and 

only mild mottling in G. peoo (Gonsalves and Ishii, 1980); 
variation in foliar symptom expression has been observed 

on papaya, inoculated with nine isolates of PRSV originating
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from different gebgraphio regions- For instance, five 

Taiwan .isolates of PRSV viz., Su-mm caused mild mottling; 

Su-sm ..caused severe mottling, Su-smn induced systemic 
necrosis, and . wilting apart from severe mottling, while 

isolates viz., T-Chen and T-Wang developed mottling and 

mosaic; two Hawaiian isolates of PRSV viz-, PRV-HA and 

PRV-HB induced mosaic and leaf .distortion symptoms; and 
the. Florida isolate PRVF-340 and a Ecuador isolate PRV-ED 

produced mosaic, and, shoestring!ng symptoms.- .In the winter 

months, all .the isolates .except.. Su-mm showed. severe symptoms 
of leaf-distortion and shoestringing (Yeh gt aJs.-,/1984)<

Mild strains of PRSV such as " Aparecida" in Brazil and 
a ■ nitrous acid induced mutant" PRVHA 5-1 In Florida, that 
cross-protect against severe ones have been reported 

(Rezende gt gi.., 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-1F, but not WMV-1NY or WMV-XVG, produced local 

lesions on Chenopodium amaranticolor and C. auinoa- Further, 

based on host reactions, it has been shown that r. WMV-1NY 

and WMV-1VG are infectious only to Cucurbitaoeae, but 

Vft/EV-lF being infectious to Cucurbitaceae as well as 

Chenopodiaceae (Yeh 1984). Further, Yeh gt aL« (1984)
opined that inability to produce local lesions on 
Chenopodium spp-, by WMV isolates should not be used as

r

criteria to distinguish WWV-i from However, they
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f elt .that local lesion. production on Chenopodlum quinoa 
and, C. amar anti col or - might provide a useful criteria for 

distinguishing strains of

2*io ssn&sm. J

The virus is a good immunogen* Liquid 
immunpprecipitin tests with clarified plant extracts 
(Webb and Scott, 1966} 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)( Puroifull and Hlebert, 1979) or 
pyrrolidine ( Shepard gjL al.« 1974) can be added to disrupt 
the particles into diffusable fragments* 33s 
immunodiffusion tests have been.used to detect, isolates of 
types P end W in cucurbit leaf extracts with antisera to 
untreated virus. (Purcifull and Hiebert, 1979? Russo gt. al..

1979) or with antisera, to 33S treated particle protein 
(Gonsalves and Ishii, 1980)* Freeze-drying of leaf extracts 
is a convenient method for preparing reference antigens for 
use in 33 S- immunodiffusion tests (Purcifull and.Hiebert, 
1979). Virus detection in papaya by ^^immunodiffusion 
is possible but unreliable (Wan and Conover, 1983);

Enzyme-linked immunosorbent assay (ELISA) has 
been used to detect the virus; much higher A 405 readings 
were obtained when extracts from infected papaya or squash



99

leaves were prepared in 0.25 M potassium phosphate*

04 M HDTA, pH 7.5, than in extracts prepared in standard 
phosphate-buffered saline (Gonsalves and Ishii, I960). 

Immundelectron miscroscopic procedures have also been used 

to study the relationships (Makkouk and Lesemann, 1980).

fi

Antisera have been prepared to the proteins of 
cylindrical (Pinwheel) inclusions(Cl) and amorphous 

inclusions (AI). The d proteins have been detected using 

SOS- immunodiffusion methods (Baum and Purcifull, 1981$ Yeh 
and Gonsalves, 1984b). Antisera prepared to purified Cl 

proteins of type P and type W isolates had titres Of l/8 

to l/6 in SPS- immunodiffusion tests* With indirect 

ELISA, Cl proteins have been detected at' concentrations as
B

low as 1.6 ng/ml and at sap dilutions of 3.2 x 10 (Yeh 
and Gonsalves, 1984b).

2.10,1 Relationships s

Its particle morphology, aphid transudesibility, 

serological relationships and ability to induce pinwheel 

inclusions in host cells placed "papaya ringspot virus" in 

the "potyvirus group" (Bollings and Brunt, 1981$ Matthews, 
1982). Edward son (1974) assigned both type P and W 

isolates to sub-group I because they typically induced 

pinwheels and scrolls, but not laminated aggregates, in 

host cells*
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"Watermelon mosaic virus" (WMVj has been divided 

into two groups of strains: by.Webb and Scott (1965) on the 

basis of failure in, cross-protection tests,, on major . 
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 isolates and had shown that they were the strains 

of the same virus* They had also shown that "papaya ring spot

virus" was serologically closely related to both WMV-land 
WMV-2 isolates, but "potato virus Y" (PVY) and ?bean yellow 
mosaic 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, host range and cytological 
distinction between WMV-1 and WMV-2 isolates, although 

distant serological relationships have been detected in some 

cases* Further, the coat proteins and Cl proteins of 

type W (WMV-l) were reported to be serologically very 

closely related, if not identical with those of type P 

isolates (Papaya ringspdt virus) (Purcifull and Hiebert,

19791 Busso si.&L*, 1979; Gonsalves and Ishii, I960; Makkouk 
and lesemann, I960; Baum and Purcifull, 1981{ Barbosa and 

Paguio, 1982a* Dodds gjLflL** 1984 and Yeh and Gonsalves, 
1984b).



Purcifull and Hiebert (1979) reported that in 

S3S- immunodiffusion tests WMV-JLEL and WMV-2FL isolates were 

distinguishable and also by differences in their cross- 

reactivities with certain potyviruses* The "papaya ringspot 
virus" have been found to be closely related to HiW-lFL, 

but not with WW-2FL* "Soybean mosaic virus" (SR®0 has been 
observed to be closely related to WMV-2FL, but not to WMV- 

1FL. Moreover, they noticed very faint reactions of WMV- 

1FL with WMV-2FL antiserum with bleedings collected later 

than T months after immunization*

ELISA and SDS* immunodiffusion tests have been used 

to check the relationship of papaya ringspot virus isolate of 

Hawaii (PRSV^HA causing severe leaf distortion) to several

potyviruses and isolates of PRSV. Watermelon mosaic virus-1
11

(W«V-l), PRSV-HA and Florida isolate of PRSV (PRSV-340) gave 

reactions of identity in £>&- immunodiffusion tests in which 

antisera to.PRSV-HA and VWUR/—X were used, while WMV-2 did not 

react with either antiserum* Antisera of PRSV-HA and WMV-1 

also gave strong reactions to PRSV-HB (isolate from Hawaii 

causing leaf distortion to lesser extent), PRSV-340 and 
V9MV-1 in ELISA tests* Isolates of "bean yellow mosaic virus" 
(BYMVX, "cowpea aphid-borne mosaic virus" (CAMV) and " 
watermelon, mosaic virus-2" (WMV-2) have failed to react with 
the antiserum of PRSV-HA in ELISA or 33S-immunodiffusion tests 

(Gonsalves and Ishli, 1980)*
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Makkouk and Lesemann (1980} have reported that 
in SDs~ immunodiffusion tests the Lebanon isolate of VUMV-1 
reacted with ¥MV-1, but not with HSMV-2* Using Derrick 
technique of immunoelectron microscopy, they observed strong 
specific trapping when grids were coated with \M/~i antiserum, 
but no trapping with MV-2 or "bean yellow mosaic virus"
(EWMV) antisera* In decoration technique of immunoelectron 
microscopy, a strong effect was observed with WMV-1 
antiserum, and a weak and no reactions were observed with 
BYMV and WMV-i antisera respectively*

Antisera specific for cylindrical inclusions of a 
Jordanian isolate of WMV-l, a Florida isolate of ¥MV-2 and a 
fifejdcan isolate of (WMV-M) did not react with their 
respective purified viruses or with healthy antigens in 
SDS-double Iramunodifussion tests* In reciprocal tests with 
antisera collected from 2 to 4 months after Initial 
immunization, only the WASf*4A inclusion antiserum reacted 
with crude sap or purified inclusions of other WMV- isolates* 
Intragel absorption of WAV-M inclusion antiserum with 
purified inclusions of WW-1 and WMV-2 or WMV-M confirmed 
that WMV-M inclusions were immunochemically distinct from, 
but related to VSDW-1 and WMV-2 (Baum and Purcifuil, 1981}«
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Barbosa and Paguio (1982a) reported that In S3S- 
immunodiffusion tests the Pernambucan isolate of PRSV showed 
a close serological relationship with ” watermelon mosaic 
virus-1" (WMV-l), but not with WMV-2.

Dodds fij. jL* (1984) from the University of 
California observed a cross-reaction between WMV-l antigen 
and WMV-2 antiserum in SDs- immunodiffusion test* . The 
visible precipitate was closer to the antiserum well than 
the precipitate formed by the homologous reaction between 
WMV-2 and WMV-2 antiserum. This was obtained when 
California antiserum, but not when the Florida antiserum to 
WMV-2 was. used and its development could be prevented by 
cross absorption* when SDs* treated sap from plants infected 
with WMV-l was placed in the centre well 4 hours before 
placing California 1/®/W-2 antiserum in the centre well* No 
cross-reaction between WMV-2 antigen and WMV-i antiserum was 
detected. A cross-reaction between WMV-2 and WMV-1 antiserum 
was detected by ELISA*

Yeh g£ aL* (1984) reported that in S3S* 
immunodiffusion tests, nine isolates of PRSV obtained from 
different geographical regions gave a reliable and consistent 
reactions to three isolates of WMV-l, when infected Cucumis 
metuliferus (ACG-2459) was used as crude antigen for PRSV
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isolates arid infected Zucchini squash for WMV-1 isolates*

The reactions were determined by using either antiserum to 
dissociated coat protein of PRSV or antiserum to intact 

particles of WMV**1« The results indicated that all the nine 
isolates of PRSV namely, Su-mm, Su-sm, Su-smn, T-Chen and 

T-Wang all from Taiwan; PRSV-HA and PRSV-HB of Hawaii;

PRSV-F340 from Florida and PRSV-3D from Ecuador and three 
isolates of WMV-1 viz*, WMV-1VG (Virginia), WMV-1NY (New 

York) and WMV-XF (Florida) were serologically 

indistinguishable* Moreover, their host range studies 

indicated that Gucumis metulifertis (PI 292190), Cucumia melo 

line B 66-5 and Gucumis sativus "Surinam" which possessed a 

single recessive gene for resistance to WMV-1, reacted 

identically to ail nine isolates of PRSV and three isolates 
of WMV-i. The similarities in resistant and susceptible 

host reactions and serology encountered in these studies 

have shown that PRSV gild WMV-1 were very closely related.

Yeh and GonsalVes (1984b) observed no serological 
differences when purified PRSV CLP and WMV-i CIP were tested 

against either PRSV CIP dr WMV-i CIP antiserum* Moreover, 
when crude antigens from infected tissues were tested against 

both CIP antisera, all the nine isolates of PRSV, and three 
isolates of WMV-i were serologically indistinguishable*



PRSV CIP antiserum and WIW-i CIP antiserum did not react
* \ . - \ * 4 •- •» *

with sap from plants infected with V®/M-2 Nf, WMV-2F and

WMV*2C... No .precipitin alines were. observed when crude 
antigens from plant tissues infected with PVY, TEV, BYMV,
CAMV, B1GMV, LMV, and TuMV were tested against both antisera? 

The results of indirect ELISA confirmed immunodiffusion 

tests that PRSV CEP and WMV-1 CIP were serologically 

identical* but not related to HfflAf-2 CIP.

Considering the properties of type P (PRSV) and 
type W (mw~l) and their biological and cytological 

similarities, Loyisolo (1980) and Yeh (1984) suggested

reclassification of PRSV and WMV-»l as strains of the same 

virus rather than two different viruses* Accordingly PRSV 

and WMV-1 isolates have been regrouped under one name,

"papaya ringspot virus® as type P and type W isolates 

respectively (Purcifull gjL aJL*, 1984).

PRSV has affinities with some potyyiruses. 
Pyrrolidine degradation products of its particles reacted to 

the D- protein of "tobacco etch virus" (TEV) (Shepard aL*» 
1974), and the particle proteins and CIP of potyvirus 

isolated from cucurbits in Morocco (Fisher and Lockhart, 1974) 

were serologically related to, but distinct from, those of 

PRSV ( Baum and Purcifull., 1981).
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Lima and Gomes (1979) reported that in 

immunodiffusion tests Brazilian isolate of PRSV gave no 

specific reaction against the antisera specific for "papaya 

mosaic virus" (PMV) and "tobacco ringspot virus"(TRSV).

PRSV isolate described from Marathwada region of 

Maharashtra State was serologically related to PH$V isolate 

from Florida (USA) but apparently shared no common antigens 

with the antisera of "bean common mosaic virus"(BCMV),

"bean yellow mosaic virus" (BVMV)i "potato virus X" (PVX), 
"potato virus-M" (PVM)#, "tobacco mosaic virus" (TMV), 

"cucumber mosaic virus" (CMV) and. " tobacco ringspot virus" 
(TRSV) (Yemewar and Mali, 1980j Dake, 1986) •

Lana (1980) found that when detergent-treated 

antigens used in agar diffusion tests and precipitin tests 

with partially purified antigens of PRSV, the disig'nated 

PMV and PRSV isolates gave positive reaction to their type 

strain antisera. The papaya decline virus (PBV) also 

reacted to the PRSV antiserum* indicating that all these 

isolates were serotypes of PRSV and PMV. PRSV gave negative 

serological reactions with the antisera of "papaya mosaic 
virus" (PMV), "potato virus X" (PVX), "potato virus Y"

(pvy), "tobacco ringspot virus" (TRSV), "tomato ringspot 

virus" (TmRSV), "tobacco mosaic virus (TMV) and "cucumber 

mosaic virus" (CMV).
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Partially-purified preparation of PRSV described 

from Andhra Pradesh, in agar-gel diffusion tests gave 
positive reaction pnly to the PRSV antiserum, but not to 
the antisera of "pumpkin mosaic virus", "cucumber mosaic 
yirus-X" and "bottlegourd mosaic virus" (Susan John, 1985).

2.U Electron microscopy t

2.11-1 Particle morphology s

Electron microscopic observations of sections of 
leaf, fruit and stem tissues of papaya infected with PRSV

i * ,showed filamentous particles in the cytoplasm* In the 
cell they were in a somewhat parallel arrangement or 
completely randomly distributed. The average length of the 
particles worked out include 800 ♦ 10 nm and a diameter of 
12 nm. They had a channel of 3 ran diameter in the centre 
(Herold and Weibel, 1962).

de Bokx (1965) have reported long flexuous 
particles with a modal length of 780 nm in the leaf-dip

. ' 1 X ,preparations of papaya leaves infected by "distortion
ringspot virus" (DRV), a strain of PRSV.
* / ■

. n Three viruses from East Africa viz., CLV, CRV and 
NLV, were 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).



Smith (1972) determined the length of the 
"distortion ringspot virus" (DRV) a strain of PRSV to be 
between 700 to 800 ran*

Khurana (1974) reported that in leaf-dip 
preparations! the average particle length for " mild mosaic 
virus" (f®SV) , "distortion ringspot virus" (DRV) and "ringspot 
virus" <HSV) 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 described and reported 
by Break and Pozdena (1976), had elongated flexuous virus 
particles in the diseased leaf tissues. Average length of 
the particles was 730 nm based on the means of main maximum 
ranging from 600 to $00 nm.

In leaf-tissue preparations stained with 2 per 
cent phosphotuQgstic acid and ultrathin sections of papaya 
infected with "papaya ringspot mosaic virus", filamentous 
virus particles of 200 to 1200 nm long (generally 700 to 
800 nm) and JO to 15 nm diameter had been observed by 
Ko £& flL* (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, iana (i960) found that the 
average dimensions of the 213 particles of purified PRSV



were 791 x 12 rim., TJie particles of the "papaya decline • 
virus* (PPV) isolate measjured 748 x 13 ran in crude sap of 
infected tissues*

Barbosa and Paguio (1982a) reported that in leaf*
. • »

dip preparation the particle length of the Pernambucan
' * • i • ,

isolate of PRSV designated as PRSV-PE was found to range 
from 750 to 80G nm*

de La Hosa and Lastra (1983) while working with 
the Venezuelan isolate of PRSV, observed leaf-dip preparation 
to contain flexuousf rod-shaped particles* They reported 
a1 modal length of 782 ran. based on 167 virus particle counts*

Electron microscopy of papaya leaves infected with 
Taiwan isolate of PR$f 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 Marathwada isolate 
of PRSV contained elongated, flexuous, rod-shaped particles* 
The average length of virus determined from means of main 
maximum was 776 + 5 m (Bake, 1986}.

2*11*2 Inclusion morphology *

Ultrathln sections of PRSV infected leaf tissues 
displayed “piawheel" and "circular* inclusions Which were 
considered to result from cross-sectioning of three 
dimensional inclusions (Zettler aL*» 1968). Electron 
microscopy of ultrathin sections of "distortion ringspot
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virus" (DEV) infected papaya leaf tissues revealed the 
presence of "pinwheel"' and " circular" inclusions (Story 

and Haliiweli, 1969). "Pinwheels" and"scrolls" have also 

been observed in papaya leaf tissues infected by isolates 

of PRSV from Pernambuco (Barbosa and Paguio, 1982a) and 

South Ghlna (Wu &£.&,•» 1983). Chen (1984), in addition to 

"pinwheels" and "circular" or "tubular" (scrolls) inclusions* 
reported the presence of "short laminated aggregates" in 

the tissue sections of papaya leaves infected by Taiwan 
isolate of PRSV. Edward son fijL aL» (1984) studied the 

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

inclusions (Gd) consisting of "pinwheels" and "scrolls", 
which is a Characteristic feature of subdivision-1 of the 

potyylrus group.
/

2*12 Cross protection t

Several unsuccessful attempts have been made to 

develop effective control measures for PRSV. Conover (1964a, 

b). Cook and Zettler (1970) and Cook and Milbrath (1971) 

failed to find resistance to the virus among the Carioa papaya 

lines* However, some species of Carica such as C.candamarcensis, 

£• c and! pans. C. cauliflora. G. pubescens. C. querslfolia 

and £• stipulate and two members of Caricaceae viz., Jacaratia 

mexlcana and J* spinosa have been reported to possess resistance
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to PRSV (de Zerpa, 1958, 1962} Jimenez and Horoyitz, 1958}
Vasudeva, 1959; Capoor and Varma, 1961; Conover, 1964a, b;
Horovitz and Jimenez, 1967; Gook and Zettler, 1970; AJsuar,
1971; Cook and Milbrath, 1971) • Unfortunately, the species
of Carica and Jacaratia carrying genes for resistance to PRSV
were found to be incompatible with Carica paoava and
conventional interspecific hybridization has been met with
little or no success (Mekako arid Nakasone, 1975)*
Furthermore, attempts to control PRSV through application
of insecticides for control.of aphid vectors, roguing of

»infected plants, oil and milk sprays and placement of *
reflective white plastic cloth to avoid landing of alate 
aphids have not been successful*

The unavailability of resistant sources among 
C. paoava. ineffectiveness of chemical control on account of 
stylet*borne nature of the virus, roguing being not a 
permanent solution and restricted host range of the virus, 
made cross protection an attractive alternative method of 
management of PRSV.

The occurrence of a mild isolate of PRSV designated 
as "Aparecida D’oeste" with a cross protective ability has 
been reported from Sao paulo, Brazil (Rezende s|.sL«» 1981). 
Papaya plants preimmunized with this isolate, that super 
inoculated and then exposed in the field for four months 
did not show any increase in mosaic symptoms or foliar
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distortion and made good growth (Rezende g£ ak*» 1982). 
Subsequently, four months after challenge inoculation, all 
the field exposed challenge inoculated plants started showing 

mild symptoms at first and tend to. increase in severity 

after 5 to 8 months (Rezende §£. 1983, 1984). The
failure of cross' protection or pre-imnunlration of PRSV 

was attributed to mutation and selective competition of 

mild isolates of the virus* but not to break-in protection 

(Rezende g|. 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 isolates that are more stable and competetive 

(Rezende at al., 1984). Recently, Yeh and Gonsalves(1984a) 

have succeeded in inducing mild strains of PRSV with 
protective ability designated as PHVHA-5-1 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 SMI and Ml 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 PRVH/W5-1 and Ml have been 

found to be highly valuable mild strains for controlling 

PRSV by cross-protection (Yeh si. sL*» 1986).



2*13 Disease resistance *

Several unsuccessful attempts have been made to 

develop effective control measures for PRSV. Although , 

tolerant selections of papaya (A8EC-7, AREG-12 and ARE019) 

and their cross- combinations (like 7-A x 19-G, 12-B x 7-E, 

12-C x 7-E and 19-B x 19-G) have been identified (Conover, 

1976; Conover and Lit*, 1978) f resistance to PRSV have not 

been found to occur within Carica papaya (Cook and Zettler, 

1970; Conover, 1976; Conover and Lit2, 1978; Wang ?t al.. 

1978)* Some species of Carica such,as C. candamarcertsis.

C. candlcans. C. cauliflora. C. pubescens. C. quersifolia 

end C. stipulate. howpyer, have been reported to be 

resistant to PRSV (Capoor and Varma* 1948, 1968, 1961; 

de Zerpa, 1958, 1962, 1967; Jimenez and Horovitz, 1958; 

Vasudeva, 1959; Conover, 1964a,b; Horovitz and Jimenez,

1967; Cook and Zettler, 1970; Adsuar, 1971). Among other 

genera of Caricaceae, two species of Jacaratia viz.. £• 

mexicana (Cook and Zettler , 1970) and J. splnosa (Cook and 

Milbrath, 1971) have also been found to be resistant to 

PRSV. Unfortunately, the species of Carica carrying genes 

for resistance to PRSV have been found incompatible with 

Carica papaya and conventional interspecific hybridisation 

has met with little or no success (Mekako and Nakasone, 1975). 

The review pertaining to PRSV screening trials Is presented 

below:



The results of "papaya mosaic" (considered to be 
caused by PHSV) screening trials carried out by Capoor and 
Varma (1948, 1958, 1961) have indicated that Garioa papaya 
varieties namely, Poona Long, Poona Bound, Bombay, 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 were susceptible 

(Gapoor and Varma, 1948, 1958)* Among the Caries species 

tested, only C. caullflora was immune, whereas, £• candamarcensls* 

C. qoudotiana and C. microspora have been found susceptible

to the virus ( Gapoor and Varma, 1961) •
«

Mechanical s ap inoculation tests carried out in 

Venezuela with papaya mosaic caused by PRSV showed that 

C. caullflora. C, candamarcensls were resistant, but C. monoica. 

and C. microspora were susceptible to the virus (Malaguti 

1957).

According to Jimenez and Horovitz (1958)

C. candamarcensls can be crossed with C. papaya, although seed 

fails to mature. In most cases, however, the immature 
embryos can be cultivated successfully*



In Venezuela,, resistance to.* distortion.....
rlngspot* (DRV) an. isolate of. PRSV was found only, among 
Carleaceae other than papaya accessions* It was also 
observed that in reciprocal graft tests between infected 
C. papaya and C. cauliflora, the latter inhibited infection 
inC. paoava which could tshen give rise to healthy leaves* 
Among the Carle a material tested for resistance to DRV,
C. candicans, Q. pubescens arid C. stipulate have been found 

to be resistant ( do Zerpa, 1959, 1962, 1967).
'f • ‘ >7* ‘ 1 ' • .........................................................l‘ ‘ ' f

I *

Vasudeya (195?) reported that three species of
Garica viz*, C. cauliflora.. C.. candamarcensis. and.........
C. mlcrospora when tested against an aphid-transmitted

‘ ’♦ 1 1 \ ' * *’ _ \ i

unidentified "papaya mosaic* by mechanical sap inoculation, 
only C. cauliflora was found to be resistant.

•’ 1 » ’ , k i ’ , * • •

Of the various.Garica spp,, tested in Florida for 
thair resistance to * distortion rlngspot virus* (DRV) arid 
"faint mottle rlngspot virus* (FMRV)f strains of PRSV, 
two species viz*., C. dnd C. w®*®
resistant, while C. cauliflora, C. goudotlana and C. monoica

were susceptible to both the strains (Conover, 1964a,b)*

Horovitz and Jimenez (1967) observed that 
£* candicans« G. cauliflora and C. stipulate to be resistant 
to DRV' in Venezuela- They also reported that attempts to 
incorporate DRV resistance into C. papaya from other Garica 

species failed 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 

Australia, 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 PRSV. Some of the C. papaya 
varieties found susceptible to PRSV were: Alargada, Alargada 
Rosada, Banglore, Bettins, Brookfield, Cotaxtla, Hawaiian, 
HOffman, Honey Dew, Kiru,Madhubindu, Ranchi, Redfleshed, 

Redonda, Simultana Giant, Solo and Sunny Bank* Plants related 

to Jacaratia mexlcana, however, were immune to PRSV (Cook and 

Zettler, 1970).

Carle a candamareensis was found to be resistant 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, Gujarati, Hawaii an ,Jaunpuri Large, Mammoth Large,

Ranchi and Washington have been found to be susceptible to 
a sap and unidentified aphid transmissible papaya mosaic 
virus reported from Haryana and Rajasthan (Varma, 1971).

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

were found to be immune to PRSV.
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Adsuar (l97i) found that C. candamarcensis was 

immune to an aphid transmissible mosaic disease of papaya 

present in Puerto Rico# Carica candamarcensis plants 

inoculated with sap from and cl eft-grafted with mosaic

infected papaya plants* did not develop symptoms of the
/

disease*

Mekako and Nakasone (1975) from the university of 

Hawaii* in their interspecific hybridization programme among 

six Carica species have observed that C. Cauliflora and its 

F^ hybrids were resistant to * distortion ringspot"(DRV) 

a strain of PRSV*

Conover (1976) summarised the results of breeding 

programme and achievements of tissue culture initiated at 

Homestead, Florida* which were aimed at the developing papaya 

varieties tolerant to DRV. The results of this programme 
have disclosed that of the 20 papaya stocks screened for 

their resistance to DRV, only two stocks viz*, AREC-7, and 

AREC-19 had no plants severely affected by DRV* It was 
observed that tolerance to DRV was an inheritable trait. 

Tissue culture technique was believed to be very useful in 

papaya especially to overcome the problem of cross- 

ineOmpatability between C. paoava and other Carica species.

It was believed that the tissue culture would be quite 

helpful in the following ways* propagation of individual
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tolerant plants to.enable specific genotype to.be. 
maintained, which otherwise might be lost if propagated 

by seed and subsequently such plants could be used for 
production of F^ seeds* as parents in a. standard breeding 

programme* or* if easily propagated, set in the field for 

fruit produotiOni anther cultures might be used to produce 

haploid plants which could be treated so as to became 

homozygous diploids which would breed true and this would 

results in great saving in time, since the selling required 

to produce homozygous lines by normal breeding procedures 
being 8 to 10 years; an embryo culture might be used to 

overcome the problem of incorapetability between C. papaya 

and Carica. sp* This might make it possible to transfer the 

resistance to DRV in these species to papaya*

While evaluating first generation progeny from 
crosses within and between.lines of papaya derived from, plants 

selected individually for tolerance to PRSV, Conover and 

Litz (1978) found that tolerance to PRSV was inherited in a 

quantitative manner. The effectiveness of a given staminate 

or pistillate parent in transmitting tolerance to its progeny 

depended on the other parent, suggesting that the highest 
level of tolerance resulted from pairings which combined the 

greatest number of, different factors for tolerance. A 

useful level of tolerance has not been found in red or 

orange-fleshed varieties* Among the parental lines tested 
for their tolerance, AREG-19 showed maximum number of tolerant



plants followed by AREC-7, AHEC-12 and ABIC*#. Among 

the various sib matings, mating between 19-A and 19-G 

resulted in maximum tolerance, while among the crosses* 
the .crosses between 7-A and 19-G| 12-B and 7-Ej and 12-C 

and 7-E have produced maximum tolerant plants*

Lit* and Conover (1979) reported successful 

somatic embryogenesis in cell suspension of Carica

stipulate, a PBSM- resistant relative of G. papaya.

In Sri tanka no resistance has been fourtd among 
40 accessions of Carioa pabava to an aphid transmissible 

papaya mosaic virus, but Garica candamarcensis was found to 

be resistant (Rajapakse,, 1981} •

Prowidenti and Gonsalves (1982) reported that 

resistance to PHSV was conferred by a single dominant gene. 

Clones of and test-cross plants of Cucumis metuliferus 

when inoculated vdth “PHSV“ or “watermelon mosaic virus-l“ 

(WMV-l) reacted identically, thereby indicated that the 

factor for resistance to PRSV was closely linked to Vfaav or 

being the same factor.

Of the $3 lines or varieties of papaya screened 

for PRSV tolerance in Taiwan, two varieties viz., 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-1, Co-2, Co-3, Co-4, Honey Dew 
and Washington to be susceptible to PRSV.



MATERIALS AND METHODS



3. MATERIALS AND METHODS

/

3.1 Survey s

. Papayja plantations in different localities of 
Maharashtra State, were surveyed during the months of 

September, October and,November, 1985 and January, 1986 

for a ."papaya ringspot disease" caused, by * papaya 

ringspot virus" (PRSV). Identification.of the disease... 
under field 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 PHSV- infected 

plants* intercropping, cropping pattern around papaya 

plantations and aphid colonisation on papaya, intercrops* 

and neighbouring crops was also recorded.

3.2 Isolates of PHSV i

To confirm the Identify* prevalence and possible 

existence of strains 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 isolate and named after a
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locality from which it was collected. Thus 10 samples of 

PBSV 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. paoava from 

different localities of Marathwada included Aurangabad (1), 

Latur (1), Handed {l), Osmanabad (1) and Parbhani (2). Two 

isolates* one each from an interspecific hybrid between 

C. cauliflora x C. paoava and C. paoava from Pune. One 

Isolate each was collected from G* papava from Thane and 

Akola* Ton isolates were designated using abbreviations 

of localities from where these isolates were collected.

These included AKL. (Akola), AUR( Aurangabad), LTR ( Latur),

HAH (Handed), QSP ( Osmanabad)| PBN (HG) and PBH (FF)j 

PUN*HC*c.p.j PUN-C.p. and THA (Thane). Two Parbhani 

isolates viz., PBN.( H6) and PBN (FF) were collected from 

Horticultural Garden, MAU, Parbhani and Farmer*s. field 

respectively. Similarly, Pune isolates viz., PUN-HC- c.p. 

and. PUN-C.p. were, collected from Ganesh Khind gardens 

from an Interspecific hybrid between C. cauliflora x 

C. papaya and from G* paoava respectively.

3.3 Isolation and maintenance of isolates :

Isolates of PBSV, collected from different localities 

of Maharashtra State were established and maintained on two
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hosts viz., papaya (cV* Washington) and summersquash 

(Cucurbita oepo van melopepo cv. Patty Pan) by mechanical
f

sap inoculation and by aphid transmission in an insect- 

free glass house. Isolates of PRSV maintained on these 

hosts served as sources of virus for biological and 
physico-chemical tests* Healthy test plants of papaya 
(cv. Washington) and summersquash (cv. Patty Pan) were 

raised from healthy seeds in earthen-pots (15 cm diameter) 
containingstSam^sterilised soil, compost and sand (2:1U) 

mixture. All the transmission tests were carried out, 

preferably on 50 days old seedlings in case of papaya and 

at cotyledon stage in case of summersquash* All the 

inoculated plants were maintained in an insect- free glass 

house and observations on the aspects like incubation 

period, percentage inlectivity and symptoms were recorded 

for ten isolates separately.'

3.4 transmission studies :

3.4*1 Mechanical transmission *

Standard inoculum of different PRSV isolates was 
prepared in a Cold 0*1 M phosphate buffer, pH 7*0 containing 
0.1 per cent sodium diethyldlthiocarbamate (DIECA), by 

titurating young symptomatic leaves in a chilled mortar 
and pestle. The resultant inocula were filtered separately 
through double-oVered muslin cloth, before being used for
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mechanical Inoculation*. Fifty days old plants of papaya 
(cv* Washington) we£© inoculated by conventional leaf-rub 
method using a cotton swab* Carborundum (800 mesh) was used 

as an abrasive* Immediately after inoculation, plants were 

washed thoroughly with water* Healthy seedlings of papaya 
(cv* Washington) inoculated similarly with distilled water 

were used as controls* For each inoculation, about 20 
healthy seedlings of papaya were used. All the inoculated 

plants were maintained in an insect-free glass house and were 

regularly observed for development of symptoms* Observations 
on incubation period, sequence of symptom development and 

percentage transmission of the Virus were also recorded*

3.4.2 Aphid transmission :

3*4*2* 1' Maintenance of pure culture of. different aphid

species s

Eight aphid species viz*, Acvrthoslphon Pisum 

(Harris), Aphis craceivora Koch* Aphis qossypli Glover.

Aphis nerii Boyer d© Fonscolombe, Meianaohis (« Lonaiunauis 

van der Goot)c? saccharl Zehntner, Myzus perslcae (Sulzer), 

Rhopalosiphum maid is (Fitch), and Uroleucon(= Dactvnotus 

Raflnesque) compositae (Theobald) used in transmission tests, 

were collected from clusterbeans, Glvricidla maculata. cotton, 
Calotroois gigantea sorghum, cabbage, maize and safflower 

respectively* For all the aphid transmission tests, aphids 

raised from single aphid colonies were used. For raising



125

colonies of aphids of different species, healthy leaves 

of their respective feed-plants were placed on slightly 

moistened filter paper discs contained in Petri dishes*

An apterous female aphid from each of the aphid species,

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 
th^ir further multiplication* Different species of aphids 
used in this study, were identified as per the key and 

descriptions outlined by Blackman and Hastop (1984)* These 

identifications were confirmed by Zoological Survey of India, 

Calcutta*

3*4*2.2 Aphid ^transmission of ten PRSff isolates s

The main objective of this study was to know the 
aphid transmissibllity of different PRSV isolates and also 

to assess the efficiency of different aphid species in PRSV 

transmission* For aphid transmission of PRSV isolates, 8 

aphid species viz., Acyrthosiphon pisum, Aphis cracciyora,

A. qossvpii* A. nerilt Melanaphis saccharl, Myzus perslcae, 

RhopaXosiPhum maldis and Uroleucon compositae were used. In 

all the transmission teats, only adult apterous aphids were 

used. Adult apterous aphids from each species were given a 
pre-acquisition fasting period of 1 hour by keeping them in
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Petri dishes containing moistened filter paper discs 
followed by an.acquisition feeding time of 5 minutes on 
young symptomatic leaves of source plant (Papaya cv* 
Washington) of each of the 10 PRSV isolates* Then* they 
were, transferred onto a 50 days 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 aphid-virus isolate combination, 20 healthy 
seedlings.of papaya were used. Fpr each test.plant, 30 
yiruleferous aphids were used In.transmission tests? Healthy 
seedlings of papaya (cv* Washington), similarly exposed to 
non-vlruleferous aphids were used as controls* Later, aphids 
were killed by spraying 0*02 per cent dimethoate insecticide* 
All the test seedlings were maintained in an insect-free 
glass house and observations were recorded f or incubation 
period, type of symptoms and percentage transmission in 
respect of each isolate.

3.4*3 Transmission of PRSV using different parts of
infected papaya plant as a source of inoculum :

In these studies, Washington cultivar of papaya 
naturally infected by.PRSV**PBN (FF) isolate and healthy 50 
days old seedlings of papaya (cv* Washington) served as 
donor and test hosts respectively,' to: assess the virus 
inoculum potentiality of different infected tissues viz*, 
leaf, petiole, stem and fruit, in PRSV transmission tests*
For virus transmission studies, two methods of inoculation
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viz., mechanical sap and aphid were employed. Symptomatic 

leaves showing distortion; petioles and stem showing streaks 

and fruits showing 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 0.1 M phosphate 

buffer containing 0.1 per cent D1H6A, by triturating them, 

individually in a chilled mortar and pestle. The resultant 

inocula, were, then, filtered separately through a double* 

bvered 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 

conventional leaf*?rub method, using cotton swab and 

Carborundum {600 mesh) as an abrasive* Immediately, after 
inoculation, plants were washed thoroughly with water* For 

aphid transmission, two species viz., Aphis gossvpli and 
Myzus perslcae were used. Adult apterate aphids of A. qossvpii 

and M. perslcae after a pre-acquisition 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 were killed by spraying with 0*02



per cent dipet ho ate insecticide. Separate sets of healthy 

seedlings of papaya inoculated 14th distilled water and 

carborundum and exposed to eyiruleferous aphids of 

& ftossypil and M. persicae* served as. controls* All the 

inoculated plants were maintained in an insect-free glass 

house apd observations were recorded with respect to 

incubation period* symptoms and percentage transmission for 

each virus source tisstie^inoculation method combinations*

3.4*4 Virus-vector relationship s
,, >• ' u . ' ' ’ *

t •

, , Parbhani isolate of PRSV (PBN-FF) and two aphid
, i * .

species yir.., COssvpil and M. persicae. were used to 
determine the virus-vector, relationship. Healthy seedlings 
of summersquash (C. pepo var. melopepo ) cv* Patty Pan* 

preferably in cotyledon stage and Just before the emergence

of primary leaves* were used as test plants*

3.4*4*1 Efficiency of different morphological forms of the
aphids in PRSV transmission s

In order to determine the efficiency of different

morphological forms viz., nymphs, alats adults* apterate 
adults of A. qossvpii and M. persicae. a pre-acquisition

fasting period of 1 hour, followed by an acquisition feeding 
period of 5 minutes was given on PRSV- infected leaves of 
papaya. Later* these morphological forms were transferred.
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separately in a batches of 30 per plant onto separate sets 

of 20 healthy seedlings of sunnier squash 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 insecticide and the test plants were maintained 

in an insect-free glass house and observations in respect 
of symptom development and percentage transmission were 

recorded-' separately for each morphological form of an 

aphid species* Healthy seedlings of test plant inoculated 

with aviruleferous aphids of different morphological forms 

were used as controls*

3.4.4.2 Influence of the number.of aphids in PRSV
transmission :

A varying number of aphids viz., 1, 5, 10, 15, 20, 
25, 30, 35, and 40 of A. qossVPli and M. persicae were used 

in these tests* After a pre-acquisition starvation of 1 hour 
and acquisition feeding of 5 minutes on the virus source, 

aphids in different numbers were transferred separately to 

sets of 20 healthy seedlings of summersquash (cv* Patty Pan) 

and allowed for an inoculation feeding of 4 hours* Later 
aphids were killed by spraying 0.02 per cent dimethoate 

insecticide* The test plants were maintained in an insect- 

free glass house and observed for symptom development* The 

efficiency of each aphid treatment was assessed by computing 

per cent infectivity of PRSV based on 20 test plants*
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3.4*4.3 Effect of pre-acouisition fasting periods given to

aphid vector species on PHStf transmission s

Adult apterate aphids ( A. qossvpii and M. perslcae)

pre-starved for different periods i.e. 0, 0^5, 1, 2, 3, 4, 5 

and <6 hours were given an acquisition feeding of 5 minutes 
on the virus source* Later, the aphids were transferred onto 

a separate sets 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* 

Transmission 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 

summer squash exposed to aviruleferous aphid s( that were 

subjected to different pre-acquisition fasting periods) served 

as controls.

3,4.4.4 Effect of different acquisition feeding periods given

to aphid -vector species on PRSSt transmission s

To determine acquisition feeding period of PRSV, 
aphids ( A. qossvpii and M. perslcae), after 1 hour pre­

acquisition starvation, were allowed separately for different 
acquisition feeding periods of 1, 2, 5, 10^30 , 60 and 120
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minutes on virus source. Subsequently, they were transferred 
onto a separate sets of 20 healthy seedlings summersquash 
(cv. Patty Pan) in a batches of 30 per test plant and were 
allowed for an inoculation feeding for 4 hours- After killing 
the aphids by spraying dlmethoate (0.02 per cent)1 insecticide 
all the test plants were maintained in an insect-free glass 
houseand regularly observed for symptom development. The 
efficiency of each feeding time was assessed by counting the 
number of plants, infected*

* t

3*4,*4*5 Effect, of different inoculation feeding periods given
to aphid vector species on PHSy transmission i

To determine the inoculation access period' of PRSV, 
aphids ( A* QOssvpil and M. bersicae) * pre-startfed for X hour 

and allowed for 5 minutes accjiisition access on virus source, 
were transferred in a batches of 3d aphids per plant, onto a 
separate.sets of 20 healthy seedlings of summersquash 
,(cv* Patty Pan) and were allowed for different inoculation 
feeding periods of 1, 2, 5, 10, 13, 30, 60 and 120 minutes*
At. the end of each inoculation feeding period, aphids were 
killed by spraying with. 0*02 per cent :. dlmethoate insecticide 
and ail the test plants were maintained in an insect-free glass 
house* Efficiency of each inoculation feeding period was 
judged by calculating percentage infactivity based on 20 test 
plants*
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3*4«4*6 Persistence of PHSV in aphid vector species *

The retention of the virus by an aphid i.e. the 
number of plants an Individual aphid can infect was 
determined by feeding an aphid on a series of 3 summersquash 
plants (cv* Patty Pan) for 1 and 2 'minutes on each of the 
first four plants and left Overnight on the last plant series* 
Prior to serial transmission, the aphids (A. gossypli and 

M* persicae) were given a pre^acquisition fasting of 1 
hour followed by an acquisition feeding of 1 and 2 minutes 
on virus source* Later, the aphids were hilled by spraying 
0*02 per cent dimethoate insecticide and test plants were 
maintained in an insect*- free glass house* Observations 
with respect to number of plants infected in each series 
were also recorded*

3 *4.5 Seed transmission *

Seed transmission tests ("growing-on" and 
"indicator" inoculation tests) were conducted with seeds 
collected from papaya (cv* Washington) plants that were 
infected by PRSV* All the fruits selected for seed 
extraction from virus infected plants possessed ring spots 
typical 'of PRSV on the rind. Seeds collected from such 
fruits were washed in tap water and dried, before they were 
used in transmission tests* " Growing-son" and " indicator®
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inoculation tests were usedin determining seed transmission- 

For these tests, about 2,200 seeds were sown in five lots 
in earthen-pots containing steam-sterilised soil, compost 
and sand (2:1:1) mixture- In each pot about 50 seeds were 

sown- About 2,206 seeds collected from healthy fruits 

(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 symptoms, if any, were recorded- Seedlings 

of papaya not showing symptoms of PRSV even after a period 

of two months, were indexed on test plants viz-, papaya 

(ev- Washington) and summersquash (cv- Patty Pan) using 

pooled samples, each consisiing of 100 plants, to detect 
symptomless infection if any by seeds- Test plants were 
inoculated with a sap from pooled samples, using 
conventional leaf-rub method. For this purpose 0.1 M 

phosphate buffer (pH 7.0) containing 0.1 per cent DIECA, 

was used as 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 growing papaya (cv. Washington) plants ranging 

from 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 5cm in 
length and 0*6 to 1 cm in width) of both healthy and PRSV- 
infected plants was carefully sliced with a sterile razor 
blade in order to expose the cambium in an equal pattern.
The healthy 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 content 
of cambium of infected plants with that of healthy ones 
and also to prevent a possible damage by desiccation. Later* 
the grafted plants were maintained in an insect-free glass 
house and regularly observed for symptom development, the 
observations with respect to incubation period, symptomatology 
and percentage Inf activity were recorded.

3.4.7 Dodder transmi asion *

For dodder (Cuscuta species) transmission of 

PRSV isolate PBN-FF), virus free dodder culture was used.
The virus free dodder culture was raised by sowing seeds 
collected from dodder and grown on healthy seedlings of 
papaya In earthen-pots* The stems of dodder seedlings after 
having obtained the length of 2 to 4 cm* were placed on papaya 
seedlings with one end of the seedling In the soil 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 abundant number of new vines, they were used for 

transmission of PRSV from papaya to papaya, following the 
procedure outlined by Fulton (I9d4)»

For effecting dodder transmission of PRSV, the 
virus free dodder Was first established on PRSV-infected 

papaya plants* For this purpose, pieces of dodder collected 

from virus free culture were wrapped around petioles and stems 
of the infected papaya plants and were allowed to establish* 

After having ensured the establishment of dodder oh infected 

plants, vigorously growing, uninjured tips of dodder vines 

were trailed 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* 

free glass house* Observations with respect to incubation 
period., symptoms and percentage transmission of the virus on 

the dodder inoculated plants were recorded.

3*5 Host range s

For host range, plant species belonging to nine 
families viz., Amaranthaceae, Caricaceae, Chenopodiaceae,

Composita©, Gucurbitaceae, Labiateae, Leguminosae,

Malvaceae and Solanaceae, were selected for comparing 

reactions of 10 PRSV isolates* All the test host plants 
were raised from healthy seeds sown in earthen-pots



containing steam-sterilised soil, sand and compost (251:1)
mixture, and were. Inoculated at their appropriate growth

/ >

stage with ten PR$V isolates by mechanical sap and 
viruleferous aphid inoculations* Ml the leguminous plant 
species were inoculated, on. primary leaves} cucurbitaceous 
plant species, invariably on cotyledons, just, before the 
emergence hi true leaves} while the other test plants were 
inoculated, when they were at 6 to .8 leaf stage, or on fully 
expanded leaves* Plant species belonging to Chenopodiaceae 
were tested only by mechanical, sap inoculation* For 
mechanical s ap Inoculation* inoculum was prepared separately 
for each of the HISV isolate by triturating young symptomatic 
leaves of respective isolates with a cold mortar and pestle 
in a chilled, neutral 0.1 M phosphate buffer containing 0.1 
per cent 'DIEGA (islw/v) and the resultant sap extracts were 
filtered separately through double-overed muslin cloth, 
before being used for Inoculations* A set. of 10 healthy 
plants of each of the host species was used fox inoculation 
of each of the PHSV isolate* inoculations were made by 
conventional leaf^-rub method, using a cotton swab and 
carborundum (’800 mesh) as an abrasive • Immediately after 
inoculation, plants were washed throughly with water and 
maintained in an insect-free glass house. For aphid 
inoculations, viruleferous, apterous aphids of
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■Aphis gossypil were used* Adult apterous aphids of 

A. gossypil» after a pr e-acquisition fasting of 1 hour and

acquisition feeding time of 5 minutes 3T;on young 

symptomatic leaves of source plant (papaya cv* Washington) 
of each of the PR£V isolates• were transferred onto a 

separate sets of about 10 healthy seedlings of each of the 

host species* in batches of 30 aphids per plant and allowed 
for an inoculation feeding of 4 hours* At the end of 
inoculation feeding time, aphids were killed by spraying with 

0.02 per cent dimethoate insecticide andmaintained in an 

insect*free glass house* Separate sets of 10 healthy 

seedlings of each of the test plant species, inoculated with 
distilled water and Carborundum and also e*osed to 

aviruleferous aphids ( A. oosavoli) served as controls* All 

the inoculated plants were Watched regularly for 4 to 6 weeks 
to record observations with respect to Incubation period,

t

symptoms and percentage infectiyity.

The host species that failed to express symptoms 
even after 4 to 6 weeks of virus inoculation, were back 

Indexed on papaya (cv* Washington) and summersquashs i

(cv* Patty Pan) test plants for detection of latent infection, 

if any*

The' host range study was conducted during December 
1986 to July 1987 and the weather data i.e., temperature and
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XI. Carlcaceae :
4. Carlea eaullflora Jacq*

5. Carlea papaya h. cv* Washington

^ -

humidity ranges prevailed during these months are presented 

as below :

Table showing mean monthly Meteorological observations s

Month/ Temper at ure(°c) Relative humidity*#)
Year

Max* Min. A.M. P.M.

December.1986 29*7 12.8 74.0 47.0

J anuary. 1987. 30*4 14.1 79.0 35.0

February 1987 32.4 13.6 37.0 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 following plant species were used as test hosts?

«« 
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III* Chenopediaceae *

$• Beta vulgar is L.

7. Ghe no podium album Red*

8* Cheno podium amaranticolor Coate* at* Reyn* *

9* Ghenopodium morale L.

10. Ghenopodium oulnoa Willd.

IV Gompositae s

11• Zinnia elegans Jacq.

V. , Cucurbit aceae. y

12 Benincasa hispid a Coon* ev? _Co-i. ........ .......... ..
13* Cltrullus 1 anat us (Thumb) Mat sum & Nakal .cv. Sugar Baby

14. Cltrullus lanatus var• fistulosus Doth & Full 
cy*_Arka Tinda.t .... . ... __ .

15* Cucumls melo 1. cy* Arka Jeet. ....... ....
i • * • ’ * * *

16. Cucumis sativus 1. eva« Bang!ore Dwarf , Banglore
Special. ^hite ..arid local i... _.. ............. ....J....

It., Cucurbit a maxima Duchenee. cv* Arka Suryamukhl

18* Cucurbita oepo L.. cv* Arka Chandan.
19*. Cucurbita pepo var. meiopepo (1.) Alef .cv* Patty Pan-

20* laaenaria siceraria (Mol*) Sfendl. cv* Pusa Summer
Prolific long.- ,

21% luffa acutanqula Roxb. cv. J • long.
Op. luffa cyllndriea (1*) Roem* cv. Pusa ChiJcni*

23* Momordloa char anti a 1*. cy». Coimbatore White long.

. 24., Trichosanthes anguine 1* cv. Green long.

VI. , labiateae. i
25 Qcimum baailicom.lt
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VII. Leguminosae s

26. teSfl.ggfl *«* CV. SB-XI
2? SassM sMyjsL4y,L>
28. Clear arietlnum L. ov* BDN.-9-3
29* Glycine max (L.) Merr. cv. MAGS-13.
30. Vicia fab a L.
31. Vidna munpo (L.) Hepper cv. Slndhkeda-1-1.
32. Viqfta radiate (L.) Wilcz. CV.J*781.
33. yiaoa ungylcu^ta (t. ) Waip. cv. c-i52.

VIII. Malvaceae, i

34. Abelmoschus esculentus (t«) Moench. pv.Pusa Sawani.

XX Solanaceae :
33. Capsicum annuma L. cv. NP-46-A.
36. Patera stramonium L.
37. Lvcooersicon esculentum Mill, cv. Pusa Ruby
38. Hi cot i ana olutinosa I.
39. Nicotians rustlca L.
40. Nicotians tabacum L. cv* White Burley.
41. Solanum melongena L. cv. Pusa Purple tong.

3.6 Indexing of field infected cucurbitaceous plant
species for the presence of PHSV s

Field grown cucurbitaceous plant species like 
bitt4>£$°u*6 (Momordioa charantta. t*)» bottlegourd 
(Lagenaria slcerarla Standi.), ridgegnurd (Luffa acutanqula 
Roxb.), snakegdurd (Trichosanthes anaulna L.). and
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spongegourd ( luffa cylindrica (L*) Room.), showing mosaic 

symptoms and watermelon ( Gltrullus lanatus (Thumb) Matsum 

and Nakai*) showing mosaic, vein-banding and leaf distortion 
symptoms were indexed on healthy seedlings,of indicator 

plants of papaya cv* Washington and summergquash ov*. Patty
. t * , • » * * - ' , . .' A .

Pan using aphid vector { A. oossvpii) for detecting the 
presence of PRsy.

Adult apterate forms of A* gossvpil* after having 

given a pre-acquisition testing of 1 hour, were fed on young 

symptomatic leaves, of test cucurbitaceous plant species for 

5 minutes and then transferred in batches of 30 per plant 

to a set of UO healthy Seedlings each of papaya (qv. Washington) 
and surnmersquash (cv. Patty Pan) indicator plants for an 

inoculation feeding of 4 hours* Subsequently, aphids were 

killed by spraying 0*02 per cent dimethoate insecticide and 

the inoculated plants were maintained in an insect- free glass 

house and observed for symptom development* Healthy seedlings 

of papaya and summersquash* similarly exposed to non- 

viruleferous aphids served as controls*

3.T Physical properties *

The studies on physical properties viz., thermal 
inactivation point (TIP), dilution end point (DEP) and 

longevity in vitro (1IV) of 10 PllSV isolates were carried

i
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out $8 per the procedures outlined by Bos fit. ai.. (i960), 
using.papaya leaves (cv. Washington) infected with 
different isolates of PRas virus source and summersquash 
(C. pepo var. melopepo) cv. Patty Pan as an assay host.

3i7.l thermal inactivation point (TIP) «
' 4 « * * '

Standard leaf extracts of isolates of PHSV were 
prepared in ill ratio of leaf tissue to O.l M phosphate 
buffer (pH 7.0) containing 0.1 per cent BIECA. Aliquots 
of 2 ml standard extracts of 10 PRSV Isolates were pipetted 
into a set of nine glass test-tubes per isolate and were 
subjected separately to different temperature treatments 
from 40 to 80°C with an interval of 5QC for 10 minutes 
In a thermostatic wafer bath. After temperature treatment, 
cold water was runover outside the tubes to cool the 
contents* All the treated extracts were then indexed on. 
summer squash assay host, by conventional leaf-rub method 
using carborundum (800 mesh) as an abrasive* A set of 
JO plants were inoculated with each PRSV isolate- 
temperature treatment combinations* The cotyledons of 
assay host (summersquash) plants, similarly inoculated 
with untreated standard extracts of different PRSV isolates 
were used as controls* later, the test plants were 
washed and maintained in an insect- free glass house.

• ■ i

Observations were recorded with respect to number of
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plants Infected aid the percentage infectivity was 

calculated, based on ID test plants-

3*7-2 DtMlan^sol,P93rn1t (dep) *
V

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 JUD PRSV isolates were prepared in isl ratio of tissue 

to buffer (G.l M phosphate buffer of PH 7.0 containing O.l 
per cent DIECA) and were further diluted in ten fold 
(X*i0) series, from undiluted, JlT* to JD*7. A set of 10 

seedlings of an assay host at cotyledon stage were 
inoculated separately with dilution treatments of PHSV 

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 

PHSV isolates served as controls- Immediately after 

inoculation, the test plants were washed and maintained in an 

insect* free glass house- Observations were recorded 

isolate wise, with respect to number of plants infected by 

each dilution treatment *

3.7.3 Longevity la yj$C£jLVi) I

In ©idler to know the longevity of the virus in crude 
sap, an experiment of aging in vitro was carried out. The 

leaf extracts of PHSV isolates were prepared in Itl ratio of
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tissue to buffer ( neutral 0*1 M phosphate, buffer 
containing 0.1 per cent DIECA), were kept at room 
temperature {27 to 3G°C) in rubber-stoppered tubes*
Different treatments of LIV included the period ranging 
from 0 to 16 hours with an interval of 2 hours between 
treatments* Sap extracts of PRSV isolates stored for different 
periodSi 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

f
comprised of 10 healthy seedlings* Subsequently, the

\

assay host seedlings were washed and maintained in an 
insect-free glass, house* Observations were recorded isolate 
-wise with respect to number of plants infected by different 
LIV treatments*

3*8 SejffPMfll :

The serological relationship of the virus isolates 
under investigation were tested with fifteen viruses viz., 
"cucumber mosaic virus" (OMV), " tobacco ringspot virus"
(TRSV), " potato virus X* (PVX), "bean common mosaic virus* 
(BCMV), "bean yellow mosaic virus" (£BVMV), "blackeye 
cowpea mosaic virus" (BICMV), • cowpea aphid-borne mosaic 
virus" (OAMV) f datura, distortion mosaic, virus" - (DDJWV) t 
"papaya ringspot virus" (PRSV),".peanut mottle virus" 
(PnNW)»"potefeo Virus, V" (PW), * soybean mosaic virus"(SW),
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^watermelon mosaic .virus-?!* (VSMV-l), "watermelon mosaic
. ^ 1 /

yirusr2* (WMV-2) and • wisteria veiri mosaic virus* (WVMV) 
belonging to four taxonomic virus groups of cucumo, nepo, 
potex and potyv using serological techniques like, * drop 
precipitin test on slides'1 II. III. IV. and "SPS (sodium dodecyl 
sulphate)- Immunodiffusion test"* Details pertaining to 
the source and tltre of antisera used in these tests are 
furnished below s

Sr. Virus group/ antiserum , Source and titre
No*

I. Cucumovirus group :
1* Cucumber mosaic virus (QffV), 

isolate CPM

II. Nepovlrus group s 
2. Tobacco ringspot virus(TRSV)

III. Potexvlrus group s 
3* Potato virus X (PVX)

IV. Potyvirus group s
4* Bean common mosaic virus(BCMV), 

isolate TpM-6.
5* Bean yellow mosaic virus (BYMV), isolate FMV-l*
6« Blackeye cowpea mosaic virus (B1CMV)

Czechoslovakiaf 
titre not mentioned.

Denmark, 
titre= H32.

CPRl., Simla, 
titre not mentioned.

Czechoslovakia; 
titre not mentioned.
Czechoslovakia, titre= Is1024.
USA., titre not 
mentioned.
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Sr. Virus group/ antiserum
No.

Source and titre

7. Cowpea aphid-borne mosaic virus (cm), Nigerian isolate
IITA., Ibadan, 
Nigeria, 
titre® 1t1024.

. 8* Datura distortion mosaic virus 
(DDMV)

MAU., Parbhani, 
titre® is1024.

9. Papaya ringspot virus (PRSV) 
Hawaiian isolate

USA., titre not 
mentioned •

10. Peanut mottle virus (PnMV),. 
peanut isolate

IGEISAT., Hyderabad 
titre® It800.

11. Potato virus Y (PVY) Torino, Italy, 
titre® 1:2048.

12« Soybean mosaic virus (SMV), 
Nigerian isolate

IITA, Ibadan, 
l&gerla, titre 
not mentioned.

13. Watermelon mosaic virus-i(WMV-i) Torino, Italy, 
titre® l: 256.

14. Watermelon mosaic virus-2(WMV-2) Torino, Italy, 
titre not mentioned

15- Wisteria vein mosaic virus 
(WVMV)

Torino, Italy, 
titre®!:1024*

3.8.1 Drop precipitin test on slides :

For this, test, drops of virus isolates (antigens) 
in crude leaf extracts were mixed directly with drops of 
specific antiserum on separate* clean microscopic glass 
slides (Bercks gfc. al.« 1972). These slides were then 
incubated under high humidity for few hours at about 20°C 
and examined under a microscope at about 60X. The diluent
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used for antigens and antisera was phosphate buffered 
saline (PBS) (□•! M neutral phosphate buffer + 0*19 M 
Nad) • 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 controls* Observations 
were recorded for precipitation reaction for each 
antigen*antiserum combination*

3*8*2 SPS* immunodiffusion test i

33S (sodium dodecyl sulphate)- immunodiffusion 
test was carried out as per the procedure outlined by 
Teh Si j8L« (1984) and Purclfull si si* (1984), using crude 
sap extracts of PHSV isolates* The test was carried out 
in clean* sterilised, 9 cm flat bottom Petri dishes* The 
agar medium consisting of 0*8 per cent non-nutrient agar* 
i per cent sodium azide and 0*5 per cent £>s was prepared 
in PBS (0*1 M phosphate buffer (pH 7*0) ♦ 0*15 M Nad),

by autocalving at IB pounds pressure per square Inch*
Then 20 ml of 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 us diameter and 6 mm apart 
were cut and the plugs ware 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



a capillary tuba, so as to prevent the leaching of 
.antiserum and antigen to the bottom of the Petri dish*

Antigens (crude sap extracts of iO PRSV isolates
Vi*., AKL, APR, LTR, NAN, OSB, PBN(HG), PBN(FP),

. %

PUN-HC.c• pv, PUN# .op. and THA were prepared by grinding 
separately 1 g each of freshly harvested, virus-infected

> i i *

leaf tissues Of summer squash (cv* Patty Pan) in. 1 ml
of PBS containing 5 per cent ascorbic acid. These samples,

* % »

after being filtered through muslin cloth were further 
diluted in the proportions of 1:2, 1:4, 1:8 and is 16 and 
used immediately *

The antisera used in this test were "papaya 
ringspot virus'* (PRSV) , * watermelon mosaic yirus-l"
(VMV^l) and "watermelon mosaic yirus-2°(WMV-2). Sap from 
healthy leaves of sisnmersquash (cv* Patty Pan,), PBS 
and normal serum were used as control* Antiserum was 
pipetted in the Central well and antigen (in serial
dilutions) and controls were pipetted in peripheral wells*

%

The results of the SB$-imraunodiffusion test were recorded 
by observing the Petri dishes under stereobinocular 
microscope, with its lamp tunned upwards and Illuminating 
the dishes from below and the lines of precipitation If 
any were examined from above*
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3*9 Electron microscopy t

The electron microscopy of the virus under 

Investigation was accomplished by * leaf-dip preparations'* 

and "ultrathin sections* of young papaya leaves 
systemicaily infected by PHSV isolate (PBN-FF)*

3*9*1 Leaf-dip preparations i

■Leaf*dip preparations of PRSV isolate (PBN-FF) 

were made following the procedures of Brandes (199?). For 

leaf-dip preparations* freshly harvested young leaves of 

papaya* preferably 12 days after virus inoculation by an 
aphid vector (A. gossypii) and showing vein-clearing 

symptoms were cut 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
✓ t

slides turned light green, then, carbon-coated formavar 

copper grids (300 mesh) we*re allowed to float on these 

droplets for 9 minutes* Later, the excess leaf extract 
was absorbed carefully with the help of blotter paper and 
the grids were stained with 2*0 per cent phosphotungstic 
acid (PTA), pH 6*5* The grids, were, then, air-dried and

examined in a Philips 20XC 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 and modal 

lengths* The normal, particle length was calculated as the 

mean value of the main maximum* The values for main maximum 
and standard error (s*H.), was calculated following procedures 

outlined by Ghandel (1972)* The most frequently occurring 

value was treated as modal length* The data was presented 

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

3*9*2 Ultrathin sectioning s

The main objective of ultrathin sectioning was 

to study the cytoplasmic cylindrical inclusions (OCX) 

produced by the virus under investigation and also to 

assign it to a particular virus, group based on its inclusion 

morphology. Spurr's epoxy resin blocks embeded with 
infected leaf tissue pieces of papaya were prepared and used 

for;thin sectioning* as per the procedure outlined by 
Hayat <1970) . For block making*. 100 per cent Spjirr’s 

resin medium was prepared from mixing 10 g of 4- 
vinylcyclohexenedioxide (VCD)* 8 g of diglycidyl ether of 

polypropylene glycol (DER-736)* 26 g of npnenyl succinic 
, anhydride. (NSA) and 0.4 g of dimethylaminoethand (DMAE).

. Infected leaf tissues for this purpose were collected from 

young systemically infected leaves* showing vein-clearing

symptoms preferably 12 days after inoculation by an aphid
\

Vector ,(A», • aoasvpii).
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Tissues from infected papaya leaves were out 
into pieces of 1 to 2 mm square* These tissue pieces 
were, then, fixed in 3 per cent glutaraldehyde in 0.1 M 
phosphate buffer, pH 6*8 for 3 hours at 4°C* Following 

fixation, tissues were washed in 3 changes of 10 minutes 
each in 0.1 M phosphate buffer, pH 6*8 on a gyrating shaker 
and were post-fixed in 1 per cent osmium tetraoxide (OSO^) 
in G.i 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 dehydration, 
tissues were subjected to two separate overnight storage 
series of infiltration) the first one in 100 per cent 
acetone + IDO 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 
Spurr's resin* Tissue embeding was done In beam capsules 
and flat plastic moulds, filled with Spurr's resin and care 
was taken to orient the tissues in proper planes* Then

i

capsules and flat plastic moulds containing the tissue in 
Spurr’s resin were polymerised in a hot*-airoven at 66°c 
overnight* After polymerisation, blocks were separated from 
beam capsules and plastic moulds* Blocks were,, then trimmed 
suitably to expose the tissues, with the help of a hand 
trimmer.
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Ultrathin sections were cut at 60 to 90 ran 
using LKB Ultratome HI- 8800 with glass knives* Sections 
were pickedup on carbon-coated copper grids (300 mesh) 
and stained with saturated solution of uranyl acetate for 
15 minutes followed by 2 per cent lead citrate for 5 minutes* 
The grids were air-dried and examined in a Philips 2Q1C 
model, transmission electron microscope at 60 KV.

Similarly blocks prepared from healthy papaya
/

tissue using Spurr’s resin were cut and sections were used 
to compere with the sections of infected tissues as a part 
of control treatments*

V

3*10 Screening of Oaricaceae for resistance, to PHSV s ,

Sixteen cultiyars of Oarlea Papaya viz*. Co-1,

Co-2, Co-3, Co-4, Co-5, Co-6, COorg Honey Dew, Honey Dew, 
Pant Papaya-1, Pus a Delicious, Pusa Dwarf, Ranchi, Solo,
Solo Hawaii, Sunrise solo and Washington; £• caullflora and 
an interspecific hybrid between C* caullflora and C. papaya 

were screened in order to locate a source of resistance to 
PRSV* Test plants of papaya .eultivars, an interspecific 
hybrid and C. caullflora were raised from healthy seeds sown 
in earthen-pots containing steam- sterilised soil, sand 
and compost (2:1:1) mixture and maintained in an insect- 
free glass house* Twenty healthy-5G day old seedlings of 
each test eultivars, an interspecific hybrid and
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£* cauliflora were inoculated with PRSV (PBN-FF isolate) 

by conventional leaf-rub method using 0«l M phosphate buffer 

(pH 7*0) containing 0*1 per cent DIHCA 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 inoccU.ation« all the test plants were washed with 

water and maintained in an insect-free glass house* Healthy 

seedlings of test cultivarsi an interspecific hybrid and 

C. cauliflora inoculated with distilled water and 

carborundum served as controls* All the test plants were 

regularly observed for symptom development. Observations 

were also recorded with respect to incubation period, 

number of plants infected., symptoms and plant height*

For assessing the varietal reaction, the following 

disease rating was adopted*

Immune (I) s Inoculated test cultlvars not developing any 

symptoms of PRSV and virus also not recovered by back 

Indexing on summers quash (cv* Patty Pan) test plants*

Tolerant (T)s Inoculated test cultivars not developing any 

symptoms of PHSV but virus was recovered by bade indexing on 

sunmersquash test plants*

(s): Inoculated test cultivate showing all the 

characteristic symptoms of PHSV and virus also recovered 

readily by back indexing on sunmersquash test plants*
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4. RESULTS

4*1 Disease incidence and field symptoms s

The results, of surveyes made in IP papaya 
plantations in nine localities of Thane, Aurangabad, Seed, 
Latur, Nanded, Osmanabad, Parbhani, Pune and Akola 

representing different regions of Maharashtra State viz., 

Konkan, Marathwada, Vidharbha, and Western Maharashtra, 

for the Incidence of "papaya ring spot virus" (PRSV) are 

given in Table*!* The results Indicated that the 

Incidence of PHSV Was found to range from 53 to 1GO per 

cent during winter months of 1985-86.

The plants of recently Introduced papaya cultivars 
viz., Co-1, Co-2, Co-3, Go-4, and 6o-5 and an Interspecific 

hybrid ( C. cauliflera x C. papaya) showed XOO per cent 

infection by PRSV in the plantation from the Pune locality. 

Cent per cent incidence of PRSV was also found on plants 

of Washington cultivar in plantations from localities of 

Parbhani, Pune and Seed districts, whereas the plants of 

same oultiyar from the plantation in the locality from 
Aurangabad district recorded lower disease incidence 

(62 per cent). Comparatively, low disease incidence was 

recorded on plants of different local cultivars in 
plantations from localities of Parbhani, Nanded and Akola
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PLATE - I

Fig. 1 s Field-grown PRSV infected papaya-piant 
with symptoms of mosaic on leaves.
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districts* The plants of a.local cultivar of papaya grown
* /

in,the,locality of Thane district, Co-1 cultivar grown in 

locality of Latur district and that of Solo cultivar grown 

at Pune recorded 100 per cent infection by PRSV*

Observations Blade for the colonisation of aphids 

on papaya plants in papaya plantations in different 
localities revealed the absence of aphid colonisation* 

However, intercrops a nd crops grown in the vicinity were 

found to be colonised by different species, of aphids*

Crops like okra, bottiegourd, ridgegourd, watermelon, 

brlnjal, chillies and cotton were found to be colonised 
by the melon aphid, Aphis qossvpii* The green peach aphid, 

Myrus perslcae was found to be colonising on cabbage* 

Galotropls gig antes, a common; weed in fields was found to 

be infested by the oleander aphid. Aphis nerii. Leguminous 

crops liko cowpea and groundnut were found to be colonised 

by the black legume aphid, Aphis craccivora and olusterbeans 

by Acvrthoalphon pisum. the pea aphid* Graminaceous hosts 

like pearl-millet and sorghum were found to be colonised by 

Melanaphis safififaaEi* the sugarcane aphid and Rhopalosjphum 

maidls. the corn-leaf aphid*

The field infected papaya plants by PR$V showed 

characteristic symptoms on foliage, petiole,, stem and 
fruits* The foliage symptoms included mosaic (Plate-I,
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Fig. 2

Fig. 3

Field grown PRSV-infected papaya plant 
displaying severe distortion and 
shoestringing symptoms on papaya leaves*

Field grown PHSV-infacted papaya plant 
showing green to dark green spots and 
streaks on stem and petioles*



Pig. 3



Pig. 4 t

Fig. 5 l

PLATE - IJI

PHSV- infected papaya fruit showing 
water-soaked, dark green, circular 
spots and rings on the rind.

PRSV* infected papaya fruit exhibiting 
large rings and line patterns on the 
rind.
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Fig.l), severe, distortion and shoestringing (Plate-II,4
^ ‘ ‘

Fig.2). Stem and petiole symptoms included light green to 

dark green, water-soaked spots and streaks (Plate-II, Fig.3). 

Fruits from infected papaya trees exhibited water-soaked, 

dark green, circular spots (Plate-Ill, Fig.4) and rings 

which often coalesced to form large rings and line patterns 

(Piate*-III| Fig.5).

4*2 Isolates »

Ten isolates of„PRSV, one each from Koqfcan and 

Vldharbha, two from ..Western Maharashtra and sixfrom . 

Marathwada regions were collected, named and abbreviated 

after the localities from which these were collected*

These included AKL-, AUR, LTR, NAN, OSB, PBN(FF), PBN(HS)# 

PUN.HC.cp*, PUN-C.p*, and THA. These isolates were 

transmitted initially oh diagnostic hosts like Washington
t .

papaya and summersquash cv* Patty Pan by mechanical sap 

inoculation. Subsequently, these isolates were maintained 

oh Washington papaya and summersquash plants either by 

mechanical sap inoculation or aphid inoculatioh and were 

used for further studies* The reactions of diagnostic 

hosts to each of the iO isolates are shown in Table -2.

No apparent differences in reactions of diagnostic hosts 

to 10 virus isolates were noticed* . On papaya ov* Washington, 

these Isolates reacted only system!Cally^producing symptoms 

of chlorosis, vein-clearing, mottling, mosaic, blistering,
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severe leaf distortion and shoestringing, while on 
summersquash cv* Patty Pan, the systemic foliage symptoms 
caused included vein-clearing, patchy veins! chlorosis, 
mosaic and leaf distortion (Table -2).

4*3 Transmission :

4.3.1 Mechanical transmission ;

The results on mechanical transmission of 10 PRSV 
isolates from papaya to papaya (ey. Washington) are 
presented in Table-3 * It is evident from the data given 
in the table that all the ten PRSV isolates vi?., AKL, AIR, 
tTR, mn9 OSB, PBN(FF) , PBN(HG) , PON-HG.cp., PUK-O.p. and 
THA were readily transmitted from papaya to papaya by 
mechanical means using conventional leaf-rub method with 
(0.1 M phosphate (pH 7.0) containing 0.1 per cent diega) 
and extraction buffer. All the IQ PRSV isolates reacted 
systemically without any apparent differences in the 
symptom expression and also in the sequence of symptom 
appearance and incubation period. The level of mechanical 
transmission recorded for different isolates was as high 
as 100 per cent. In all the seedlings of papaya, which were 
inoculaied with different isolates, the initial symptoms 
of chlorosis and vein-clearing appeared on young leaves 14 
days after virus Inoculation (Plate-IV, Figs. 6 and 7A).
The subsequent symptoms observed were mottling, mosaic 
(Plate-IV, Flg.7B)# blistering (Plate-V, Fig.8) different
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PLATE «. IV

Fig. 6 :

Fig. 7 s

PHSV- infected papaya plant in glass 
house-shewing initial symptoms of - 
chlorosis-and vein-clearing on-newly- 
developing leaves upon-mechanical sap 
and aphid inoculations*

PRSM--infected papaya- leaves- displaying 
vein-clearing (A) mottling and mosaic (B) 
symptoms*





Fig. 8 j

PLATE * V

PRSV--infected-papaya-plant exhibiting 
symptoms of blistering on leaves

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





PLATE , VI

Figs. 10 : PRSV-infected papaya plants displaying
slight distortion of leaves,

Fig. 11 s PRSV- infected papaya plants displaying 
moderate distortion of leaves.





PjLATE - VII

Fig* 12 s PRSV- inf ected- papaya pl ant -displaying 
severe distortion symptoms, on leaves*

«
Fig. 13 j PRSV- infected papaya - pi ants - showing - 

extremely-severe distortion of
V leaves (shoestringing).





' PLATE VIII

Figs* 14 : PRS\/~infected papaya leaves
showing mosaic-and -varying 
degree of distortion and 
shoestringing*





Fig.

I

PLATE. IX

15 : PRSV-- infected papaya plants 
showing-twisted petioles and 
assuming-a * spring-like" 
appearance,.





PLATE-^-X ,

Fig# 16 i An healthy petiole of papaya plant (A); 
petiole from=PRSV- infected papaya 
plant showing brownish streaks (B).

Fig. 17 J An healthy stem of papaya- plant (A)j 
stem - from--PRSV--ihfected - papaya - 
plan^ exhibiting dark green water- 
soaked spots and streaks (B).





PLATE -XI

Fig* 18 * ' PRSV- infected papaya plants 
displaying .severe stunting 
(in foreground)* In the 
background-unionculated healthy 
tali'' papayaplant.

/





degrees of leaf distortion (Plates V to VII, Figs* 9 to 12) 
and shoestrlnglng ( Plates-VII and VIII, Figs. 13 and 14). 

These symptoms were evident In a sequence of a time gap of 

1 to 2 weeks.* .Insome papaya cultivarsllke Go-l, Co-2, 

Jpusa Deli clous Pusa Dwarf and _ Solo, _ petioles. of 
Inf ected pi ant s showed charact eristic twisting and assumed . 

,,spring•like,,. appearance. (Plate-IX#. Fig. 15) • All the 

infected plants showed premature leaf shedding leading to 

denuding of stem bearing, a. few or cluster, of small 
thread-like leaves; at.the top. Ore en. tod ark, gree n . or 

brown spots, or streaks with a water-soaked appearance were 
evident on petioles (Piate-X, Fig.i6B)and stems (Plate-X, 

Fig.lTB) of infected plants 20 to 26 days after virus 

inoculation* All the infected plants exhibited retarded 
growth and were markedly stunted (Plate-XI, Fig.18).

During summer months* masking of disease symptoms 

was observed and plants, which showed severe symptoms during 

winter months,, produced apparently normal leaves during 

summer* These plants, however, again showed severe disease 

symptoms with the onset of monsoon and fall' in temperatures 

In all the diseased plants, symptoms disappeared during the 

month of April and remained symptomless till the first 

fortnight of July. In all the sy®Ptomless plants, the 
revival of symptoms was evident from the second" fortnight 
of July and toy the first fortnight,of August, all such 

plants exhibited severe leaf distortion and shoestrlnglng



m
loll age symptoms and water-soaked spots' or streaks on 

petioles and stems*

4*3.2 Aphid transmission of ten PRS? isolates :

The results of aphid transmission tests carried 
out for ten PRSV isolates are presented in Table-4a and 

graphically in Fig.(19) * The data presented in table and 

graph indicated that all the 10 FES? isolates were readily 

transmitted from papaya to papaya (cv* Washington) in a 
non-persistent manner by 8 aphid species*: All the 8. 

aphid species yjg*> Aovrthosiphon cdsum. Aphis craccivora.

A* oossypiit A. neriiU Mel an aphis sacchari, Myzus persicae.

Hhopaloglphum maidis and Uroleucon compositae* were found to 

be the vector of 1© PRS? isolates l*e, AKt, ADR, 1TR, NAN, 

OSB, PBN(FF), PBN (HG), PibU&'.c-p*, PUN^G.p and THA* 

However, the vector efficiency was found to vary with the 
species* The ^reen peach aphid, Myzus persloae was found to

be the most efficient vector, transmitting all the isolates 

of PHSV to the extent of iOG per cent* The other vectors
» , , \ , • i

of FES? isolates in order of merit with rehpect to
efficiency included the cotton aphid., Aphis aossvpji 

(eve*90*15 per cent), the oleander aphid.. A* nerii (ave.
‘ V - H i , * • *

84*50 per cent) and the safflower aphid, U* compositae
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(aye* 78 per cent). The other four aphid species viz*, 

the pea aphid, A. pisum (ave. 58.5 per cent), the black 

legume aphid, A. cracclvora (ave* 54 per cent), the maize 

aphid, R. maidis (ave. 47 per cent) and the sugarcane 

aphid, M. aacchari (ave* 46 per cent) were comparatively 

less efficient vectors*

Moreover, slight variation was found with 

respect to incubation periods* For instance, in case of 

transmission, inyolying 7 aphid species viz*, A* pi sum,

cracclvora, A* gossypll, A. nerii, M.saccharl and 
U* compositae, all the ip PRSV isolates caused initial 

foliar symptoms of Chlorosis and veint*clearing on the 

test papaya seedlings within 12 days after virus 

. inoculation, whereas, in case of R* maldia* all the isolates 

produced initial foliar symptoms of chlorosis and vein­

clearing on test papaya,seedlings within 11 days after virus 
inoculation (Table-4a). The symptoms produced on test 

. plants upon aphid inoculation,. Were identical with those 
that were produced on test plants upon mechanical sap 

inoculation (Table-4b). However, incubation period for 

initial symptom development was comparatively shorter in 

Case of aphid inoculation of test plants (11-12 days) 
(Table-4a) than by mechanical sap Inobulation of test plants 

(14 days) (Table-3)*
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4*3*3 Transmission of, PRSV using different Parts of
infected papaya Plant as a source of Inoculum s

The resuits of transmission of PRSV-PBN(FF) 
isolate, from different infected tissues, employing 
mechanical sap and aphid inoculations are shown in Table-5* 
The data given in the table revealed that the virus could 
be easily transmitted from different virus source tissues 
viz*, leaf, petiole, stem and fruit, to healthy papaya 
seedlings by both mechanical sap inoculation and by two 
aphid vector species viz.. Aphis gossypll and Myzus 
persicae* Of the four virus source tissues tested,
infected leaf was found to be the best source of virus 
inoculum for PRSV transmission by mechanical sap and 
aphid (A. gossypll and M. persicae) inoculations, followed 
by fruit, stem and petiole. However, differences were 
found to exist among the virus source tissues «ith respect 
to percentage transmission under both the methods of 
inoculation. For instance, in case of leaf as a source 
of virus Inoculum, the level of transmission was found to 
be as high as 100 per cent when inoculations were made 
through infected sap and viruieferous aphid species Of 
M. persicae. while it was only 80 per cent with an aphid 
vector species of A. gossypll. In case of petiole as a 
source virus 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 specie? of 
KU persicae. while it was, comparatively low for an aphid 
vector species,of A. qossvpli (50 per cent). When stem was 
used, as virus source inoculum, a low transmission value 
was recorded in case of mechanical sap inoculation (45 per 
cent) as compared to inoculations by aphid vector species 
like M. persicae (80 per cent) and A. qossvpil (60 per cent). 
There were no significant differences among PHSV 
transmission values between sap (75 per cent) and two aphid 
vector species viz*., A. qossvpii (7© per cent ) and 
M. persicae (80 per cent), when fruit was used as a source 
for Virus inoculum* The incubation period of the virus was 
also found to Vary with the methods of inoculation used for 
the transmission of virus from different source tissue?*
Thus* upon mechanical sap inoculation, virus from different
source of tissues, the incubation period was found to be

\

slightly longer (14 days) as compared to a shorter 
incubation period (12 days) resulting, from the inoculation 
by aphid (A* qossvpii and M. persicae) vector species* All 
the test plants, upon mechanical sap and aphid inoculations 
produced characteristic symptoms of PB&? viz*, leaf 
distortion and shoestringing,(table-5).

{
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4.3.4 Virus-vector relationship :

4.3.4.1 Efficiency of different morphological forms of the 

aphids in PRSV transmission s

(> The results on the efficiency of . morphological forms
of A, qosgypii and M. persicae in PRSV (isolate PBN-FF) 

transmission are shown in Table-6a and 'represented 

graphically (Fig.20). It is revealed from the table and 

graph that various morphological forms viz., nymphs, alate 
adults and apter ate adult s of A. gossypii and M. persicae, 
were capable of transmitting PRSV. However, there 

existed significant differences in the level of transmission 

between different morphological forms* For instance, 

apterate adults of gossypii (90 per cent) and M. persicae 

(100 per cent), were most efficient in transmitting PRSV than 

alat© adults and nymphs (Table-6a) (Fig.20).

4.3.4.2 Influence Of the number of aphids in PRSV
- .■ ' » ■ 1

transmission t

The results on the influence of number of aphids
* i • K . * *■ * *

on PRSV (isolate PBN-FF) transmission are shown in Table-®? 

are! also presented graphically (jFig.,21) • It is revealed 
-from the table and graph that a, single aphid of A. gossypii 

and M. persicae was able to transmit PRSV to the extent of 

20 per cent. The percentage transmission was, however, 
found to Increase with,an increase in the number of
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Table 6a* Transmission of PRSV(isolate PBN-FF) using 
morphological forms of two aphid vectors*
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plant %pfo6 &£& per^lcae
species

1* Alate adult 30 20 40 .45
2* Apterate adult 30 20 90 IDO
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- - -. — _

Table 6bs Effect of different number of aphids on transmission 
of PRSV (isolate PBN-FF).
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viruleferous aphidg. Thenumber of aphids required to 
achieve XOO per cent transmission varied with.the species, 
of aphids* For instance, in case of U# persicae only 20 . 
aphids per plant were required to obtain . a 100 per cent 
transmission level, whereas in case of A* qossypii. 30 

aphids were required to obtain 100 per cent transmission* 
No apparent decline in PRSV transmission, however, was 
found, in case, the number of aphids exceeded 30 per test 
plant, in both these aphid (A* oossvpii and M. persicae) 
vector species*

4*3.4.3 Effect of ore-acquisition fasting periods given
to aphid vector species on PRSV transmission s

The results on the effect of pre-acquisition 
fasting periods given to A* gtssYPil and M. persicae on, 
PRSV (isolate PBN-FF) transmission are presented in 
Table-6c and graphically in (Fig.22)» It is revealed ism 
the table and graph that pre-acqi isition fasting period 
was shown to increase the efficiency of transmission over 
control i*e* the aphid vectors without any pra-acquisitlon 
fasting periods* Maximum transmission of 90 per cent and 
100 per cent was obtained in case of A. qossypii and 

M. persicae respectively, when the aphids were subjected to 
1 hour pre-acquisltion starvation* It was further found 
to decline progressively after l hour pre-acquisition 
fasting period till it came equal to no-fasting treatment, 
at 6 hours*
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m
4.3.4*4 Effect of different acquisition feeding periods

given to aphid vectors species on PHSV transmission t

The results bn the effect of different acquisition 
feeding periods given to A. qossvpii and M. persicae for 
testing their efficiency in PRSV (isolate- PBN-FF)

\

transmission are presented in Table-dd and graphically in 
(Fig*23). It is revealed from the table and graph that the
aphid vector species acquired the virus from infected source 
within 1 minute* The rate of transmission recorded for 1 
minute acquisition, feeding was as low as 20 and 30 per cent 
respectively for A* aossyoli and {A. persicae. However, the 
transmission efficiency of vectors was found to increase 
with an increase in accpisition feeding* It was highest at 
att acquisition feeding of $ minutes for both A. qossvpii
(85 per cent) and M. persicae (100 per cent). Further,

' »r -

increase in acquisition feeding time was observed to be 
responsible for decrease in virus transmission by both the 
aphid species*

4.3.4.5 Effect of different inoculation feeding periods
given to aphid vector species on PRSV transmission :

The results of the different inoculation feeding 
periods given to aphid vectors for testing their efficiency 
in PRSV (isolate PBN-FF) transmission are presented in 
Table-6e and graphically in (Fig.24). It is revealed from
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the table and a graph that 1 minute feeding on test plant
. . . i '

was sufficient to initiate infection by both the species 
of aphids, A* QOssvpil (25 per cent) and M* perslcaa

i i . * , • .
* 1 ’» i ( | • i • < ,

(30 per cent) * However, the percentage inf activity increased

with prolonged inoculation feeding periods on test plant*
An inoculation feeding of 15 minutes virtually resulted in a 
higher rate of virus transmission in both the aphid vector 
species i-e- A. gossvpii (85 per cent) and M. Persicae (95 
per cent) and found to be optimum inoculation feeding period 
for aphid vector species in PHSV transmission. There was( 
however, no increase in the percentage transmission by 
further increase in the inoculation feeding periods*

4*3.4*6 Persistence of PRin the aphid vector species s

The results on persistence of PRSV.(isolate 
PBN-FF) in the aphid vector species are presented in 
Table~6f• The data given in the table indicated that in both 
inoculation feeding periods* the viriileferous aphids of 
A. qossvpii and AJ* perslcae caused infection upto second test 

plant series* However, the shorter inoculation feeding of 
1 minute, had no infection on the first test plant series, 
whereas feeding for 2 minutes had positive transmission 
on first and second tost plant series in case of M. perslcae. 
M. perslcae was able to infect 3 out of 5 hCalthy plants of 
second series, but A* aosavpil did hot infect afiy plant 
after it had fed on the first series of test plants* The
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aphids of A. gossypii and ty. persicae, were, therefore, 

unable to retain the virus beyond initial feeding of few 

minutes* This indicates that the PRSIV being transmitted 

by aphid vectors in the non-persistent manner*

4*3*5 Seed transmission i

The results of PHSV transmission through the seeds 

of papaya* using * growing-on* and "indicator* inoculation 

tests are displayed in Table*?* It is revealed from the 

table that PHSV was not found to be seed-borne in papaya* 

even after 2,200 seeds extracted from virus-infected fruits 

were tested in five lots* Furthermore, none of the seedlings 
grown from 4,400 seeds originated from Infected and healthy 

fruits, showed the symptoms of the virus and the virus was 

also not recovered in pooled samples- Moreover, infections 

of fruits by PHSV did not reduce seed germination significantly 

(Table*?)'.

4*3*6. Graft transmission *

The results on graft transmission test <Table-8) 

indicated that PRSV (isolate PBtWFF) could be successfully 

transmitted from infected to healthy papaya plants by 

"approach-grafting". The extent of transmission was as high 

as IDO per cent and initial foliar symptoms of the disease 

like chlorosis and vein-clearing were evident on the scions
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(healthy plants) within 25 to 60 days after grafting. 

(Table-8). The symptoms produced by grafting on test plants 

were similar to those produced on. test, plants by mechanical 
sap inoculation and aphid inoculation tests*

4*3.7 Dodder transmission j

The results on dodder transmission of PRSV 
(isolate PBN-FF) are presented in Tabled. From the data 

depicted in Tabled it is obvious that PRSV could be 

transmitted from infected to healthy papaya plants by 

dodder (Cfuscuta 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 contacts* Symptoms 
produced on test plants by dodder transmission were similar 

to those produced on test plants by mechanical sap, aphid 

and graft inoculations*

4.4 Host range t

The results of host range studies of 10 PRSV 

isolates using mechanical sap and aphid inoculations are 

presented in Tabie-10. Of the 41 test plant species, 

belonging to nine different families, PRSV isolates infected 
14.plant species belonging to 3 families of Carlcaceae, 
Chenopodiaceae and Cucurbitaceae. Therefore, the host range 

of the virus was intermediate* Two plant, species from 
Chenopodiaceae were only the local lesion hosts of the PRSV



Table 8* Graft transmission of papaya ringspot virus(PHSV)

No. of
plants
grafted

No.of % trans­
plants mission 

infected
Xnoubat- Symptoms on
ion period graft inoculat-
(in days) ed plants*

20 20 JD0.00 23 to 60 Chlorosis, vein- 
clearing mosaic,' 
.blistering.,. dis­
tortion. .and shp.es- 
tinging.djri leaves, 
and waterrsp_aked 
green.to d arkgreen" 
streaks on petioles 
and stems.

Table 9« Dodder ( Cuscuta soecies) transmission of oaoava 
ringspot virus (PRStf)

No. of 
dodder 
unions 
establi­
shed.

No* of 
plants 
infe­
cted.

% trans­
mission

Incubat­
ion period 
(in days)

Symptoms on dodder 
inoculated plants*

20 16 80.00 25 to 35 Chlorosis, vein- 
clearing, mosaic, 
blistering, distor­
tion and shoestring- 
ing on leaves and 
water-soaked, green 
to darkgreen streaks 
on petioles and 
stems*



isolates. Twelve plant species in garicaoeae and 
Gucurbitacaae were invaded.aystemically by 10 PHSV isolates* 
Moreover, the results in Table*.ID also indicated that 
apparently no differences were found among 10 PRSV-isolates 
with respect to host range and reactions of 14 susceptible 
hosts* The details of the reactions of susceptible hosts 
are described as under $

I* Carleaceae t

1) .Carlca caullflora

G. caullflora reacted only systemlcally to ail the 
isolates of PRSV, without producing any visible symptoms* 
by both mechanical sap and aphid inoculation of virus 
isolates (Table*10)* However, virus was recoverable from 
non«-inoculated leaves by back indexing on indicator hosts* 
All the 10 PRSV isolates caused symptomless infection in 
C* caullflora (Table*10).

2) Carlca papaya* cv. Washington

Washington cultivar of papaya reacted systemlcally 
to all the ten PRSV isolates* the incubation period of ten 
isolates slightly varied with the method of inoculation. 
Thus* in case of mechanical sap inoculation* ail the 
isolates exhibited initial symptoms of chlorosis and 
veirv*clearing within 14 days after virus inoculation* 
whereas all the isolates exhibited initial symptoms of
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chlorosis and vein-clearing within 12 days after virus 
inoculation by aphid vector* The percentage infactivity of 
ten PRSV isolates also differed depending on the type of 
virus Inoculation methods employed* For instance, aphid 
inoculation of virus resulted into 80 to IDO per cent 
infectivity (ave* 90*5 per cent), whereas it was as high as 
IDO per cent in case 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 
sap as well as by aphid vector species* The systemic 
foliar symptoms recorded for 10 PRSV isolates Included 
chlorosis and vein-clearing, mottling, mosaic, blistering, 
distortion and shoestringlng * Symptoms like green to 
darkgreen, water-soaked spots and streaks, on petioles and 
stems were also evident on the Infected plants* All the 
infected plants were markedly stunted (Plates-IV to XI,
Figs* 6 to!8).

IX. Chenopodiaceae s
3* Ghenopodlum amaranticolor s

£. amarantieelor was infected by all the ID PRSV 
isolates inciting chlorotic local lesions surrounded by 
reddish borders on the inoculated leaves within 16 days after 
virus isolate inoculations (Plate-XII, Fig.25).
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Fig. 25 s Symptoms-of chlorotic local lesions
on- Inoculated leaves -of - - • - -..........
Ghenopodlum amar anti color caused by
MHMSMMfriMM WNMHMpMMMMHeap

PESV.

Fig. 26 I Symptoms of chlorotic local lesions 
on inoeul ated -leaves of - — - - 
Chenopodlum quinoa elicited by

PRSV.
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4. Chenopodium auinaa ......
£

C. quinoa was also infected by all the 10 PRSV

isolates producing local symptoms..in the -iorm of chlorotic

lesions (Plate-XH, Fig.26) within 11 days after vims

isolate inoculations*
■ *

***** - • 1 -

It was observed that the local lesions produced

on €• aaaranticolor and C. quinoa were fewer and highly 

inconsistent iand erratic, when papaya was used as a virus 
source for ten PRSV isolates* However* average number of 
lesions/leaf of C. amaranticolor arid C. quinoa were found

' • ' , i i

to increase with slight consistency* when summersquash cv. 

Patty Pan was used as virus source for ten PRSV isolates 
(Table-li). the average number of lesions/leaf of

& sMasanticolor and C. quinoa were found to range frost l
• * *

to 2 and .from 1*5 to 2*6 respectively when papaya leaves 

were used as source ol virus inoculum* When summersquash 

leaves were used as virus Inoculum source* the corresponding 

values of leslons/lesf showed, an Increase and ranged 
from 2 to 4 in case of C. amaranticolor and 4*3 to 8.0 in

I ' ■» ' 4

case of £• quinoa {Table**!!).*- .. . ...

HI* Cucurbitaceae ?

$ * AshqOurd (Benineasa hispid a cv* Co-l)r
* % •’ r. r » .**V 'I* * < "i-

All the Jp PHSV isolates induced only systemic
symptoms on ashgourd with an infectiyity level ranging



PLATE • XIIX

Symptoms of patchy veinal chlorosis 
.and mosaic ^on non~inoculated leaves 
of Benincase hispid a incited by PR SV

Syraptomsofveln-clearing ^ mosaic 
and • distortion-on- non-- inocul ated - - 
leaves of Citrullus lanatus elicited 
by PRSV.





from 30 to 60 per cent (eve* 44 per cent) end 40 to 80 
per cent (eve* 52.per cent) for mechanical sapand aphid 

inoculations respectively. Apparently no difference in 
symptomatology was observed on test plants of this host 

when inoculated with ten PHSV isolates by mechanical sap 

inoculation and viruleferous aphids*: the systemic foliar 
symptoms induced on this host by ten PHSV isolatesinlcuded 

vein-clearing, patchyvelnal chlorosis and mosaic 
(Plate^XIII, Fig.27) • However, incubation periods of PHSV 

isolates varied with method of inoculation. In case of 

mechanical sap inoculation, theincubation period of ten 

isolates on this host was slightly extended (18 days) as 

compared to inoculation by viruleferous aphids (id days) 

(Table—JUD).

6* Watermelon (QLtrulius lanatua cv. Sugar Baby) t

ajgar Baby cultivar of watermelon reacted 
. systemic ally to all the PHSV isolates when inoculated through 

conventional leaf-rub method and viruleferous aphids*
r • *

Symptoms produced on this host in*response to mechanical sap 
and aphid; inoculations by different isolates were similar. 
These Included vein-clearing, mosaic and leaf distortion 

(Plate-XIII, Fig.28) • But incubation period and percentage 

infectivity of PHSV isolates varied with the methods of 
inoculation.. In case of mechanical sap inoculation, time 
taken for the production.of initial symptoms of vein-clearing
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wad slightly longer (24 days) as compared to aphid., 
inoculation (22 days) • ■. Similarly, aphid inoculation of 
different isolates has .resulted. in lower rate, of infectivity 
(ave. 61 per cent) as compared to sap inoculation of 
isolates, (ave* 70 per cent) (Table-ID).

7* Raundgeurd (Gltrullus lanatus var* fistulosus
cv. Arka Tinda) t

Round gourd cultivar, Arka Tinda when inoculated 
with ID PRSV isolates using mechanical sap and aphid 
inoculations* reacted only with systemic symptoms, of 

vein-clearing, mosaic and distortion (Plate-XIV, Fig.29) • 
However*, there existed some variation in the incubation 
period and percentage infectivity of PRSV isolates* by two 

methods of Inoculations* For instance* in case of 
mechanical inoculation* the incubation period of PRSV 
Isolates was 11 days* whereas it wasonly 10 days in case 
of aphid inoculation of PRSV isolates* Similarly* the 
percentage infectivity of roundgourd varied with the method 
of inoculation* It was higher in case of aphid 
inoculation of PHSV isolates (ave. 41 per cent) as 
compared to mechanical sap inoculation (ave. 34 per cent) 
(Table-10)*



PLATE ~ XIV

Fig* 29 : Symptoms of vein-clearing* mosaic 
and distortion on-non-inoculated - 
leaves of C. lanatus var. flstulosus 
caused by PHSV*

Fig* 30 s Symptoms-of-vein-clearing,- mosaic 
and distortion-on non-inocuiated 
leaves of Cucumis melo elicited 
by P3RSV.
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8* Muskmelon (Gucumls melo ov* Ark a Jeet) :

Test plants of muskmelon (cv. Arka Jeet) reacted 

systemic ally to all the 10 PRSV isolates upon mechanical sap 

and aphid inoculations* In both the methods of inoculations, 

the systemic foliar symptoms induced by PRSV isolates were 
similar* These included vein-clearing, mosaic and 

distortion (Plate -XIV, Fig.30)• Test plants of C. melo 

displayed higher level of infectivity to ten PRSV isolates 

(ave* 63 per cent) upon aphid inoculation as compared to 

ten PRSV isolate inoculation by mechanical means (ave* 56
% opper cent). in case^mechanlcal sap inoculation, the 

incubation period of ten PRSV isolates on C. melo was found

to be 13 days, while in case of aphid inoculation it was 

only 12 days ( Tdble-10)*

9* Cucumber (Cucurois satlvus ovs* Banglore Dwarf,
Bangalore Special White and Local t

t %
All the three cultivars of cucumber viz.. Bangalore 

Dwarf, Banglore Special White and Local reacted systemically 

upon sap and aphid inoculation of PRSV isolates* No apparent
V

differences were evident in the symptomatology. In Banglore 

Dwarf and Banglore Special White cultivars all the 10 PRSV 
Isolates caused vein-clearing, mottling and mosaic, while in 

local cuitivar, the symptoms of vein-clearing and mosaic 
(Plate*XV, Fig.31) were induced. But the incubation period



. PLATE ± XV

Fig. 31 t Symptoms s£ vein-clearing and - 
mosaic on non-inoeulated leaves 
of^Cycumis setivus cv. local

incited by PRSV. .

Fig. 32 i Symptoms- of vein-«clearingl and - 
mosaion non-inoculated-leaves 
of Cucurbita maxima elicited by

PRSV.-
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and level of inf activity of ten PRSV isolates varied with 

the method of Inoculation* Thus, in case of mechanical 
inoculation, the initial symptoms of vein-cl earing appeared 

within 13, 16 and 15 days after virus inoculation on Banglore 

Dwarf, Banglore Special White and Local cultivars respectively, 

while in case of aphid inoculation, the initial symptoms of 

vein-clearing appeared 12 days after virus inoculation on 

Banglore Dwarf and Local and 13 days after virus inoculation 

on Banglor© Special White* High rate of infectivity of PRSV 

isolate# was observed on Banglore Dwarf (ave. 80 per cent) 
followed by Banglore Special White (aye. 75 per cent) and 

Local (ave. 66 per cent) by mechanical sap inoculation, while 
the corresponding values of infectivity were comparatively 

low on Banglore Dwarf (ave. 62 per cent), Banglore Special 

White (ave. 70 per cent) and Local ( ave* 50 per cent) by 

aphid inoculation (Table-10).

10. Winter squash (Cucurbit a maxima cv* Arka Suryamukhi) :

This host reacted systemlcally to all the 10 PRSV 

isolates, with an infectivity level ranging from 40 to 80 

per cent (ave. 53 per cent) and 40 to 70 per cent Cave. 55 

per cent) respectively in case Of mechanical sap and aphid 

inoculations. The initial symptoms of vein-clearing induced 
by PRSV isolates on C. maxima appeared 20 and 16 days after 
virus inoculation by sap and aphid respectively. All the 
PRSV isolates Induced systemic infection without any apparent



variation , in symptomatology, under bpth the methods of . . 

inoculation. (Table-ip)• The sequence of systemic symptoms 

induced by PRSV isolates, on Arka Suryamukhi cultivar of 
wintersquash included vein-clearing followed by mosaic

«

(Plate-XV, Flg.32).

11* Pumpkin (Cucurbita pepo cv« Ark a ChandanjJ

Pumpkin cultivar, Arka Ghandan was found to react 

systemically to all the ten PRSV isolates with an infectivity 

level ranging from 60 to 90 per cent (ave* 67 per cent) in 

case of sap inoculation, and 60 to 80 per. cent (ave* 72 per
i

cent) in case of aphid inoculation* The initial symptoms of 
vein-clearing caused by ten PR.SV isolates on C* pepo were 

evident within 16 and 11 days after virus inoculations by 
mechanical sap and aphid inoculation methods respectively.

All the PRSV isolates induced only systemic foliar symptoms 
of vein-clearihg, patchy veinal chlorosis and mosaic on 
newly developed true leaves (Tabie-10) (Plato-XVl, Fig.33).

12* Summersquash (Cucurbits pepo var. melopepo cv* Patty Pan)

Sunsaersquash cultivar, Patty Pan reacted systemically 

to all the 10 PR?|sV isolates by both the methods of inoculation* 
The systemic foliar symptoms included vein-clearing, patchy 

veinal chlorosis, mosaic and distortion (Plate- XVI, Fig.34).
The level of infectivity by ten PRSV isolates on summersquash 

varied from 80 to IDO per cent (ave. 89 per cent) in case of



PLATE - XVI

Fig. .33 s Symptoms,of vein-clearing, “patchy 
veihal chlorosis and. mosaic on 
non- inoculated leaves of 
SVfiMPMlA BS2SL incited by PRSV

Fig. 34 s Symptoms of vein*clearing, patchy 
veinal chlorosis on non-inoculated 
leaves of Cucurbita pepo var. melopepo
elicited by PRSV.
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sap inoculation* while in case of aphid Inoculation its was 
found to range from 70 to 100 per cent1 (ave. 85 per cent).
The incubation period of PHSV isolates varied with method 
of inoculation* It was. 12 days in case of aphid inoculation 
and 13 days in case of mechanical sap inoculation(Table-10).

13. Ridgegourd (luffa aoutangulacy. J. Long } :

The test plants of ridgegourd (cv* J. Long) 
reacted systemically to all ten PRSV isolates with an 
infectivity level ranging from 30 to 70 per cent (ave. 49 
per cent) in ease of sap inoculation and 40 to 70 per cent 
(ave* 5fS per cent) in case of aphid inoculation* the 
incubation period of PRSV isolates on L. acutanoula 
following mechanical sap Inoculation was 20 days* and it 
Was only 18 days following aphid inoculation (Table-10),
The systemic foliar symptoms induced by 10 PRSV isolates 
on ridgegourd were similar and included chlorotic spotting 
and mosaic ( Piate-XVI$, Pig.. 35). v

14. Snakegourd (Trlchosanthes anguine cv* rZ'Green Long):

Snakegourd cultlvar, Green Long was Infected by all 
the 10 PRSV isolates to the extent of 4© to 80 per cent 
(ave. 59 per cent) by both sap and aphid inoculation 
(Table-10). Mi the PRSV isolates induced -systemic foliar 
symptoms of vein-clearing and mosaic (Plate-XVII, Fig.36) v.
on newly developed leaves of this host within 15 days of



PLATE - XVII

Fig# 35 t, Symptoms of chlorotic-spotting 
arid-mosaic on non-inoculated 
leaves, of Luffa acutangola
elicited by PRSV.

Fig. 36 | , Symptoms of mosaic-on non- 
inoquiated -leaves- of 
Trlchosanthes anqulna 
caused by PRSV.
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virus inoculation by mechanical sap and 12 days In case of. 
aphid inoculations (Table-10).

The following 27 plant species vi3«, Abelmoschua 

esffMl^ptya. Argfifel.fi^ by,mask, §&& xrtaitfjg. Smtem. fimsm,.
Cassia Occident alls. Celosia aroentea. G. plumosa.

Chenopodlum album, C* morale, Cicer arietinum. Datura
, /

stramonium. Glycine max. Somphrena qlobosa. laqenaria 

siceraria. luffa cylindrica. Lycopersicon esculentum, 

Momordica charantia. Nicotiana olutinosa. N. rustica. N. 

t.j9hac»mi Qciniutn basilieum, Solanum melongena, Vicia faba, 
Viqna mungo, V. radiata, V. unguiculata, and Zinnia elegans 
were not infected by 10 PRSV isolates and even the virus was 
not recovered by back indexing on test plants* These plants 
species were, therefore, common non-hosts of ten PHSV 
isolates (Table-10).

■ 4.5 Indexing of.field infected cucurbitaceous Plant 
species for the presence of PRSV s

The results of indexing of field infected 
cueurbitaceous plant species for the presence of PRSV are 
shown in Table-12. It Is revealed from the table that 
watermelon was the only cueurbitaceous host, that was
naturally infected by PHSV. The PRSV could not be detected

- *

or recovered from other cueurbitaceous plant species although



Ve,
Mo,
Bl.
I»d| Ss*

Vc,
Pvch,
Mo,
Ld*

Bittergourd Mo '
Bottlegourd Mo
Rldgegourd Mo
Snak ©gourd Mo 1

Spongegourd MO •.

Watermelon Vc,Mo,Ld

Table 12s Indexing of field Infected cucurbitaceous
giant species for detecting the presence of

Field .
symptoms Papaya cv* Summersquasn cv*

SaslakateCL ?en.K___Heco- Symp- Reco- Symp- 
very toms very toms*

Sr* Host 
No

*/ = (•) « negative recovery! (+) = positive recovery
Bl = blistering; Id = leaf distortion; Mo * mosaic,

Pvch s patchy veinal chlorosis; Ss - shoestrining; 
Vc « vein-clearing*

i 
i 

t

i 
i 

ii 
i 

i,
i

i 
i 

i
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displayed virus-like symptoms under field conditions and 
were;not the natural hosts of the PRSV. Indexing results 
also indicated that watermelon was a natural host of the 
PRSV and could serve as a reservoir host for its subsequent 

spread onto papaya* since this host was also found to be 

naturally infested by aphid species during surveys conducted 

for PRSV pre-valance in the State of Maharashtra*

4.6 Physical properties i

4.6.1 Ih«S#.teMaytftag.ESfttf <TIP>

The results on TIP of 10 PRSV isolates are shown 

in Table* 13a. It is evident from the data given in the

table that the assay host plants became infected by all the 
10 PRSV isolates at temperatures upto 60°C but not at 65°C. 

However, the percentage infectivity decreased progressively 

as the temperatures were increased.

4.6.2 Dilution end point (DEP) s

The results on DEP of different PRSV isolates ace 
displayed in Table~13b* It is revealed from the table that 

all the PRSV isolates were Inactivated between the dilutions 
of 10~3 to iO*4, but not XO"^ dilutions* However, the 

percentage infectivity decreased progressively as the 

dilutions were increased.
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4# 6.3 Longevity in vitro (LIV) :

The results of LIV of different PRSV isolates are 
presented in Table-13c. It is revealed from the table that 
the virus isolates were viable ppto 10 but not 12 hours at 
room temperature (2? to 30°G). The assay host inoculated 
plants became infected upto 10 but not 12 hours aging at room 
temperature. Percentage inf activity decreased progressively 
as the aging of the sap was increased at room temperature.

4.7 Serology ;

4.7*1 Drop perciptin test on slides t

The results of this test are presented in Table-14. 
It is evident from the table that all the JO virus isolates 
under study showed positive reaction to antisera of only 
three potyviruses viz.,"papaya ringspot virus" (PRSV)r 
"watermelon'mosaic virus-1" (WMV-l) and "watermelon mosaic 
virus-2" (WlV-2), but not, to the members Of other poty, potex, 
cucumo or nepovirus groups including BCMV, BYMV, B1CMV,
C/m, CMV, DDMV, PnMV, PVX, PVY, SMV, -TRSV, and WMV- 
These results clearly indicated that all the 10 virus 
isolates were serologically related to PRSV, WM/-1 and 
WMV-2, definitive members of potyvirus group. No 
serological relations of any of the 10 virus isolates was 
observed with healthy sap from papaya, summersquash,
PBS or normal serum.
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4-7.2 g)§- immunodiffusion test *

, The. serological relationship of the 10 virus 
isolates under study was also tested against the antisera 
of three.poty viruses viz., " papaya ringspot virus" (PRSV) 
"watermelon mosaic.virus*!" (WMV-i) and "watermelon mosaic 
virus-2" (WMV-2) using SDs* immunodiffusion test. The 
results of these tests showed the development of single line 
of precipitation within 14 hours after incubation between 
the antisera of PRSU (Plate- XVIII, Fig.37), WMV-l and 
WMV-2 and the test antigens i*e. 10 PRSV isolates* 
Serologically, all the JO virus isolates were indistinguishable 
since the line of precipitation was continuous* Neither 
PBS, normal serum nor the healthy sap from papaya or 
summer squash gave any reaction, with PRSV antiserum*

4*8 Electron microscopy t

4*8.1 Leaf-dip preparations :

The data of length distribution and frequency 
of virus particles is shown In Table-19 and in histogram 
(Fig.38)*. The leaf-dip preparations from papaya 
{cv* Washington) infected, with PRSV-PBN(FF) isolate, 
consistently revealed, the presence of elongated, flexuous, 
rod-shaped virus particles and also particles in loose 
aggregates (Plate-XIX,' Fig.39). The particles were, however,
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738
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808
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913

Normal length « 
777 ♦ 4 nm

mm

Modal length = 
775 + 4 nm

686- 720 

721- 755 

756- 790 

791- 825 

826- 860 

861- 895 

896- 930

Table 15: Length distribution and frequency"of papaya 
ringspot virus (PRSV- PBN(FF) particles
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PLATE * XVIII

Fig* 37 s Sodium-dodeeylsulphateCS&S) ■ - 
immunodiffusion test illustrating

i, ■ • ... • i

serological - relationship “different- •• ■ 
virus isolat§s(antigens in peripheral 
wells viz., i= PESV PBN(FF)j 
2 « PRSV-AKLj 3 » PRSV-THA*
4 » PRSV-PUN-H.G* c*p*f-5 «~PRSV=-MSR; 
6- as PRSV-LTR) with papaya rings pot 
virus-{PRSV) antiserum to Hawaiian 
isolate in the Central Well (P).
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PLATE - XIX

Fig. 39* : Electron micrograph of - leaf^ip
preparation ©I-PRSV- infected........
papaya-leaf-showing virus particles 
in loose aggregates*

S.
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not present in dip preparation from healthy leaf tissues*
/

The histogram (Fig.38) shows a maximum between 686 to 930 ran 

and a small manber of non-specific particles with shorter 

length (below 680 ran) and longer length (above 930 ran) have 
been deleted from the histogram (Fig.38)« The means of main 

maximum was used for calculation of the normal particle 

length end it was 777 J 4 ran* The modal (most frequently 

occuring value) length was 775 + 4 ran (Table-IS)* The 

results of this study showed that the virus under investigation 

belonged to the potyvirus group*.:

4.8*2 Ultrathin sections s

Ultrathin sections of papaya leaf tissues infected 
by PRSV (PBN-FF isolate) displayed numerous cytoplasmic 

cylindrical inclusions (OCX) consisting of "pinwheels" and 
"scrolls" (Plate-XX, Fig.40) and brush-Hke (P|Late-XX,Fig.41) 

and hair-like virus aggregates,* (VA). The OCX and V/V were 

evident, only in the cytoplasm of the infected-cells* The 
results of this study clearly indicated that the virus under 
Investigation belonged to a sub-division-1 of the 

"potyvirus group".

4*9 Resistance to PRSV in Garicaceae s

The data on the reactions of 16 varieties of 
C. papaya, and a C. cauliflora and an interspecific hybrid

(C. cauliflora k C. oaPava) to "papaya ringspot virus"(PRSV)

/
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PLATE- XX

, i . *

Fig. 40 2 Electronrmicrograph of Ultrathln 
section of-papaya leaf-tissue- 
inf ect eel by PRSV showing' -- - 
"pinwheels ^PW) and " scrolls "( SC)





PLATE - XXI

Fig. 41 i Electron'micrograph of ullrathin -
section of papaya leaf tissue-infected 
by PRSV showing virus agreegates (VA)•

S
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Is.presented in Table-16* The data given in the table 

revealed that all the 1$ varieties of C* papaya and the 

interspecific hybrid tested, were rated as susceptible 

based on the severity of foliage symptoms, height-reduction 

and percentage inf activity; Percentage infectivity of 16 

varieties of c. papaya and an interspecific hybrid to PRSV 

was found to range from 80 to 100 . Carlea cauliflora was

infected by PHSV without producing any obvious symptoms *
C* cauliflora# was, therefore, rated as tolerant to PRSV 

(Tabl&*»16) •

The data on the effect of PHSV on plant height is 

also presented in'Table#l6* The data revealed that PRSV 

caused reduction in plant height in all the 16 test varieties 
of C. paoava and in the interspecific hybrid* However, the 

percentage reduction in plant height significantly varied 

among varieties and the interspecific hybrid and in general 

it was found to range from 35*01 and 55*18 per cent.

Highest reduction in plant height was observed in Pusa Dwarf 
(55*18 per cent), and lowest (35*01 per cent) in Co-2, papaya 

varieties* PRSV infection, however, did not reduce plant 
height of C. cauliflora significantly*



DISCUSSION



5. DISCUSSION

5*1 Disease incidence and field symptoms t

In the present investigation* the PRSV has been 
found prevalent in different regions of Maharashtra State 

on Carioa papaya cultlvarsi Carle a cauliflora and on. an . 
interspecific hybrid (C. cauliflora x C. paoava) grown at 

Ganesh Khind Gardens in Pune* the symptoms induced by 

PRSV under field conditions were strikingly similar at all 

the locations* the occurrence of PRSV on papaya has also 

been reported from other states of India like Uttar Pradesh 

and Rajasthan ( Khurana, 1974; Sureka al.. 1977} • Other 

aphid transmitted, incompletely characterised papaya virus 

diseases resembling PRSV for some properties have also 

been reported from other states of India like Bihar 

(Mishra and Jha, 1935| Varma, 1971), Madhya Pradesh 

(Garga, 1963), Haryana (Varma, i97i)* Punjab (Cheema and 
Reddy, 1985a,b), Uttar Pradesh (Singh, 1969a,b; Bhaskar, 

1983) and Andhra Pradesh (Susan John, 1983). The "mosaic 
virus disease" of papaya reported from Pune by Capoor 
and Varma (1948, 1958) is not available for comparison 

since the original culture of the same is lost* However, 
virus isolates collected from the same locality (Ganesh 
Khind Gardens* Pune) and used in the present investigation 

have given indications that in fact these authors were
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dealing with PRSV only* This valuable confirmation has
%

established that papaya in Maharashtra is exclusively 

infected by PRSV, but not by "papaya mosaic virus" (PMV), 

a member of "potexvirus, group"* The PRSV is. reported to 

occur on papaya at an alarmingly high proportion* limiting 
its profitable cultivation in different parts of the world. 
These include Africa (Kulkarni and Sheffield, 1968), Brazil 

(Barbosa and Paguio, 1982b), the Caribbean countries

(Story and Halliwell, 1969}* Colombia (Sanchez de Luque et al*. 
1980), USAs Florida ( Conover, 1962; Cook and Zettler, 1970j 

Wan and Conover, 1983), and Hawaii ( Ishii and Holtzmann,

1963); South America ( Harold and Weibel, 1962) and Taiwan 

(Wang al 1978).

Papaya plants grown in different plantations were 
not found to be infested by aphids in the present 

investigation, as also has been reported from Cuba* Puerto 

Rico (Schaefers, 1969), USA:(Florida) (Wan and Conover, 1983), 

India (Capoor and Varma, 1958; Garga, 1963; Varma, 1971) and 

Taiwan (Hsieh and Hwang, 1986). However, Jensen (1949b) has 

reported that Mycus persicae could breed and colonise on 

papaya plants* .According to him, the population of 
M. persicae in the fields in Hawaii fluctuated with the 

season, weather conditions and with the abundance of natural 
enemies. He found that cool spring months were more



favourable than the warmer, drier summer months for 

population build up* He also found the correlation between 

the vector population and disease spread in the papaya plots 

maintained in Manoa Valley in Hawaii* The high incidence of 
PRSV in papaya plantations of Maharashtra State reflects that 
field spread of PRSV has been talcing place* However, the 

role played by the aphids that infest weeds, intercrops and 
crops grown in the vicinity of papaya plantations in spreading 

PRSV remain largely undetermined* It is because of the fact 

that PHSV has narrow and restricted host range and outside 

Caricaceae, it is- infecting only some members of 

Cucurbitaceae* Among these also, only watermelon has been 

found to be infected spontaneously in the present investigation* 

Inspite of the fact that watermelon was also found to be 

infested by an aphid vector species, it remains yet to be 

established upto what extent watermelon can play a role in 

the epidemiology of the PRSV by way of acting as a reservoir 
host both for the virus and the vector.

The aphids that Infest weeds, intercrops and 

neighbouring crops of papaya plantations in Maharashtra State
\

have also shown to be vectors of the PRSV in the present x

investigation* However, these aphids have not been found to 
colonise on papaya plants in any of the s urveyed localities 

of Maharashtra, as such their role in field spread of PRSV
V »

from papaya to papaya remains largely undetermined, though
some workers predict that the PRSV spread within and to new papaya ;



plantations tdkes place during aphid migration periods 

(Varma, 1971; Wan and Conover, 1983; Hsieh and Hwang,1986).

For field symptomatology the present virus
Se

disease on papaya rubles "leaf deformation" of Bangladesh 

(Ghatterji, 1943), " PHSV" of Brazil (Barbosa and Paguio, 

1962a), * Type A virus disease" ( Torres and Giacometti, 

1986) and " PHSV" (Sanchez de Luque and Martinez Lopez, 

1976a,b) of Colombia; " Cotorro mosaic" of Cuba (Aouna and 

Zayas, 1940, 1946), "papaya decline viruses" of East 

Africa ( Kulkarni, 1970), "DRV", " FMRV" and " PRSV" of 

Florida ( Conover, 1964a,b; deBokx, 1966; Wan and 

Conover, 1983), » PRSV" of Gilbert Islands

(Shanmuganathan, 1980); " a new virus disease of papaya" 
(Parris, 1938), " PRSV" (Holmes fl&dl.*, 1940; Jensen,

1949a) and "PMV" (lahii and Holtzmann, 1963) of Hawaii;

"PMV" (Capoor and Varma, 1948, 1938; Mishra and Jha, 1933; 

Garga, 1963; Singh, 1969b; Varma, 1971), "DRV" and PRSV" 

(Khurana, 1974; Khurana and Bhargava, 1970)," PLRV"

(Singh, i969e) end " PRSV" (Sureka slaL*, 1977; Yemewar 

and Mali, 1980; Susan John, 1985) of India; "PRSV" of 

Nigeria ( Lana, 1980), " Shredded leaf" Of Pakistan 

(Farqui si aL** 1972), "PMV" of Puerto Rico (Adsuer,

1947a)," PMV" of Queensland (Stmmonds, 1963),"PRSV" 

of Sri Lanka ( Rajapakse and Herath, 1982) and "PRSV" 

of Vietnam (BrcBk and Pozdena, 1976)* However, the
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symptoms like "hook" or U-shaped" spots,on stem described 

in ease of * Cotorro mosaic11 of Cuba ( Acuna and Zayas,
1946), "Phyllody" described in case of Venezuelan isolate 

of. PRSV (de la Rosa and Lastra, 1983) and "apocarpy" 

and "double papaya" formation in case of "DRV" (Khurana 

and Bhargava* 1970) and " PRSV" (sureka S&. SiL*r 1977) were not 
found associated with any of the ten PRSV isolates from 

Maharashtra- ,
/

5*2 Virus identity andexistence of strains t

All the 10 isolates viz. , AKL, AUR, LTR, NAN,,

OSB, PBN(FF), PBN(HG) , PUN-H*C.c*p, PON-G.p and THA were 

identified as"type»P" isolates of "papaya ringspot virus0 

(PRSV), a member of "potyvirus-' grou p”(Purci f ul 1, 1972j 

Bollings and Brunt, 1981; Pure!full 1984^ based

On particle shape and size, inclusion morphology* host range, 

serology, aphid transmissibility,. and physical properties 

in crude sap* Strains of PRSV have been reported from other 

countries (Conoyer, 1964a,b| Story and Halliwell, 1969;

Chang, 1979} Gonsalves and Ishii, 1980) based on severity of 

symptoms they induce. In the present investigation, no 
streinal differences were evident, since all the 10 isolates 
induced identical symptoms on papaya and other diagnostic 

hosts* Therefore, these isolates belong to the same 
biological group* Yeh §1. 3i.* (1984) while comparing nine

s
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isolates. of PRSV from different, geographical origins also 

found no differences in severity of symptoms they induced 
on papaya and concluded that all the nine isolates belonged 

to the sane biological group.

, The’PRSV. prevalent in Maharashtra typically 
induced "plnwheels" and "scrolls" but not "laminated 

aggregates" in infected host cells* Therefore, the PRSV 

in the present investigation was assigned to sub-division-I 

of "potyvirus group" ( Ed ward son, 1974; V. Edwardson aXaLu 

1984; Matthews, 1982) for its inclusion morphology.

5*3 Transmission :

3*3*1, , Mechanical transmission t

All the 10 PRSV isolates under study were found 
readily transmitted by mechanical means* PRSV and PHSV-like 

isolates have been reported to be transmitted by mechanical

means elsewhere (Parris, 1938} Adsuar, 1947a; Capoor and 
Varma, 1948, 19SB; Conover,, 1962, 1964a,b; Ishii and 

Holtzmaim, 1963; de Bokx, 1963; Zettler sX flL-J 1968;

Story and Halliwell, 1969; Singh, 1969a; Kulkarni, 1970;
Cook and Milbrath; 1971; Sanchez de Luque and Martinez 

Lopez l976a,b, 1977; Sureka et al*, 1977; Lane, I960;
Yeraewar and Mali, 1980; Rajapakse and Herath, 1981,1982; 

Barbosa and Paguio, 1982a,b; Bhaskar, 1983; de la Rosa 

and L^etra, 1983; Yeh gJL £&>» 1984) .
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The symptoms induced by the present PRSV 

isolates on papaya were similar or identical to those 

reported for PHSV isolates elsewhere (Parris* 1938; Jensen, 

1946* 1947, 1949a; Adsuar, 1947a* Gapoor and Vann a, 1948, 

1968; Conover, 1962* 1964a,b; Herold and Welbel, 1962;

Ishil and Boltzmann, 1963; de Bokx* 1965; Story and 

Halliwell, 1969; Singh, 1969a,b; Kulkarni, 1970; Varma, 1971; 

Khurana*1974; Khurana and Bhargava* 1971; Break and

Pozdena* 1976; Sanchez de Luque and Martinez Lopez, 1976a,b;
• *

Sureka et al«, 1977; Lana* 1980; Yemewar and Mall* 1980; 

Bhaskar, 1983; de la Hosa and Lastra, 1983; Wan and Conover« 

1983; Yeh et 1984; Susan John, 1985). However, the 

symptoms like petioles assuming *spri.ng«likef> appearance in 

some cultivars of papaya viz*, Co-i, Co-2, Co-3, Pusa

Delicious, Pusa Dwarf and Solo observed in the present 
studies have not been reported elsewhere.

Masking of disease symptoms during summer months 

(April to June) evident in the present studies have also been 

reported for PHSV isolates like DRV, FMRV, PMV or PRSV- type 

strain elsewhere (Jensen, 1949a; Conover, 1962, 1964a,b; 

Garga, 1963; Cook, 1972; Sureka fit fii.*, 1977; Yeh sX fii.»* 

1984).
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5*3*2 Aphid transmission :

Eight aphid species viz*, Acvrthosipon pisum.

Aphis craccivora. A. gossypii, A. nerii, Melanaphls sacchari, 

Mvzus perslcae. Rhopaloaiphum maidis and Uroleucon compositae 

have been found to be the vectors of the 10 PRSV isolates 

under study, transmitting them in the non-persistent manner. 

These eight aphid species except M. sacchari have also been 

reported as vectors of PHSV elsewhere ( Capoor and Varma, 

1948, 1958; Jensen, 1949a,b; Martoreil and Adsuar, 1952, 

Pontis Videla, 1953; Xshii and Heltzmann, 1963; Garga,

1963; Conover, 1964a,b; Kralovic, 1967; Gabrovska gjLsL*, 
1967; Pettier al*. 1968; Marin, 1969; Schaefers, 1969; 

Singh, 1969a,b; Higa and Mamba, 1971; Khurana and 

Bhargava, 1971; Varma, 1971;. Sanchez de Luque and Martinez 

Lopez, 1976a,b, 1977$ Lana, 1980; Yemewar and Mali, 1980; 

Hajapakse and Herath, 1981, 1982; Wang, 1981; Barbosa and 

Paguio, 1982a; Bhaskar, 1983: Hwang and Hsieh, 1984; Cheema 

and Reddy, 1985a,b; Susan John, 1985; Dake, 1986).

M. sacchari has not hitherto been recorded as a vector of 

PRSV.

Amongst eight aphid species,. Myzus persicae has

been found efficient vector in transmitting the present 
PRSV isolates* Similar results have also been reported
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by other workers, (Capoor and Varma, 1948, 1958} Jensen, 

X949a,b; Schaefers, |9,69; Raiapakse ana Her at h, 1981, 1982) *

5*3*3 Transmission of PRSW using different parts of 

infected papaya*plaht as a source of inoculum s

In the ^present studies, it has been found that

besides, virus infected leaves, it was also possible to use
* * ^ * , .

petiole, stem or fruit tissues as a source of inoculum in 

virus transmission by mechanical means or by aphid vectors*

So far virus infected leaf tissue has been extensively used 

as a source of virus inoculum in transmission tests
* » j 1 j ' i * .

(Capoor and Varma, 1948, X958; Jensen, 1949b; Conover,

1964a,b; Schaefers 19 &9; Singh, 1969a,b; Story and Halliwell, 

1969; Khurana and Bhargava, 1971; Varma, 1971, Sanchez de 

Luque and Martinez lopez, 1976a, b; Sureka gjb. al*. 1977; 

lana, 1980| Yemewar and Mali, 1980; Rajapiakse and Herath,

1981, 1982; Wang* 1981; Bhaskar, 1983; Susan John, 1985;

Dake,. 1986)* But other virus infected tissues like roots 
or fruits as a sburce of inoculum in transmission studies 

have been used by few workers. (Jensen, 1949b; Story and 

Halliwell, 1969;. Lana, 1980) * Information in respect to 

transmission of PRSV from infected stem and petioles is not 
available in the literature surveyed.
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5*3*4 Virus-vector relationship t

5*3*4*1 Efficiency of different morphological forms of 

aohida in PRSV transmission J

It has been indicated in the present study that 

apterate adults of A. goasvpil and M. persicae were more 

efficient in the transmission of PRSV (isolate PBN-FF) 

than alate adults and nymphs* Similar results have been 
reported by Singh (1972c) and Bhaskar (1983) while working 

with PMV and Aphis QQssvpii*

5*3*4*2 Influence of the number of aphids in PRSV 
transmission ;

It has been found in the present study, that 
infectivity percentage increased progressively with the

‘ i «

increase in the number of. aphids and the maximum number 

required for achieving cent per cent transmission varied
! I »

with the aphid species used in the transmission tests* 
Similar trend in percentage infectivity as a result of 

aphid transmission has been reported by few other workers 
(Singh* 1971c, 1972cj Cheema and Reddy, 1985b).

5*3*4*3 Effect of pre-acquisition fasting periods given to 

aphid vector species on PRSV transmission *

In the present investigation, pre^acquisition 
fasting of one hour given to aphid vector species viz.,

A. gossypii and M. persicae, has resulted in the increase of
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vector efficiency in the transmission of PRSV at. least by 
7 to 8 times* Similar results have also been reported by 
few workers (Singh, 1971c, 1972c; Cheema and Reddy, 1985b) 
between PRSV isolates and aphid vector species viz*,
A* qossvpii. M • persicae and R. maidis*

5*3*4*4 Effect of different acquisition feeding periods
given to aphid vector species on PRSV .transmission :

In the present investigation, acquisition feeding 
period of 5 minutes has been found optimum for vector species 
(A. qossvpii and M. persicae) to transmit PRSV more 
efficiently* Lower and higher acqiisition feedng times have

resulted into low level of virus transmission* Similar 
acquisition feeding periods for PRSV transmission have also 
been reported by other workers (Jensen, 1949a, Schaefers,
19691 Singh, 1971c, 1972c; Wang, 1981; Cheema and Reddy,
1985b)*

5*3*4*5 Effect of different Inoculation feeding periods given 

to aphid vector, species on PRSV transmission :

In the present investigation, it has been found that 
for A* qossvpii and M. persicae# an inoculation feeding of 15 
minutes resulted in maximum virus transmission. The results 
of this investigation are in concurrence with those of Singh 
(1971c, 1972c) and Cheema and Reddy (1983b).
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5.3.4.6 Persistence of PRSV in aphid vector species J

The iesults of this, study have indicated that 

A. qossvpll and M. persic ae have. lost, the virus store 

rapidly when fed on the series.of test plant.thereby 

indicating, a non-persistent type, of virus-vector 
>plationshipr. ..^Similar, re suits have been reported fop PMV 

and A. solraecola in Puerto Rico (Adsuar, _1947c). |0 PM*. „ 
and £>,, aossvDii. M« persic ae and R. maid is in. India. (Capoor

Varma, 1958? Slngh, 1972ei Pheema and iteddy, 4983b), and
, ' # * 1

*PRSV* and M. persic ae in Hawaii ( Jensen, 1949a).

5.3.8 Seed transmission:

PHSV has not been found to be seed-borge in papaya 

in the present investigations Seed transmission of PRSV 

in papaya have also not been detected by other workers (Ishii 

and Boltzmann, 1963; Conover, 1964a; Wang £& ..&•* 1978).

5.3.6 Graft transmission t.
.  11.in.     «■■

PRSV has been found to be transmitted by *approach-

grafting11 in the present investigation* Similar results have 
been reported by other workers for some of the PRSV isolates 
elsewhere (Adsuar, 1947a; Capoor and Varma, 1948, 1958;

* Garga, 1963).



196

5.3.7 Dodder transmission *

PRSV has also been found to be ^transmitted by 
dodder (Guscuta species) in the present investigation* Mo

information is available on the dodder transmission of PRSV 
in the literature surveyed.

5*4 Host range %

Papaya ringspot virus,(PRSV) have been.reported to 

have intermediate host range mostly confined to the members 
of three families viz., Caricaceae, Chenop.odiaceae.and 

Cucurbitaceae (PurclfuXX, 1972; Wang £$. sL* * 1978;

Yeh §£. al.. 1984) as has been the case with the present 

virus isolates* Chenopodium amaranticolor and C. guinea
eMMHMMMMMMMHM MB iMMMM

have also been found to be the local lesion hosts of the 

present PRSV isolates as has been reported elsewhere 
(Kulkarnl, 1970; Cook and Mllbrath, 1971; Sureka et al.. 

1977; Wang s&.ah, 1978; Chang, 1979; lana, 1980; Yemewar 
Mali, 1980; Rajapakse and Her at h, 1982; Bhaskar, 1983;
Yeh gl ^L*, .1984;. ptisan John, 1985). However, the local 
lesion development on these hosts was found to be erratic 

when papaya rather than summersquash tissue formed the 

source of virus inoculum. This might be due to low 

concentration of virus in papaya tissue (Yeh s& » 1984)• 

Carica cauliflora has been reported to be resistant to 

PRSV by some of the workers (Malaguti gt, al.. 1957;
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do Zerpa, 1958, 1962, 1967; Vasudeva, 1959; Capoor and Varma 

1961; Horovitz and Jimenez, 1967; Mekako and Nakasone, 1975)*

C. cauliflora has been found to be susceptible to all the 10

PRSV isolates in the present investigation^ has been 

Reported by some workers from Florida (Conover, 1964a,b) and 

Hawaii (Cook and Milbrath, 1971).

*Type-P" isolates but not "type-W" isolates of 

PRSV have been reported to infect papaya (Carlea papaya )

(Milne and Gorgan, 1969; Purcifull and Hlebert, 1979;

Yeh et al., 1984). Ml the 10 PRSV isolates in the present 

investigation have been found to infect papaya host.

A Florida isolate of PRSV and an aphid transmissible 
PMV from India have been, reported to infeot ridgegourd 

(Irtiifa smt&tmls) (Capoor and Varma, 1958; Milne ala*., 1969; 

Yeh si, al* • 1984} as has been the case with, the present 

PRSV isolates* ,

Some of the *type*P” isolates of PRSV have been 

found to induce prominent mosaic and leaf distortion, 

whereas others induce mild mottle on pumpkin (Cucurbits 

pepo ) (Gonsalves and Ishll, 1980) * "Type-W" isolates have 

been found typically Inducing foliar symptoms of mosaic, 

daTkgreen blisters and distortion, whereas stripe mosaic 
and distortion have been reported for Guadeloupe strain 
on pumpkin (Purcifull §1 gXf, 1984). All the 10 PRSV
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isolates in the present studies have been found to Induce 

prominent mosaic but not mild mottle symptoms on the

young leaves of the pumpkin*
\

Other cucurbitaceous hosts of the present PRSV 

isolates included ashgourd (Benincasa hispida), watermelons 

(CitrulXus lanatus). roundgourd (C. lanatus var. fistulosus). 

muskmeion (Gucumis melo), wintersquash (Cucurbita maxima), 

summersquash ( G. pepo var. melopepo) and snakegourd 

(Trichosanthes anquina)• For instance, Benincasa hispida 

(Yemewar and Mali, 1980), Gitrullus lanatus (Capoor and 

Varma, 1948; 1958.; Ishii and Boltzmann, 1963; Conover,

1964a,b; Naiaba and Kaftanishi, 1966; Zettler 1968;

Sandier de Luque and Martinez Lopez, 1976b, 1977; Wang 

1978; Bhaskar, 1983; Yeh fit^aL*, 1984; Susan John, 1985),

C* lanatus var* fistulosus ( Capoor and Varma, 1948, 1958),

C. melo (Capoor and Varma, 1948; 1958; Conover, 1964a,b; 

Sanchez de Luque and Martinet Lopez, 1976b, 1977), C. aativus 

(Capoor and Varma, 1948, 1958; Ishii and Boltzmann, 1963;
t • •

Conover, 1964a,b; Mamba and Kawanishi, 1966; Zettler gt, gi#, 

1968; Lana, 1980; Yemewar and Mali, 1980; Rajapakse and 

Herath, 1982; Bhaskar, 1983; Yeh al aL*» 1984; Susan John, 

1985), Cucurbit a maxima ( Capoor and Varma, 1958; Ishii and
t . . .........................................

Boltzmann, 1963; de Bokx, 1966; Zettler &&*• 1968; Story 

and Balllwell 1969; Cook and Zettler, 1970; . Cook and 

Milbrath, 1971; Lopez Pinto, 1972; Sanchez de Luque and
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Martinez.: Lopez, 1976b, 1977; Sureka glgi.** 1977} Yemewar 

and Mali, 1980} Rajapakse and Herath, 1982} Wan and Conover, 

1983; Bhaskar, 1983), C. pepo var. melopepo (Capoor and Vanaa, 

1948, 1958} Heroid and Weibel, 1962} Conover, 1964a,b} 

de Bokx, 1965} Zettler gtlfiyL*. 1968} Story and Halliwell,

1969} Sureka 1977} Lana, 1980} Yemewar and Mall, 1980}

Barbosa and Paguio, 1982a} de. la Rosa and Lastra, 1983)y and 

TjAshflaanlheg sagging. (Capoor and Varma, 1948, 1958} Bhaskar, 

1983) have also been reported as PRSV hosts elsewhere.

The non^hosts of the present PRSV isolates have 

also been reported as non-hosts of PRSV isolates elsewhere.
■ . i ■ , ,

these include Laoenaria sloerarla (Sureka gt, si,., 1977}

Yemewar and Mali, 1980} Susan John, 1985), Htfla fiYllnfelM 

(Capoor and Varma, 1948, 1958} Conover, 1964a,b) and 

Momordioa char anti a ( Capoor and Varma, 1948, 1958} Ishii 

and Boltzmann, 1963} Conover, 1964a,b} Sanchez de Luque 

and Martinez Lopez, 1976b, 1977} Yemewar and Mali, 1980}

Susan Joh$, 1985).

5.5 Indexing of field infected cucurbitaceous plant
species for the presence of PRSV s

Of the various cucurbits indexed, only watermelon 

has been found to be infected by PRSV spontaneously in the 

present investigation. Some of the cucurbits have been 

reported as natural hosts of PRSV elsewhere (Wang gt. » 1978).
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5*6 Physical properties *

5.6.1 Thermal inactivation point (tJP) t

The present PRSV isolates haye been found to be 
inactivated between 60 and 65°C and in this respect they 

resemble PRSV isolates reported'from Bast Africa 
(Kulkarnl, 1970), Puerto Rico (Adsuar, 1947c)» Uttar 

Pradesh, India ( Singh, 1969b), and Colombia (Sanchez de 
tuque aid Martinez Lopez, 1976b).

5.6.2 Dilution end point (DEP)

The present PRSV isolates have been found to be 
inactivated between the dilutions of lO"*3 to 10*^. In this

respect they resembled PRSV isolates from Dominican
✓

Republic (Story and Halliwell, 1969), Florida (Conover,

1964a,b), India (Capoor and Varma, 1948, 1958; Sureka pt aj.. 

1977; Yeiaewar and Mali, 1980; Bhaskar, 1983), Nigeria 

(Lana, i960), Puerto Rico (Adsuar, 1947c), Venezuela 

(Lopez Pinto, 1972) aid Taiwan (Wan§ gt, gi,.» 1978j Chang, 

1979).

6.6.3 tongevlSy la idM ( liv)

The present PR$V isolates have been found to be 
viable opto 10 but not 12 hours at room temperature (27 to 
30°C). The values for LIV of the present PRSV isolates

resemble PRSV isolates reported from India (Vernewar and Mali,
/



2G1
1980; Bhaskar j 1983),, I&geria (lana, 1980) and Taiwan 
(Wang fit ai.., 1978). •

, > ' ' i ( .

5*7 Serological relationship :
■ ■ 1 . > >

All the present PRSV isolates have been foupd to 
be serologically related.to antisera of "papaya ringspot 
virus* (PRSV), "watermelon mosaic virus-1* (WMV-i) and 

"watermelon mosaic virus-2* (WMV-2). All the 10 virus 
isolates in the present, investigation have been identified as 
the "type-P" isolates of PRSV, based on the particle and 
inclusion morphology, aphid transmissibility and serological 
relationship with PRSV. Since, PRSV has been shown to be 
serologically very closeTJy related# if not identical to 
•watermelon mosaic virus-1" (WMV-1) and distantly related to 
"watermelon mosaic virus-2"(WMV*2)(Webb and Scott, 1965;

Milne and Grogan, 1969; Purcifull and Hiebert, 1979; Russo 
et al., 1979; Gonsalves and Ishii, 1980; Barbosa and Paguio, 
1982; Yeh at al*. 1984). it is possible, therefore, to get 

a positive serological reaction of the present. PRSV isolates 
to that of a WMV-l and WMV-2 besides PRSV. In fact, recently 
"papaya ringspot virus* (PRSV) and "watermelon mosaic virus-1" 

(WMV-1) have been grouped under one name of "papaya ringspot 
virus" (PRStf) with "type-P and *W* isolates as suggested 
by Lovisolo (1980) and Yeh afe. (1984), based on 
similarities in properties like serological, biological, 

cytologies! and in resistance mechanisms in cucurbits 
(Purcifull 1984).
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5*8 Particle and inclusion morphology s

The particle morphology and ability to induce 

cytoplasmic cylindrical inclusions (CCI) consisting of 

"pinwheels* and •scrolls'1 in the host cells, places the 

present virus in potyvirus groups (Bollings and Brunt, 1981; 
Matthews, 1982). Edward son (1974) has placed both type-P 

and W isolates of PRSV to subgroup*-!, because they typically 
induced "pinwheels" and * scrolls'* but not "laminated 

aggregates" in host cells as has been the case with present 
PHSV isolate-

Themodal length of the present PHSV isolate*, is. 

similar to PHSV isolates reported from Brazil (Barbosa and 
Paguio, 1982a), Dominican Republic (Harold and Weibel, 1982),

East Africa (Kulkarni, 1970), Florida (de Bokx, 1965;
/ • * •

Zettler.fi^68; Smith, 1972), Fugian ( Ko filfii.-, 1979), 

India (Khurana, 1974; Dake, 1986), Nigeria (lana, 1980), 

Venezuela ( de la Rosa and Lastra, 1983), Vietnam (Break 

and Pozdena, 1976) and Taiwan (Chen, 1984)- Besides 

cytoplasmic cylindrical inclusions (GCI) consisting of 

"pinwheels" and " scrolls", the present PRSV prevalent in 

Maharashtra State also induced the formation of brush-like 

and hair-like aggregates of virus particles in the cytoplasm 

of the infected cells- The presence of similar cytoplasmic 
cylindrical inclusions (CCI) and virus aggregates (VA) in
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the cytoplasm of the infected cells have also been reported 

for PRSV isolates from Brazil (Barbosa and Paguio, 1982a) , 

Dominican Republic (Story and Haiiiwell, 1969), Florida 

(Zettler fi£. sik», 1968; Edward son ,fil al*, 1984), South Ghlna 

(V/u tl.sLM 1983) and Taiwan (Chen, 1984).

5-9 Resistance to PRSV in Caricaceae s

Although tolerant selections of and their cross 

combinations have been identified (Conover, 1976; Conover 

and Lit*, 1978), resistance to PRSV has_ not been found to 

occur within Garlca paoava (Cook and Zettler, 1970; Conover. 

1976; Conover and Lit?, 1978; Wang &L*» 1978) • Some species

of Carica including G. cauliflora* however, have been reported 

to be resistant to PRSV (Malaguti 1957; de Zerpa, 1958,

1962, 1967; Vasudeva, 1959; Capoor and Varma, 1961; Horovltz 

Jimenez, 1967, Mekako and Nakasone, 1975) • On the contrary,

C. cauliflora hasv been reported as susceptible to PRSV 

by few workers (Conover, 1964a,b; Cook and Miibrath,197l) 

as has been the case with the present PRSV isolate of 

Maharashtra State* Therefore, use of C. cauliflora is not 

warranted in crossing programmes with C. papaya aimed at 

developing a resistant plant material to PRSV. In the present 

investigation, all the 16 Varieties of C. papaya and an 

interspecific hybrid have been found susceptible and

\
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£• caullflora tolerant to PRS\f. The present PRSV isolate 

has also been found to reduce plant height to an extent of 
55 per cent* Reduction in plant height, though not 
quantified, have also been reported by earlier workers 

(Parris, 1938* 'Chatter1943; Capopr and Varroa, 1948, 

1958; Jehsen, 1949a; Ishii and Boltzmann, 1963; Gatga, 
1963; Conover, 1964a,b; Varma, 1971; Sanchez de Luque and 

Martinez Lopez, 1976a; Yemewar and Mali, 1980; Barbosa 

and Paguio, 1982a; Susan John, 1985) •
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6. SUMMARY

All _the ip virus isolates collected on papaya 

from different localities of Marathwada, Vidharbha, Korikan 

and Western Maharashtra were identified as “type-P" 

ls°lotes of papaya ring spot virus11 (PRSV), a definitive 

member of subdivision-! of the "potyvirus group", based 

on particle shape and size, inclusion morphology, aphid 

transmissibility, serological relationship, host range and 

physical properties in crude sap*

"'Natural infections of papaya by PRSV characterised 

by foliage symptoms consisting of mosaic mottling, severe 

distortion and shoestringingi streaking on petioles and 

stem and rings on fruits was prevalent in all the nine 

districts surveyed* The disease incidence varied from 53 

to 100 per cent in different papaya plantations* The 

plants of recently introduced papaya cultivars like Co-1, 

Co-2, Go-3, Co-4 and Co-5 and an interspecific hybrid 

(Carlea cauliflorax C. papaya) showed 100 per cent infection

by PRSV* None of the surveyed localities displayed 

infestation of papaya plants by aphids* However, aphid 

species like Aevrthosiphon pisum. Aphis craccivora.

A. gossypii. A* nerii, Melanaphis sacchari, Myzus persicae 

and Rhopalosiphom maidis were found to infest intercrops, 

weed hosts and also crops grown in the vicinity of papaya
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plantations* It remains to be established whether or not 

these aphid species play an important role in the spread 

of PRSV within or outside papaya plantations in Maharashtra*^

AJ1 the 10 PRSV isolates were readily transmitted

by mechanical means from papaya to papaya and to other hosts*

With the use of extraction buffer, the level of transmission

was 100 per cent* The symptoms produced on papaya test plants

upon mechanical sap inoculation were similar to those found
» •

on plants spontaneously infected by the virus in papaya 

plantations*

'^Similarly, all the 10 PRSV isolates were readily 

transmitted by eight aphid species viz*, AcvrthosiPhon pisum

(98*5 per cent), Aphis oraoclvora (54 per cent), A* aoaavpii
*

(90*15 per cent), A* nerri (84*5 per cent), Melanaphis sacchari 

(46 per cent), Myzus persicae (100 per cent), Rhopalosiphum 

maldis (47 per cent) and Uroleucon compositae (78 per cent) 

in a non-persistent manner from papaya to papaya* Of these,

M* persicae Was found to be the most efficient vector* 

Melanaphis saccharl has been recorded as a new vector of 

PRSV* -5

JInfected leaf was found to be the best source for
• * ■>

virus transmission by mechanical sap and aphid inoculations 

as compared to fruit, petiole and stem*



Studies on virus*vector relationship indicated 

that the apterate O adults of A* gossypii and M. persicae 

were more efficient vectors of PRSV than nymphs and slate 
adults* A pre-acquisition fasting of one hour; acquisition 
feeding of 5 minutes and an inoculation feeding of 15 minutes 
were found to be optimum for achieving maximum transmission 

of PRSV by aphid vector species viz., A. gossvpil and 

M* persicae. The virus was lost from the vectors within

brief inoculation feedings (-1-2 minutes) and thus virus- 

vector relationship was found to be non-persistent type*

Besides mechanical and aphid transralssibillty, the 

virus was also found to be transmitted by grafting (approach- 

grafting) and by,,dodder (Guscuta species),but not through 

seeds of' papaya. ... ;

the. Virus had eh intermediate host range and could 

infect 14 plant species belonging to Garlcaceae* ''' 

Chenopodiaceae and Cucurbitaceae families* Besides 

Carica papaya and C. cauliflora. the virus hosts Included 

Chenopodium amaranticolor. C. guinea* watermelon(Gltrullus 

lanatus). round gourd (c* lanatus var * fistuiosus) .muskmelon 

(Cucumls roelo). cucumber (Cucumis sativus)« pumpkin 

(Cucurbita pepo). summersquash (C. pepo var* melopepo)> 

winter squash (G* maxima). ashgourd (Benlncasa hispida).
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ridgegourd (Luffa acutangula) and snakegourd (Trichosanthes 

ana ulna) The virus nonrhosts Included Abelmoschus

esculentus, Arachls hypogaea, Beta vulgaris, Capsicum annuum, 

Cassia Occident alls. Celoaia araentea. G. plumosa.

Che no podium album. C. morale, deer arietinum. Datura 

stramonium. Glycine max. Gomohrena globose. Laoenaria 

slceraria. Luff a cvlindrica. Lycopersicon esculent uni.

Momordica charantla. tftcotiana alutlnosa. N. rustica.

n* jafeaam* OfilfflMip, basilfam* Maw aej£Da&Qfl» v&pM
Vigna mungo, V. radiata, V. ungulculata and Zinnia el eg a ns» 

Watermelon was found to be infected spontaneously by PHSV.

\Zlhe physical properties of the virus Included TIP
_ A

between 60 and 66°C, dilution end point (DEp) between 10*° and 
-410 and longevity 4a vitro between 10 and 12 hours at

room temperature (28-30°C).
* \

the 10 PRSV isolates were found to be serologically 

related to three potyviruses viz.>"papaya ringspot virus"
(PRSV),"watermelon mosaic virus-1" (WM/-1) and "watermelon 

mosaic virus-2" (WMV-2) .

v/The virus was characterised by flexuous, filamentous, 
rod-shaped particles having a normal and modal lengths of 777 +

4 ran and T75 + 4 rim respectively. The virus induced 

• pinwheels" and " scrolls" bfit not " laminated 

aggregates" in the cytoplasm of the host cell. The virus
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was also found to induce brush-like and hair-like virus 

aggregates besides inclusions in the cytoplasm of the host 
cell.

All the 16 cultivars of Carica papaya and an 
interspecific hybrid ( C. cauliflora x C.pspaya) were found

to be susceptible to PRSV. Howevert_G. cauliflora was 

found to be tolerant to PESV. In susceptible cultivars 

the virus was also found to reduce plant height (upto 55 
per cent) significantly.
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