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Screening of F1 intergeneric hybrid progenies of papaya for papaya ringspot virus 
(PRSV) resistance
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ABSTRACT : The present investigation was undertaken to develop papaya ringspot virus (PRSV)  resistant papaya 
hybrids through intergeneric hybridization. Intergeneric hybridization was done involving nine Carica papaya cultivars as 
female and Vasconcellea cauliflora as male. Intergeneric F1 hybrids were artificially inoculated. Artificial screening for 
papaya ringspot virus was carried out 27 days after sap inoculation. Out of twenty nine F1 hybrid plants of CO 7 x V. 
cauliflora, only six plants (CO 7V1 to CO 7V6) were found free from PRSV symptoms. Similarly, out of fifty five F1 
hybrid plants of Pusa Nanha x V. cauliflora only twenty three (PNV1 to PNV23) were found free from the symptoms 
and seventy plants (CPV1 to CPV70) out of 335 plants of CP50 x V. cauliflora were found free from PRSV symptoms. 
Molecular markers ISSR markers were used to check and verify the hybridity. The resistance of the hybrids and parents 
were subjected to DAS ELISA test. ELISA titre value varied from 0.216 to 0.927. Among the parents, the resistant male 
parent V. cauliflora had recorded the lowest titre value of 0.216. However, the susceptible female parent CO 7 recorded 
the highest titre value of 0.972 followed by Pusa Nanha 0.952 and CP50 0.942. Among the hybrids ELISA titre value 
ranged from 0.218 to 0.29.
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ABSTRACT: The injection of exogenous materials into plant system for pest management is being followed since 
early years of twentieth century. Numerous studies on the tree injection have been done to explore the possibility of 
injecting chemicals into trees. Root feeding, stem or trunk injection have received significant results of nutrient and pest 
or disease management across the world. Owing to the  practical difficulties in foliar application of pesticides in tall 
trees like coconut, tree injection  became an alternative mode of pesticide delivery to target site. Although tree injections 
have some limitations, they also have some specific advantages over other methods of management such as minimized 
use of water and chemicals, reduction in the labour cost, effective management of target pests and environmental safety 
as non-target organisms can be protected from the effect of pesticides. Serious efforts are needed to standardizing of 
the technologies of administration for various chemicals under diverse environmental conditions to make it easy and 
ultimate for specify host plant / nutrient condition which cannot be properly addressed by other methods.
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INTRODUCTION

The injection of various exogenous materials into 
plants have been implemented as early in the middle of 
the twentieth century (Perry et al., 1991) and expanded in 
the 1970s. Early literatures show that supply of water to 
young transplanted trees through the cut end of the root 
was successful, thus suggested the possibility of injecting 
chemicals into trees (Cott, 1897). During 1910, tree 
injection with specific chemical, potassium ferrocyanide 
was reported for the control of insect pests (Sanford, 
1914; Shattuck, 1915). A review on ‘Methods of Tree 
Injection’ by May (1941) created interest for injection 
studies on plants. Gravitational method of liquid injection 
was reported to control the red palm weevil of coconut 
(Davis et al., 1954). Later the method of trunk injection 
with systemic insecticides has become an important 
practice against various insect pests that are difficult to 
control (Ginting and Desmier, 1987). During that period 
numerous studies on the tree injection have been done by 
North American researchers (Ferry and Gomez, 2013). 
A´cimovi´c et al. (2016) examined injection port damage 
and wound closure in apple trees. Similarly, Dalakouras 
et al. (2018) inspected the movement of hairpin and 
small-interfering RNAs in apple and grape trees. Uptake 
and translocation of antibiotics into the tree system was 
explored by Killiny et al. (2019). Berger and Laurent 
(2019) focuses on modern injection technologies and 

factors affecting the efficacy of chemicals. Leigh et al., 
(2022) reviewed the concepts of trunk injection method, 
physiological principles and concerns associated with 
the injection method. 

Considering the tree architecture of coconut, the palms 
have been exploited for pesticide administration through 
injection for management of different insect pests. 
Coconut palm, Cocos nucifera L. which belongs to family 
Arecaceae has been variously described as “console of the 
east”, “the tree of heaven”, the ‘Kalpavriksha’ because 
of its great versatility demonstrated for many domestic, 
commercial and industrial uses of its different parts like 
leaves, fruits, stem and roots. In India, coconut is grown 
under varied soil and climatic conditions in 17 States and 
3 Union Territories. The decrease in yields of coconut 
has been attributed to a number of factors consisting 
of biotic and abiotic factors. Among the biotic factors, 
the insect pests and mites are very important. Amongst 
foliage pests, coconut black headed caterpillar, Opisina 
arenosella Walker (Lepidoptera: Oecophoridae) is one 
of the major and serious pests of coconut palm in India, 
Srilanka, Bangladesh and Myanmar. The pest during its 
larval stage causes serious damage to the leaves of the 
palm. In case of severe infestation, several hundreds or 
thousands of larvae could be observed on a single palm 
and affected palm often take several years to recover 
completely (Ramkumar, 2002). 
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ABSTRACT:The melon borer, Diaphania indica (Saunders) (Lepidoptera: Pyralidae), is a serious pest of tropical and
subtropical cucurbitaceous vegetables. A suitable artificial diet is desirable for producing uniform insects for commercial
purposes or research. Four new artificial diets (D-1, D-2, D-3 and D-4) and bitter gourd, the natural host plant of D. indica,
were used for rearing D. indica, and the life parameters were compared. The results indicated that insects could complete a
full life cycle after 3 generations, only when the larvae were fed bitter gourd or the diet D-1.The new artificial diet, D-1 was
formulated based on bitter gourd leaves, Momordica charantia (L.) and chick pea, Cicer arietinum L. Developmental
parameters like egg hatching, larval duration and longevity of the adult reared on the D-1 artificial diet were found to be
significantly improved relative to the other three diets (D-2, D-3 and D-4), but were not significantly better than those reared
on the host-plant bitter gourd. However, the rearing efficiency (i.e., larval - pupal survival, developmental duration of pupa
and fecundity of adults,) on the D-1 diet was on par with the rearing efficiency on bitter gourd. There were no significant
changes in reproductive potential after five successive generations of rearing on the new diet. These results indicated that
the newly developed diet could serve as a viable alternative to bitter gourd plant for continuous rearing of D. indica.

Keywords: Diaphania indica, artificial diet, reproductive potential, mass production

INTROUCTION
Diaphania indica (Saunders) (Lepidoptera :

Pyralidae), known as melon borer, is one of the key pests
of cucurbitaceous vegetables like cucumber, muskmelon,
gherkin, bottle gourd, bitter gourd, snake gourd and so
on (Pandy, 1977; Ravi et al., 1998; Tripathi & Pandy,
1973, Segeren 1983, Viraktamath et al., 2003). D. indica
has been reported from South America, the Indian
subcontinent, Far East, South East Asia, the Pacific
islands, Australia, and Africa, as causing damage to one
or the other cucurbit round the year (Ke, Li, Xu &
Zheng, 1988; Peter & David, 1990; Ravi et al., 1997,
1998; Radhakrishnan & Natarajan, 2009, Capinera, 2001;
Peter & David, 1991). The larvae of D. indica feed on
flowers, leaves and fruits of cucurbits and cause 14% -
30% yield loss in different cucurbit crops (Jhala et al.,
2005; Singh and Naik, 2006). In order to make and
streamline pest control strategies, studies must be focused
on the biology, bionomics, behaviors, and ecology of the
pest. One has to coordinate these studies for the
availability of a nonstop and satisfactory supply of high
quality experimental insects. Development of artificial diet
has a distinct advantage in that the insect can be reared

throughout the year.There were not many serious
attempts to mass multiply D. indica in the laboratory.
However Ranganath et al. (2006) concentrated on
developing a cost-effective mass rearing techniques for
D. indica. Nevertheless, there are various issues related
to the artificial diet for the continuous rearing of this
species. The disadvantages include difficulty in the
accessibility of some of the components such as tender
gherk in fruit powder throughout the year and incapability
of the diet tosupport the egg and first instar development.
Therefore, artificial diet for this species should be
enhanced for nonstop rising in the laboratory to deliver
a large amount of uniform insects. Hence the point of
this study was to build up an artificial diet suitable for
the constant rearing of D. Indica without a loss of vigor
or reproductive potential.

MATERIALS AND METHODS
Experimental insects

A laboratory culture of D. indica was established in
the Bio control laboratory of Indian Institute of
Horticultural Research (ICAR-IIHR), Bengaluru, India
(12
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INTRODUCTION

Papaya (Carica papaya L.) is one of the most 
important fruits of tropical and subtropical regions of 
the world and belongs to family Caricaceae. India is the 
largest producer of papaya in the world. In India, it is 
commercially cultivated in Andhra Pradesh, Gujarat, 
Maharashtra, Karnataka, West Bengal, Assam, Orissa, 
Madhya Pradesh, Manipur, Tamil Nadu and Bihar and 
certain extent in Kerala. Papaya is affected by a number 
of diseases caused by various pathogens and viruses. 
Now a days the most destructive disease of C. papaya 
worldwide is papaya ring spot caused by papaya ring 
spot virus (PRSV) -type P Litz, (1984), Manshardt, 
(1992), a definitive potyvirus species in the Potyviridae 
(Shukla et al., 1994). PRSV is grouped into two types, 
Type P (PRSV – P) infects cucurbits and papaya and 
type W (PRSV-W) infects cucurbits but not papaya 
(Gonsalves, 1998). Almost all cultivated varieties are 
highly susceptible.  Carica cauliflora J., a wild species 
having non-edible fruits is known to be resistant for this 
viral disease (Jimenez and Horovitz, 1957). Now the 
species cauliflora has been grouped under the genera 
Vasconcellea (Vegas et al., 2003).

Incidence of PRSV has been reported to be more than 
90 per cent in India (Varma, 1996; Jagadish Chandra 
and Samuel, 1999) and rendering papaya orchards 

economically unviable (Hema and Theertha Prasad, 
2003). The results of the roving survey for papaya 
ringspot incidence in Karnataka revealed the presence 
of the disease in all the districts ranging from 75 to 100 
per cent except Udupi, Hassan and Kodaku (Kunkalilkar 
Suresh and Byadgi, 2004). In Tamil Nadu, the disease 
was first noticed in Coimbatore during 2003 (Jyoti 
Sharma et al., 2004). The present study was conducted 
to evaluate intergeneric F1 hybrids of papaya for their 
resistance to PRSV.

MATERIALS AND METHODS

Plant materials

Seedlings were artificially inoculated with papaya 
ring spot virus through artificial inoculation method. The 
seedlings showing initial resistance alone were taken to 
field for further evaluation. The details of the parents and 
F1 seedlings are presented in Table 1. 

Mechanical inoculation of PRSV toparents, F1 
progenies

One gram of infected leaves was ground in a 
pre-chilled mortar and pestle using 1 ml of 0.1M 
chilled sodium phosphate buffer (pH 7.2) containing  
β-mercaptoethanol and 0.01 M EDTA. The sap was rub 
inoculated using the pestle or glass rod on the young 
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leaves of seedlings at 3 leaves stage previously dusted 
with carborundum powder 600 meshes. After 5 minutes, 
the excess sap was washed off by distilled water.  The 
disease incidence and intensity score was given using 
the scale developed by Dhanam (2006). Details of the 
disease incidence and intensity score scale are presented 
in APPENDIX I.

Transplanting

Experiment was laid out in a Randomized Block 
Design with three replications. Forty five day old healthy 
seedlings along with parents (6 seedlings each) were 
planted at a spacing of 1.8 × 1.8 m and standard package 
of practices were followed during the period of study. 

Hybridity confirmation using ISSR markers

To confirm the hybridity of these intergeneric progenies, 
ISSR marker analysis was carried out using six CO 7 
x V. cauliflora, twenty three Pusa Nanha x V. cauliflora 
and seventy plants of CP50 x V.cauliflora. DNA from 
leaves of parents and F1 was carried out following CTAB 
method (Doyle and Doyle, 1987). PCR reaction was 
performed using 6 (ISSR) primers. PCR reaction was 
carried out in total volume of 10 μl in 96 tubes PCR 
plates. Following were the master mix of solution for 
one reaction. For ISSR primers, reagents of 10 X Taq 
buffer + MgCl2 (15 mM) on 1.0 μl, dNTP (2 mM )on 1.0 
μl, Primers 10µM 1.0 μl  (0.5μl each for combination), 
Taq polymerase ( 3 IU / μl) on 0.1 μl, Sterile double 
distilled water on 4.9 μl and Template DNA 10 ng / 
μl on 2 μl. Cycling profile- Touch down protocol was 
followed for all the primers. PCR cycles included initial 
denaturation at 94°C for 3 min followed by 19 cycles 
of 30 Sec (-0.5oC ) denaturation at 94°C, annealing at 
63°C for 30 sec and 1 min in extension at  72°C. Again 
19 cycles of 15 Sec denaturation at 94°C, annealing at 
55°C for 30 sec, 1 min in extension at 72°C, 10 min in 

final extension at 72°C and infinitive final hold at 4°C. 
Electrophoresis was performed in 1.5 per cent agarose 
with 120V for 2 hours.

Source of antiserum and positive sample: Antibody 
for PRSV and their positive samples were provided 
from DSMZ, Braunschweing, Germany. DAS-ELISA 
was performed for the detection of PRSV by following 
the manufacturer’s instructions (DSMZ Gmbh, 
Braunschweig, Germany). Purified IgG was diluted in 
coating buffer (1:1000) and 200 μl was added to each 
well of a micro titer plate (Grainer). The plates were then 
incubated at 37oC for 2 to 4 hours and thereafter plates 
were washed with PBS-T using wash bottle, soaked for 
a few minutes and repeat washing for twice. Plates were 
blotted by tapping upside down on tissue paper. 200 μl 
aliquots of the test sample (extracted in sample extraction 
buffer) were added to duplicate wells. The plates were 
incubated overnight at 4oC. The plates were washed as in 
earlier and added with 200 μl of the anti-virus conjugate 
(1:500) to each well and incubated at 37oC for 2 hours. 
Then the plates were washed three times as done earlier. 
Finally, 200 μl of freshly prepared substrate (10 mg 
ρ-nitro phenyl phosphate (Sigma 104-105) dissolved in 
10 ml of freshly prepared substrate buffer) was added to 
each well and incubated in dark at room temperature for 
20 to 45 minutes or as long as necessary to obtain clear 
reactions. Spectrometric measurement of absorbance 
was then read at 405 nm (EL 800, BIO-TEK Instrument 
Inc., and USA). The reaction was stopped by adding 50 
μl of 3 M NaOH. Buffer served as negative control.

RESULTS AND DISCUSSION

Screening of F1 progenies through artificial inoculation 
against PRSV under glass house conditions

In a perennial crop like papaya, field screening for 
diseases is very difficult since, it requires a larger area for 

Table 1. Scale of disease incidence and intensity score 

Reaction Intensity score Symptom

Apparently healthy (AH) 0-1 0 = No disease symptoms

Moderately resistant (MR) 1-2 1 = Slight mosaic on leaves
2 = Mosaic patches and / or necrotic spots on leaves

Moderately susceptible (MS) 2-3 3 = Leaves near apical meristem deformed slightly, 
yellow, and reduced in size

Susceptible (S) 3-4 4 = Apical meristem with mosaic and deformation

Highly susceptible (HS) >4 5 = Extensive mosaic and serious deformation of 
leaves, or plant death).

R. Jayavalli et al.
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planting. Hence, screening in glass houses in the nursery 
stage proved quick and rapid method. Observation 
for PRSV was done 27 days after inoculation. A total 
number of 29 seedlings in CO 7 x V.cauliflora, 55 plants 
in Pusa Nanha x V.caulifloraand 335 plants in CP50 x 
V.cauliflora were artificially inoculated with papaya 
ringspot virus through sap inoculation method. Typical 
PRSV symptom of mottling of leaves and water soaked 
lesions on stems were observed in the susceptible parents 
and the hybrids. Regarding the female parents, all were 
found to exhibit the virus symptoms uniformly after sap 
inoculation. Symptom free F1 hybrids were transplanted 
in the main field for further evaluation. The failures of 
PRSV symptoms to develop on the manually inoculated 
hybrid plants indicate the incorporation of genes resistant 
to PRSV (Table 1).  Further, the wild genus V. cauliflora 
was found to be completely resistant to the strain PRSV 
prevalent in Coimbatore area of Tamil Nadu, India 
(Manoranjitham et al., 2008).

Hybridity confirmed intergeneric hybrids

Three intergeneric hybrids of CO 7 x Vasconcellea 
cauliflora crosses out of six, eight intergeneric hybrids of 
Pusa Nanha x Vasconcellea cauliflora crosses out of 23 
and seven intergeneric hybrids of CP 50 x Vasconcellea 
cauliflora crosses out 70 were tested for hybridity. The 

primer UBC - 856 produced unique banding patterns 
inVasconcellea cauliflora (male parent) in which five 
bands were prominent, out of which third and fifth were 
absent in female parent (Fig. 1) but  present in CO 7 
xVasconcellea cauliflora (CO7V3).  The same primer 
produced distingusible band between Pusa Nanha 
xVasconcellea cauliflora (PNV9) which was used for the 
identification of true hybrid (Fig. 2).  In case of UBC- 
807 primer, one prominent band was observed in male 
parent which was absent in female parent but present in 
CP 50 xVasconcellea cauliflora (CPV23) hybrid (Fig. 3). 
These primers were helpful to identify F1

’s in cross CO 
7 xVasconcellea cauliflora, Pusa Nanha x Vasconcellea 
caulifloraand CP 50 x Vasconcellea cauliflora. The 
hybridity confirmed F1 plants were forwarded to F2. 

Ruas et al. (2003) used Inter-simple sequence repeat 
(ISSR) markers and successfully evaluated the genetic 
divergence among the eight Coffea species. To confirm 
the hybridity of intergeneric hybrids involving Carica 
papaya x V. cauliflora, Praveen (2005) also used ISSR 
markers and confirmed successfully.

ELISA titre value for parents and F1 hybrids

The Enzyme Linked Immunosorbent Assay (ELISA), 
a powerful immunological test (Clark and Adams, 

Fig. 1. ISSR Marker profile of parents and F1s Fig. 2. ISSR marker UBC 856 profile of parents and F1s

Fig. 3. ISSR marker profile of parents and F1s

Hybrid progenies of papaya for (PRSV) resistance
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1977), is extensively used for detecting, identifying 
and quantifying viruses in many plant species (Clark, 
1994). This test could be a component of a reliable 
method for screening C. papaya x C. cauliflora hybrid 
plants for PRSV resistance. In this study, the resistance 
of the hybrids and parents was assessed by serological 
test. Parents and their hybrids viz., CO 7 x V.cauliflora, 
Pusa Nanha x V.cauliflora and CP50 x V.cauliflora were 
subjected to DAS- ELISA test. Parents and F1 progenies 
involving CO 7 and Vasconcellea cauliflora were 
subjected to DAS- ELISA test. ELISA titre value varied 
from 0.216 to 0.972. Among the parents, the resistant 
male parent Vasconcellea cauliflora had recorded the 
lowest titre value of 0.216. However, the susceptible 
female parent CO 7 recorded the highest titre value of 
0.972, followed by PusaNanha (0.952) and CP 50 (0.942).  
Among the hybrids involving CO7 and Vasconcellea 
cauliflora, ELISA titre value varied from 0.243 to 0.266 
(Table 3). Among them, the cross combination CO7V3, 
confirmed hybrid through molecular markers, was found 
to record the lowest titre value of 0.243 followed hybrid 
CO7V5 (0.245) and CO7V6 (0.247).

Among the hybrids involving PusaNanha x 
V.cauliflora, ELISA titre value varied from 0.218 to 
0.286 (Table 2).Among the hybrid combinations, the 
combinations PNV3 and PNV9 recorded the lowest titre 
value of 0.218 followed by PNV1 (0.219), PNV6 (0.220), 

PNV11 (0.220), PNV8 (0.222) and PNV13 (0.223). All 
the above said hybrid combinations were confirmed as 
true hybrids through molecular marker studies.

Among the hybrids involving CP50 x V.cauliflora, 
ELISA titre value varied from 0.218 to 0.299 (Table 3). 
Among them, the cross combination CPV23 a confirmed 
hybrid through molecular markers, was found to 
record the lowest titre value of 0.218 followed by other 
confirmed hybrids viz., CPV56 (0.219), CPV39 (0.220), 
CPV31 (0.221), CPV1 (0.222), CPV26 (0.226) and 
CPV12 (0.232).

The results revealed that the lowest value of 0.216 
was recorded by the resistant male parent.V. cauliflora 
however; all the female parents used for this study 
recorded very high titre values proving their susceptibility. 
Manoranjitham et al. (2008) reported that V.cauliflora 
registered the lowest titre value which clearly indicated 
its natural resistance to PRSV. They also reported that 
V.cauliflora is resistant to all the strains of PRSV which 
are prevalent in Coimbatore conditions. 

Among the parents, the gynodioecious female parent 
CO7 was found to be highly susceptible than the other 
two dioecious female parents i.e. Pusa Nanha and 
CP 50.Thirugnanavel (2010) also reported that tolerant 
genotypes recorded the lower ELISA absorbance value than 

Table 2.  Screening of F1 progenies through artificial inoculation against PRSV under glass house conditions

Parents / Hybrids

Total 
number 
of plants 

inoculated

Disease scoring (number of plants in each 
category)

Number of 
plants without 
symptom 27 
days after 

inoculation
0 1 2 3 4 5

CO 7 5 0 0 0 0 0 5 0

Pusa Nanha 5 0 0 0 0 0 5 0

CP 50 5 0 0 0 0 0 5 0

Vasconcellea cauliflora 5 5 0 0 0 0 0 5

CO 7 x Vasconcellea 
cauliflora 

29 6 0 0 0 10 13 6

Pusa Nanha 
xVasconcelleacauliflora 55 23 0 0 0 15 17 23

CP 50 x Vasconcellea 
cauliflora

335 70 0 0 0 100 165 70

R. Jayavalli et al.
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Table 3. ELISA titre value for parentsand F1 population involving CO7 (apparently free from PRSV after 
inoculation) 

Parents and their 
hybrids

OD 
value at 
405nm

Parents and their 
hybrids

OD 
value at 
405nm

Parents and their 
hybrids

OD 
value at 
405nm

Vasconcellea cauliflora 0.216 Vasconcellea cauliflora 0.216 Vasconcellea cauliflora 0.216

CO 7 0.972 Pusa Nanha 0.952 CP 50 0.942

Buffer 0.102 Buffer 0.102 Buffer 0.102

CO7V3 0.243 PNV1 0.219 CPV1 0.222

CO7V5 0.245 PNV3 0.218 CPV12 0.232

CO7V6 0.247 PNV6 0.220 CPV23 0.218

PNV8 0.222 CPV26 0.226

PNV9 0.218 CPV31 0.221

PNV11 0.220 CPV39 0.220

PNV13 0.223 CPV56 0.219

Fig. 4.  Field view of intergereric F1 hybrids

Hybrid progenies of papaya for (PRSV) resistance
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the susceptible ones. Among the genotypes tested, tolerant 
genotype CP 50 recorded the lowest value of 0.187 at 
flowering and 0.198 at harvest.

In the present study, the cross combinations viz., C7V3, 
CO7V5 and CO7V6 were recorded the lowest titre values. 
Similarly the crosses namely PNV1, PNV3, PNV6, PNV8, 
PNV9, PNV13 and PNV21 were observed the lowest titre 
values. CP50 x V.Cauliflora progenies viz., CPV1, CPV12, 
CPV23, CPV26, CPV31, CPV39 and CPV56 were recorded 
the lowest titre values proved their tolerance to this virus . 
This observation confirms the earlier report of Manshardt 
(1992) who studied the intergeneric hybrids involving 
C.cauliflora x C.papaya hybrids. Similar studies using 
ELISA test had been conducted previously to identify 
PRSV-P infected C. papaya (Gonsalves and Ishii, 1980; 
Thomas and Dodman, 1993).

Reaction of parents and F1 hybrids after transplanting 
under field conditions

The study revealed varied levels of tolerance for 
PRSV by the parents and their hybrids (Figure 4).  All the 
hybrids which were artificially inoculated with PRSV, 
but not showing virus symptoms, and their parents the 
male parent V.Cauliflora  was not showed the PRSV 
symptoms  but the female parents CO7 , Pusa Nanha  and  
CP50 showing virus symptoms in the main field. This 
may be due to the fact that tolerance is affected by many 
factors including inherent genetics, time of infection and 
climatic conditions (Vimla Singh et al., 2005).

CONCLUSION 

Based on the disease intensity score, reaction to the 
papaya ringspot virus and yield performance, selected 
F1 combinations viz., CO 7 x Vasconcellea cauliflora 
(CO7V3), Pusa Nanha x Vasconcellea cauliflora (PNV9) 
and CP 50 x Vasconcellea cauliflora (CPV23) were 
advanced to F2   generations.
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