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Abstract

Melon is one of the important cucurbitaceous crops being cultivated widely in India and
known for its delicious fruits. Crop is threatened by different biotic stresses including nema-
todes, fungi and viruses. The use of host resistance is the most economical, eco-compatible
and long-lasting strategy to combat plant diseases. Keeping in mind this objective, 64
melon genotypes were screened against the prevalent Meloidogyne incognita, Fusarium oxy-
sporum and tomato leaf curl Palampur virus (ToLCPalV) individually as well as with com-
bined inoculations under artificial conditions. Out of 64 genotypes, three genotypes, MCPS,
SM2012-1 and WM11 were found moderately resistant to M. incognita, nine genotypes
(MM-KP15103, MM327, MM121103, KP4HM15, MM Sel.-103, SM2013-2, SM2012-1,
SM2013-9 and WM11) recorded a resistant reaction against Fusarium wilt while four geno-
types, WM11, SM2012-1, SM2013-9 and SM2013-2 exhibited a highly resistant reaction
against ToLCPalV. A dendrogram constructed based on the resistance response of all the gen-
otypes divided the genotypes into two groups and all resistant genotypes (MM1804,
MM120103, SM2012-1, MM121103, SM2013-2, SM2013-9, WM11 and MM Sel.103) clus-
tered in group II. The resistant genotypes when subjected to simultaneous inoculations of
all three pathogens showed an increase in disease severity for each pathogen which negatively
altered the resistance response of different genotypes. However, the genotypes SM2012-1,
SM2013-9, SM2013-2 and WM-11 showing multiple disease resistance exhibited a good
level of resistance even after combined inoculations of three pathogens. This study is the
first to our knowledge identifying multiple disease resistance against root-knot nematode,
Fusarium wilt and tomato leaf curl Palampur virus in muskmelon.

Introduction

Melon (Cucumis melo L.) is a highly cherished cucurbitaceous crop, cultivated for its sweet
and flavourful fruit. The crop has a considerable area under cultivation in tropical and sub-
tropical parts of the world. The total production of melons throughout the world is 28.46 mil-
lion tonnes (FAOSTAT, 2020). India ranked third in production (1.33 million tonnes),
growing over an area of 59000 ha (FAOSTAT, 2020). The melon crop is very sensitive and
its sustainable production is threatened by different pests and pathogens including, root-knot
nematodes (RKNs), Fusarium wilt and begomovirus(s). Under Punjab conditions, the musk-
melon crop remains in the field from the month of March until June and during this period
the average temperature varies from minimum 19.92–26.76 °C to maximum 22.73–43.28 °C.
The incidence of RKN and fusarium wilt increases as the temperature starts rising from
February onwards. Further, as the population of whiteflies (virus vector) begins to increase
due to warmer temperatures, the begomovirus incidence also starts appearing.

RKNs of the Meloidogyne genus are reported to cause more than 30% yield losses in highly
susceptible vegetable and fruit crops including melons (Sikora and Fernandez, 2005). These
nematodes cause intensive galling on the soft roots of melon plants and hamper the uptake
of water and nutrients. The galled roots become more prone to other soil-borne pathogens
due to the mechanical injuries caused to the roots because of penetration by the nematode lar-
vae and due to alerting host physiology because of nematode feeding (Francl and Wheeler,
1993). Besides RKNs, a soil-inhabiting fungal pathogen, Fusarium oxysporum is another
major constraint in melon production which may cause yield losses up to 90% in the worst
affected area (Chattopadhyay and Sen, 1996). The pathogen colonizes the roots of the plant
which is then followed by its extensive growth in the xylem vessels leading to wilting and
then eventually death of the plant (Oumouloud et al., 2013). The nematode-infected melon
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roots are easily invaded by the F. oxysporum forming disease com-
plexes that become difficult to manage and cause serious losses to
the farmers (Dhami et al., 2022).

In addition to soil-borne pathogens, different species of bego-
movirus (ssDNA virus), including melon chlorotic leaf curl virus,
squash leaf curl virus, watermelon chlorotic stunt virus, tomato
leaf curl New Delhi virus, tomato leaf curl Palampur virus, trans-
mitted by whiteflies Bemisia tabaci are prevalent and associated
with melons (Brown et al., 2001; Hagen et al., 2008; Sufrin-
Ringwald and Lapidot, 2011; Sobh et al., 2012; Venkataravanappa
et al., 2021). Dhkal et al. (2020a, 2020b) reported tomato leaf
curl Palampur virus and tomato leaf curl New Delhi virus infecting
melon crops in India. Recently, Dhami et al. (2023) identified
ToLCPalV infecting melon crop in Indian Punjab. The viruses pro-
duce different types of symptoms, including mosaic and yellowing
in young leaves coupled with leaf curling, reduced internodal
length, vein swelling and roughness of fruit skin and fruit may
show longitudinal lesions and cracks (Mnari-Hattab et al., 2015).
The virus-infected plants remain stunted and weak as compared
to the healthy plants and considerable yield losses are endured.

In the field, the melon crop is affected by all three pathogens
(Meloidogyne spp., Fusarium and begomoviruses) during the crop-
ping season, resulting in economic losses. Moreover, the interaction
effect of these pathogens has been reported to cause a greater
reduction in growth parameters and enhanced the disease severity
as compared to the infection caused by them individually (Dhami
et al., 2022). In the present scenario of restricted application of che-
micals due to harmful effects on the environment and society, the
utilization of natural host resistance has been the most effective, sus-
tainable and economical strategy for integrated diseasemanagement.
Considering the importance of the crop and damage caused by these
pathogens, in this study, melon genotypes were screened for resist-
ance against RKN, M. incognita, F. oxysporum f. sp. melonis and
tomato leaf curl Palampur virus prevalent under Indian Punjab con-
ditions. A set of melon genotypes comprising popular cultivars and
germplasm/breeding lines with promising horticultural traits gener-
ated through a conventional muskmelon breeding programme at the
Department of Vegetable Science, Punjab Agricultural University
(PAU), Ludhiana were used in this study. To our knowledge, this is
the first attempt to identify multiple disease resistance against these
pathogens in muskmelon.

Materials and methods

Germplasm resources and experimental site

A total of 64 melon genotypes, belonging to different horticultural
groups and possessing distinct fruit traits were selected for the
present study (online Supplementary Table S1). The experiments
were conducted at Research Farm, Department of Vegetable
Science, Punjab Agricultural University, Ludhiana, during the
months of March to June in the year 2019 and were repeated dur-
ing the same months in the following year 2020. The average
maximum and minimum temperature were 31.4 and 16.78 oC
during the year 2019 and 30.08 and 17.96 oC respectively during
the year 2020. The genotypes were screened individually against
RKN, M. incognita, F. oxysproum f. sp. melonis and tomato leaf
curl Palampur virus (ToLCPalV) under artificial conditions and
the promising genotypes showing resistance to individual patho-
gens were then screened again by inoculating all three pathogens
simultaneously to see their combined effect on host resistance.
The melon cultivar, ‘Punjab Sunehri’ which was susceptible to

M. incognita, F. oxysproum and tomato leaf curl Palampur virus
was used as a standard susceptible check.

Screening against root-knot nematode (Meloidogyne
incognita)

Seeds of all the melon genotypes including susceptible check
(Punjab Sunehri) were sown in plastic plug trays filled with steam-
sterilized coco-peat, perlite and vermiculite mixture in 3:1:1 ratio.
At the 3–4 leaf stage, ten plants of each genotype were trans-
planted in eight-inch diameter pots (two plants per pot) filled
with steam-sterilized soil. After one week of transplanting, when
plants were established, inoculations were performed with freshly
hatched second-stage juveniles maintained in pure culture at two
juveniles per gram of soil making holes with the help of a glass
rod near the roots of the plant. Five replications were maintained
for each line along with a susceptible check. Plants were watered
regularly and properly maintained. After 50 days of inoculations,
observations were recorded on the number of knots per root sys-
tem, number of egg masses per root system and the root-knot
index was calculated as per the (0–5) scale as per Taylor and
Sasser (1978), where RGI 1 = 0 galls/eggs per root, 1 = 1–2 galls/
eggs per root, 2 = 3–10 galls/eggs per root, 3 = 11–30 galls/eggs per
root, 4 = 31–100 galls/eggs per root, 5 =more than 100 galls/eggs
per root. Each genotype was categorized as resistant or susceptible
as per the category index based on RGI, where RGI 0 = immune,
1 = resistant; 2 =moderately resistant; 3 =moderately susceptible;
4 = susceptible; 5 = highly susceptible. The final RKN population
was estimated at the end of the experiment in a 250 cc soil sample
taken from individual pots and washed using modified Cobb’s siev-
ing and decanting method (Whitehead and Hemming, 1965). The
reproduction factor (Rf) was calculated as the ratio of the final nema-
tode population to the initial nematode population (Rf = Pf/Pi).

Screening against Fusarium oxysproum f. sp. melonis

The same set of 64 melon genotypes along with a susceptible check
(Punjab Sunehri) was sown in plastic plug trays filled with steam-
sterilized coco-peat, perlite and vermiculite mixture in 3:1:1 ratio.
Twenty seeds were sown for each genotype and 3–4 leaf stage seed-
lings were inoculated with a pure culture of F. oxysproum f. sp. mel-
onis taken from the Department of Plant Pathology, Punjab
Agricultural University, Ludhiana. The pure culture was multiplied
on steam-sterilized sand and chickpea medium contained in 500
ml flasks. For the preparation of spore suspension, chickpea and
sand medium was meshed and dissolved in double-distilled water.
Spore concentration was determined by using a haemocytometer
and adjusted to approximately 1 × 106 spores/ml by diluting with
sterile distilled water. The inoculations were done at 1 × 106 spores
of F. oxysproum f. sp. melonis per 1 ml of water at the 3–4 leaf stage
of the plants. Plantswere inoculated artificially by injecting spore sus-
pension in the root zone of the seedlings in the plugged trays (Boyhan
et al., 2001). Plants were properly maintained and watered as
required. The categorization of all the genotypes as resistant or sus-
ceptible was done on the basis of final observations taken 21 days
post-inoculation using a 0–5 scale given by Zhang et al. (2008) for
seedling stage screening, where 0 = all plants alive (highly resistant);
1 = one cotyledon leaf becomes yellow (resistant); 2 = two cotyledon
leaves becomeyellow (moderately resistant); 3 = two cotyledon leaves
and one true leaf becomeyellow (moderately susceptible); 4 = wilting
from stem end (susceptible); 5 = dead plant (highly susceptible).
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The melon seedlings with different symptom grades produced
by the F. oxysproum f. sp. melonis have been shown in online
Supplementary Fig. S1. The per cent disease index was also com-
puted by using the following formula:

Per cent disease index (PDI)

= The total sum of numerical ratings
Total number of plants×Maximum disease grade

× 100

Screening against tomato leaf curl Palampur virus

A similar set of genotypes was screened against begomovirus and
tomato leaf curl Palampur virus (ToLCPalV). The plants of the
susceptible melon cultivar, ‘Punjab Sunehri’ infected with
ToLCPalV virus, maintained in an insect-proof cage were used
as a source of inoculum. Tomato leaf curl Palampur virus was
confirmed by PCR amplification of total DNA extracted from
the leaves of virus-infected plants using ToLCPalV-specific pri-
mers (Palampur F and Palampur R) (Personal communication,
Yogesh Kumar, IHBT, Palampur, Himachal Pradesh, India).
The DNA extraction was done with the cetyl tri-methyl ammo-
nium bromide (CTAB) method (Lodhi et al., 1994). For inocula-
tions, non-viruliferous whiteflies (B. tabaci) (maintained on
cotton, Gossypium hirsutum L. grown in 10 × 6 cm size plastic
pots kept in an insect-proof greenhouse) were collected using
an aspirator and were released into the plastic bottle cage made
by cutting the bottom end of bottles and replaced by white muslin
cloth. A branch of an infected melon plant (grown in a pot) was
inserted into the bottle containing non-viruliferous whiteflies and
the narrow mouth of the bottle was closed using a cotton plug.
These whiteflies were allowed to feed for an acquisition access per-
iod of 24 h. After the acquisition period was over, the viruliferous
whiteflies were collected and used for the artificial screening of
the genotypes. Ten seeds of each genotype were sown directly in
pots kept inside the insect-proof cage and seedlings were inoculated
twice at weekly intervals at 3–4 leaf stage with ten viruliferous
whiteflies per seedling. Observations were taken regularly for symp-
tom appearance up to 6 weeks. Disease severity grade was given to
each plant on a 0–5 scale given by Dhkal (2018) (as given below)
and the per cent disease index was calculated for each genotype.

Symptoms

Symptom
severity
grade

Percent
Disease
Index (%) Disease reaction

Symptomless 0 0 Highly resistant
(HR)

Pin-head-sized
chlorotic spots

1 0.1–5 Resistant (R)

Mild mosaic and
blistering

2 5.1–20 Moderately
resistant (MR)

Blistering and
misshapen leaf

3 20.1–50 Moderately
susceptible (MS)

Severe yellows and
blistering

4 50.1–75 Susceptible (S)

Severe curling of leaf,
yellow vein mosaic
and chlorosis small
flowers and no
healthy or small fruit
set

5 >75 Highly susceptible
(HS)

Six weeks after inoculation, the DNA from all the genotypes
was extracted using the same method mentioned above and sub-
jected to PCR amplification with the same primer to observe the
presence or absence of the TolcPalV.

Screening of selected melon genotypes for multiple disease
resistance

Based on the screening against individual pathogens, 14 melon
genotypes showing varying degree of resistance against individual
pathogens were selected and further screened for disease reaction
to M. incognita, F. oxysporum and ToLCPalV by inoculating all
three pathogens simultaneously. Twenty seeds of each selected
genotype were sown in pots (two seeds per pot) containing ster-
ilized autoclaved soil and kept inside an insect-proof cage.
Simultaneous inoculations of M. incognita, F. oxysporum f. sp.
melonis and ToLCPalV were done at the 4–5 true leaf stage.
Inoculation of M. incognita and ToLCPalV was done using the
same techniques as described earlier in the screening of genotypes
against these pathogens individually. However, F. oxysporum f. sp.
melonis was inoculated by mixing sand-chickpea media mass cul-
ture of the fungus at the rate of 10 g per kilogram of the soil in the
rhizosphere. The observations on RGI and per cent virus disease
index were recorded 45 days after inoculation as described earlier,
while the Fusarium wilt disease severity was recorded as per the
(0–4) scale given by Kaur (2005) for full-grown plants, where
0 = no disease (highly resistant); 0.1–1.0 = stunting (resistant);
1.1–2.0 = yellowing (moderately resistant); 2.1–2.0 = necrosis (sus-
ceptible); >3.0 = wilting (highly susceptible).

Statistical analysis

The average of the data recorded on disease parameters during both
years was used to calculate the standard errors of means using
Microsoft Excel 2010. The mean disease severity grade of the
melon genotypes against all three pathogens inoculated individually
was used to generate a dendrogram and heat map of the melon
germplasm under the present study using R-Studio software.

Results

Screening against root-knot nematode (M. incognita)

Screening of melon genotypes against M. incognita revealed that
out of 64 genotypes, three genotypes viz., MCPS (RGI = 2.0;
Rf = 1.06), SM2012-1 (RGI = 1.89; Rf = 1.01) and WM11
(RGI = 2.0; Rf = 1.09) were found moderately resistant to
M. incognita (online Supplementary Table S2 and Table 1).
Eight genotypes viz., MM120103, MM3964, SM2013-9,
MM121103, MM Sel.-103, MM720-2, CTN 1820 and MM1804
were found moderately susceptible with RGI ranging from 2.22
to 2.89 and Rf ranging from 1.13 to 1.34. Among others, eight
genotypes (MM608, MM403, Punjab Sunehri, MM617, MM619,
MM Var.-2, KP4HM15 and Rio Gold) were found highly suscep-
tible (RGI = 4.11–4.56; Rf = 1.50–1.97) and all other genotypes
exhibited susceptible reaction to M. incognita. The roots of mod-
erately resistant genotypes were comparatively healthy with a
lesser number of galls and egg masses (Fig. 1a).

Screening against F. oxysporum f. sp. melonis

The same set of 64 melon genotypes when screened against
F. oxysporum f.sp. melonis revealed nine genotypes comprising
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Table 1. Reaction of melon genotypes against root-knot nematode (Meloidogyne incognita)

Genotypes
No. of
genotypes

No. of galls per
root system

Category index
(0–5 scale) Reaction

– Nil 0 0 Immune

– Nil 1–2 0.1–1.0 Resistant

MCPS, SM2012-1, WM11 3 3–10 1.1–2.0 Moderately
resistant

MM120103, MM3964, SM2013-9, MM121103, MM Sel.-103, MM720-2,
CTN1820, MM1804

8 11–30 2.1–3.0 Moderately
susceptible

MM610, MM607, MS-5, Bobby F1 Hybrid, MM902-1, MM904, Hara Madhu,
MS-1, MM681, MM10316, MM621, MH-41, Pusa Sharbati, MM672-1,
MM675-3, MM201, MM Var.-1, DP Sel.-1, MM675, MM703, SM2013-2,
MM677, MM625, MM916-1, MM-KP15103, MM1805, MM327, MM1831,
MM1903, MH-51, MM604, Pusa Madhuras, MM721, MM4216, MM331,
MM676-1, MM911, CY2012-21, MM4305, MM673-3, Punjab Hybrid,
MM1803, Inthanon F1 Hybrid, MM603, MM616

45 31–100 3.1–4.0 Susceptible

MM608, MM403, Punjab Sunehri, MM617, MM619, MM Var.-2, KP4HM15,
Rio Gold

8 More than 100 4.1–5.0 Highly
susceptible

Figure 1. Melon genotypes with different levels of resistance to M. incognita, F. oxysporum f. sp. melonis and tomato leaf curl Palampur virus. (a) Roots of mod-
erately resistant genotypes (SM2012-1 and WM-11) showing few root galls while highly susceptible genotype Rio Gold exhibiting numerous galls on the roots due to
root-knot nematode infestation; (b) Fusarium wilt resistant genotypes (MM sel.103, SM2012-1 and WM-11) showing healthy green plants while susceptible (MM1805)
showing wilting; (c) agarose gel (1%) showing amplicon of 875 bp with ToLCPalV-specific primers (C – positive control, M – marker1000 bp) and resistant genotypes
(WM-11 and SM2012-1) showing symptomless healthy plants and highly susceptible genotype (Rio Gold) showing curling and yellowing of leaves.
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five muskmelon genotypes (MM-KP15103, MM327, MM121103,
KP4HM15, MM Sel.-103), three snap melon genotypes
(SM2013-2, SM2012-1 and SM2013-9) and one wild melon geno-
type (WM11) with resistant reaction to F. oxysporum f. sp. melonis
with a disease severity grade ranging from 0.5 to 1.0 (online
Supplementary Table S2 and Table 2; Fig. 1b). Sixteen genotypes
(MM607, MM608, MM327, MM120103, MH-41, MM103616,
MM3964, MM675-3, MM201, MM1804, DP Sel.-1, MM703,
MH-51, MM911, MM4305 and MM Var.-2) exhibited a moderate
level of resistance with a disease severity grade ranging from 1.3 to
1.9. Among others, 13 genotypes viz., Bobby F1 Hybrid, MM403,
MM616, Hara Madhu, MM621, MM672-1, var.-1, MM675,
MM1831, Pusa Madhuras, CY2012-21, Punjab Hybrid and
MM720-2 were found moderately susceptible to F. oxysporum
f.sp. melonis with disease severity grade varying from 2.4 to 3.0.
Whereas, 22 genotypes were found susceptible and five genotypes
were found highly susceptible to F. oxysporum f.sp. melonis.

Screening against tomato leaf curl Palampur virus (ToLCPalV)

The PCR amplification of the DNA extracted from the virus-
infected melon plants maintained for inoculations showed a
DNA product of 875 bp confirming the presence of tomato leaf
curl Palampur virus (Fig. 1c). Out of total 64 melon genotypes
screened, a wild melon genotype WM11 and three snap melon
genotypes, SM2012-1, SM2013-9 and SM2013-2 were found
highly resistant to tomato leaf curl Palampur virus and did not
show any symptoms (Fig. 1c). Four genotypes (KP4HM15, MM
Sel.-103, MH-41 and MM-KP15103) were found resistant with
disease severity ranging from 0.1 to 5.0%. Genotypes viz., Pusa
Madhuras, MH-51, MM120103 and MM121103 recorded moder-
ately resistant reactions with disease severity ranging from 5.1 to
20%. Among others, eight genotypes (MM610, MS-5, MM681,
Pusa Sharbati, MM103616, MM1804, DP Sel.-1 and MM1903)
were moderately susceptible with disease severity ranging from
20.1 to 50% and 22 genotypes were highly susceptible with disease
severity more than 75%. All other genotypes exhibited susceptible
reaction with disease severity ranging from 50.1 to 75% (online
Supplementary Table S2 and Table 3). However, PCR analysis
of the DNA isolated from the symptomless as well as

symptomatic genotypes gave PCR amplification of TolcPalV con-
firming its presence in all the genotypes.

A dendrogram and heat map generated based on the reaction
of all the 64 genotypes of melon resulted in the clustering of the
genotypes in two broad groups denoted as the group I and group
II (Fig. 2). Group I was comprised of a total of 51 genotypes
which further segregated into two sub-clusters Ia and Ib. The sub-
cluster Ia contained 23 genotypes that were susceptible or highly
susceptible to one of the pathogens but were either moderately
resistant or moderately susceptible to the other two pathogens.
Group Ib comprised 27 genotypes most of which were susceptible
or highly susceptible to all three or at least two pathogens under
study. Group II included 13 genotypes that were resistant to all
three pathogens or were moderately resistant or resistant to at
least two pathogens.

Screening of selected genotypes for multiple disease resistance

Fourteen melon genotypes showing varying degrees of resistance
against M. incognita, F. oxysporum f.sp. melonis and tomato leaf
curl Palampur virus during artificial screening against the individ-
ual pathogen, were selected and screened for disease resistance by
simultaneously inoculating all three pathogens. As per the data
recorded in Table 4, it was found that the melon genotypes
SM2012-1 and WM11 showed a moderately resistant reaction
(RGI = 2.0) against RKN when inoculated only with M. incognita
alone, but during simultaneous inoculation of the nematode with
Fusarium and ToLCPalV, they showedmoderately susceptible reac-
tion (RGI = 2.3 and 2.5). Among others, genotypes showing mod-
erately susceptible reaction (MM720-2, MM121103, MM120103)
and susceptible reaction (MH-41, SM2013-2, MM721, MM672-1,
MM-KP15103) during individual screening against nematode
exhibited the same reaction even during the simultaneous inocula-
tion of RKN, Fusarium and virus; however, their root gall index was
slightly on the higher side during simultaneous inoculation. The
three highly susceptible genotypes showed a susceptible reaction
with a slight decrease in RGI during the simultaneous inoculation
of three pathogens and showed a susceptible reaction.

Irrespective of the inoculation method and associated disease
severity scale, the disease reaction of genotypes to fusarium wilt

Table 2. Reaction of melon genotypes showing different levels of resistance against Fusarium oxysporum f.sp. melonis

Genotypes
No. of
genotypes Symptoms

Disease severity
grade (0–5 scale)

Disease
reaction

– Nil No disease, all alive 0 Highly resistant

MM-KP15103, MM327, MM121103, MM Sel.-103, KP4HM15,
SM2012-1, SM2013-2, SM2013-9, WM11

9 One cotyledon leaf
becomes yellow

0.1–1.0 Resistant

MM607, MM608, MM120103, MH-41, MM103616, MM120103,
MM3964, MM675-3, MM201, MM1804, DP Sel.-1, MM703, MH-51,
MM911, MM4305, MM Var.-2

15 Two cotyledon leaves
become yellow

1.1–2.0 Moderately
resistant

Bobby F1 Hybrid, MM403, MM616, Hara Madhu, MM621,
MM672-1, MM Var.-1, MM675, MM1831, Pusa Madhuras,
CY2012-21, Punjab Hybrid, MM720-2

13 Two cotyledon leaves
and one true leaf become
yellow

2.1–3.0 Moderately
susceptible

MM610, MS-5, MM902-1, CTN1820, MM904, MS-1, MM681, MCPS,
Punjab Sunehri, MM916-1, MM1805, MM1903, MM604, MM619,
MM721, MM4216, MM1803, Inthanon F1 Hybrid, MM603, MM331,
MM676-1, Rio Gold

22 Wilting from stem end 3.1–4.0 Susceptible

Pusa Sharbati, MM677, MM617, MM625, MM673-3 5 Dead 4.1–5.0 Highly
susceptible
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was elevated under simultaneous inoculation of all three pathogens.
Genotypes, KP4HM15, SM2013-9, SM2013-2, MM-KP15103 and
MM121103 were observed to become moderately resistant to fusar-
ium wilt under simultaneous inoculation, whereas these genotypes
showed resistant reaction when inoculated with F. oxysporum f.sp.
melonis alone. The other two resistant genotypes WM11 and
SM2012-1 showed resistant reactions even during simultaneous
inoculations; however, the disease severity grade was increased
from 0.5 to 0.8 in WM11 and from 0.6 to 0.8 in genotype
SM2012-1. The moderately resistant genotype, MM120103 showed
a moderately susceptible reaction after combined inoculation of all
three pathogens. Susceptible genotypes (Rio Gold, MM721 and
MM619) and two moderately susceptible genotypes (MM672-1
and MM720-2) became more vulnerable and produced highly sus-
ceptible reactions to fusarium wilt, under the effect of simultaneous
inoculation of RKN, Fusarium and ToLCPalV.

For ToLCPalV, disease severity was found to be slightly higher
when the virus was inoculated with RKN and Fusarium simultan-
eously. Two highly resistant genotypes (SM2013-9 and
SM2012-1) and three resistant genotypes (KP4HM15, MH-41
and MM-KP15103) showed a moderately resistant reaction.
However, two highly resistant genotypes (WM-11 and SM2013-
2) showed resistant reactions even under the influence of all
three pathogens. MM121103 maintained the moderately resistant
disease reaction but MM120103 became moderately susceptible
from moderately resistant. Highly susceptible genotypes
(Rio Gold, MM721 and MM619) and susceptible genotypes
(MM720-2 and MM672-1) exhibited severe symptoms and gave
highly susceptible disease reactions.

Discussion

The present study demonstrated the identification of muskmelon
genotypes with multiple disease resistance against M. incognita,
F. oxysporum f.sp. melonis and ToLCPalV. It was observed that
during the screening for each pathogen individually, out of a
total 64 genotypes, three genotypes comprising a snap melon
genotype (SM2012-1), a wild melon genotype (WM-11) and
melon genotype, MCPS were found with moderate levels of resist-
ance against M. incognita. Most of the other genotypes showed
moderately susceptible to highly susceptible reactions against the

nematode. For fusarium wilt, one melon genotype (KP4HM-15),
three snap melon genotypes (SM2013-2, SM2012-1 and SM2013-
9) and one wild melon genotype (WM11) showed resistant reaction
while others exhibited a moderate resistance to the susceptible reac-
tion against the fungus. Three snap melon genotypes (SM2012-1,
SM2013-9 and SM2013-2) and one wild melon genotype (WM11)
also showed a high level of resistance against ToLCPalV; while geno-
types, KP4HM15, MM Sel.-103, MH-41 and MM-KP15103 showed
resistant reactions against the ToLCPalV.

Almost all the cultivated cucurbits are susceptible to RKNs and
it is very infrequent to get complete resistance against RKNs in
cultivated cucurbit species, especially C. melo and C. sativus
(Siguenza et al., 2005; Mukhtar et al., 2013). However, resistance
to Meloidogyne spp. has been reported in different accessions of
the wild species of the genus Cucumis viz., C. africanus, C. angu-
ria, C. metuliferus, C. myriocarpus, C. moschata, C. postulatus,
C. subsericeus and C. zeyheri (Fassuliotis, 1970; Punja et al.,
2001; Walters et al., 2006; Pofu and Mashela, 2011; Guan et al.,
2014; Liu et al., 2015; Expósito et al., 2017). Apart from these,
Indian snap melon landraces, i.e. C. melo var. momordica com-
monly known as ‘Phut’ are reported to possess resistance or tol-
erance against different biotic (fungal and viral diseases,
nematodes and insect pests) and abiotic stresses (drought, soil sal-
inity and high temperature) (Dhillon et al., 2014). A high level of
resistance against RKN has been reported in snap melon acces-
sion IC 274023 by Dhillon et al. (2007). Roy et al. (2012) reported
that among the 43 wild melon accessions screened against RKN,
two accessions (WM 8 and WM 16) showed segregation for
nematode resistance. Indian snap melons are also reported to pos-
sess varying levels of resistance to distinct groups of viruses. Sáez
et al. (2017) reported resistance to begomovirus, tomato leaf curl
New Delhi virus in C. melo var. momordica and wild melon
C. melo var agrestis genotypes. Dhkal in 2018 also reported resist-
ance against tomato leaf curl Palampur virus in melon genotypes,
WM11, KP4HM15, MM Selection 103, SM2012-1, MH27, MH51
and WM1607. Romay et al. (2019) screened 31 melon accessions
against two begomoviruses: melon chlorotic mosaic virus
(MeCMV) and tomato leaf curl New Delhi virus (ToLCNDV),
and reported five accessions (IC-274014, WM7, WM9,
PI-124112 and PI-282448) resistant against these viruses.
Resistance against ToLCNDV was observed to be controlled by

Table 3. Reaction of melon genotypes showing different levels of resistance against tomato leaf curl Palampur virus

Genotypes
No. of
genotypes Symptoms

PDI
(%)

Disease
reaction

SM2013-2, WM11, SM2013-9, SM2012-1 4 Symptomless 0 Highly resistant

MH-41, MM-KP15103, KP4HM15, MM Sel.-103, 4 Pin head size chlorotic spots
on top 2–3 young leaves

0.1–5 Resistant

MM120103, MH-51, Pusa Madhuras, MM121103 4 Mild mosaic and blistering 5.1–
20

Moderately
resistant

MM610, MS-5, MM681, Pusa Sharbati, MM103616, MM1804, DP Sel.-1,
MM1903

8 Blistering and misshapen
leaf

20.1–
50

Moderately
susceptible

CTN1820, MM904, MM403, MM616, MS-1, MM3964, MM672-1, MM675-3,
MCPS, MM201, MM 677, MM617, MM916-1, MM1805, MM604, MM4216,
MM676-1, MM911, MM Var.-2, MM673-3, MM720-2, MM1803

22 Sever yellow and blistering 50.1–
75

Susceptible

MM607, Bobby F1 Hybrid, MM608, MM902-1, HM, MM621, Punjab
Sunehri, MM Var.-1, MM675, MM703, MM625, MM327, MM1831, MM619,
MM721, MM331, CY2012-21, MM4305, Rio Gold, Punjab Hybrid,
Inthanon F1 Hybrid, MM603

22 Severe curling of leaf, yellow
vein mosaic and chlorosis

>75 Highly
susceptible
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genes bgm-1, Bgm-2 and the dominant gene tomato leaf curl New
Delhi virus resistance gene. While resistance to MeCMV was con-
trolled by the same bgm-1 and Bgm-2 genes coupled with reces-
sive Melon chlorotic mosaic virus resistance gene. In addition
to begomoviruses, Indian snap melon landraces are also reported
to possess resistance against cucumovirus, cucumber mosaic virus
and potyvirus zucchini yellow mosaic virus (Dhillon et al., 2007).
Some dominant genes (Zym-1, Zym-2, Zym-3) showing resistance

to Zucchini yellow mosaic virus were also detected in snap melon
accession (PI 414723) from India (Pitrat and Lecoq, 1984;
Danin-Poleg et al., 1997). McCreight and Wintermantel (2008)
also reported resistance to cucurbit yellow stunting disorder
virus (crinivirus) in Indian snapmelon landraces, PI 313970,
Ames 20203, PI 614185 and PI 614213. These findings illuminate
the molecular underpinnings of resistance in snap melons and
wild melons against different pathogens.

Further, when the selected set of 14 melon genotypes, showing
resistance to the individual pathogens was subjected to simultaneous
inoculations by all three pathogens (M. incognita, F. oxysporum f.sp.
melonis and ToLCPalV) the disease severity score showed variation
over the rating score obtained during screening against the individual
pathogen. For RKN, themoderately resistant, moderately susceptible
as well as susceptible genotypes showed slightly higher root galling
index during the simultaneous inoculation, however highly suscep-
tible ones recorded slightly lower RGI. This might be due to damage
to roots caused by Fusarium infection in highly susceptible geno-
types. Fusariumwilt disease severity gradewas also enhanced during
simultaneous inoculations of all three pathogens in all the genotypes.
The moderately resistant genotypes showed moderate susceptibility
and moderately susceptible genotypes showed susceptible reactions
during combined inoculations. Among the resistant genotypes,
WM-11 and SM2012-1 exhibited only a mild increase in disease
severity and both the genotypes remained in the resistant category
even after the simultaneous inoculations. While genotype
KP4HM15 which showed a resistant reaction to fusarium during
individual screening showed a moderately resistant reaction during
simultaneous inoculations. This variable response may be due to
the susceptibility of the genotypes to M. incognita as both WM-11
and SM2012-1 are resistant toM. incognita but KP4HM15 is highly
susceptible to the nematode. The RKNs are known to predispose the
host plant roots to other soil-borne fungal and bacterial pathogens
either via mechanical injuries to the root tissues by providing entry
points to the passive invaders or by changing the host physiology
(Khan, 2008). The giant cells or nurse cells formed due toRKN infec-
tion remainmetabolicallymore active and contain higheramounts of
photosynthates, DNA, RNA and cell organelles (Caillaud et al.,
2008). These nutritionally rich giant cells support the multiplication
and colonization of the fungal pathogens. The nematode infection
also induces the production of some biochemical compound which
may neutralize the fungicidal phytoalexins. Besides this, root exu-
dates from nematode-infected plants have been reported to suppress
the actinomycetes in rhizosphere (Khan and Sharma, 2020). Hua
et al. (2019) investigated the reliability of F. oxysporum f. sp. niveum-
resistant genotypes of watermelon against M. incognita. The result
revealed that M. incognita enhanced the susceptibility of all water-
melon genotypes to Fusarium wilt. Regmi et al. (2022) also reported
that wilt disease severity due to F. oxysporum f. sp. lycopersici was
more pronounced in the presence of RKN. The genotypes WM11
and SM2012-1 behaved resistant to fusarium wilt during simultan-
eous inoculations; this may be because they possess a moderate
level of resistance against RKN.Further, increased virus disease sever-
ity may be explained by the additional manifestation of RKN (stunt-
ing and yellowing) and Fusarium (yellowing, wilting and necrosis).

The screening for resistance against individual pathogens has
been done earlier but the present work is the first attempt to iden-
tify melon genotypes possessing multiple disease resistance
against more than one pathogen. The snap melon genotypes,
SM2012-1, SM2013-9 and SM2013-2 were found resistant to
both Fusarium wilt as well as ToLCPalV. The genotype
SM2012-1 also showed moderate resistance to RKN, M. incognita.

Figure 2. Dendrogram and heat map of muskmelon genotypes based on the disease
severity grade of the germplasm against all three pathogens under study.
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Table 4. Screening of promising muskmelon genotypes for multiple disease resistance against root-knot nematode, fusarium wilt and tomato leaf curl Palampur virus

S. No. Genotypes

Disease reaction when inoculated individually Disease reaction when inoculated simultaneously

RKN Fusarium ToLCPalV RKN Fusarium ToLCPalV

RGI (0–5)
scale Reaction

DSG (0–5)
scale Reaction

DSG (0–5)
scale

PDI
(%) Reaction

RGI (0–5)
scale Reaction DSG (0–4) Reaction

DSG (0–5)
scale

PDI
(%) Reaction

1 KP4HM15 4.3 ± 0.33 HS 0.5 ± 0.33 R 0.2 ± 0.19 4.45 R 3.5 ± 0.40 S 2.0 ± 0.50 MR 0.6 ± 0.20 11.11 MR

2 MH-41 3.3 ± 0.33 S 1.8 ± 0.19 MR 0.2 ± 0.19 4.44 R 3.5 ± 0.50 S 1.3 ± 0.29 MR 0.4 ± 0.51 8.89 MR

3 SM2013-9 2.6 ± 0.19 MS 0.6 ± 0.19 R 0.0 ± 0.00 0.00 HR 2.8 ± 0.40 MS 1.2 ± 0.29 MR 0.3 ± 0.33 6.67 MR

4 Rio Gold 4.1 ± 0.19 HS 3.9 ± 0.19 S 4.4 ± 0.33 88.89 HS 3.6 ± 0.51 S 3.2 ± 0.29 HS 4.3 ± 0.29 86.67 HS

5 SM2013-2 3.1 ± 0.33 S 0.7 ± 0.19 R 0.0 ± 0.00 0.00 HR 3.3 ± 0.58 S 1.5 ± 0.87 MR 0.2 ± 0.18 4.45 R

6 MM721 3.1 ± 0.38 S 3.5 ± 0.38 S 4.0 ± 0.38 80.00 HS 3.3 ± 0.58 S 3.3 ± 0.29 HS 4.1 ± 0.19 82.22 HS

7 MM720-2 2.9 ± 0.19 MS 2.8 ± 0.33 MS 2.7 ± 0.19 53.33 S 3.0 ± 0.00 MS 3.2 ± 0.29 HS 4.0 ± 0.33 80.00 HS

8 WM-11 2.0 ± 0.19 MR 0.5 ± 0.00 R 0.0 ± 0.00 0.00 HR 2.5 ± 0.40 MS 0.8 ± 0.76 R 0.2 ± 0.19 4.44 R

9 MM672-1 3.2 ± 0.19 S 3.0 ± 0.19 MS 3.6 ± 0.19 57.78 S 3.5 ± 0.40 S 3.3 ± 0.25 HS 3.9 ± 0.19 77.78 HS

10 SM2012-1 1.9 ± 0.34 MR 0.6 ± 0.19 R 0.0 ± 0.00 0.00 HR 2.3 ± 0.58 MS 1.0 ± 0.00 R 0.3 ± 0.00 6.67 MR

11 MM-KP15103 3.9 ± 0.19 S 0.9 ± 0.19 R 0.2 ± 0.19 4.45 R 4.0 ± 0.00 S 1.3 ± 0.29 MR 0.4 ± 0.19 8.89 MR

12 MM121103 2.2 ± 0.33 MS 0.9 ± 0.33 R 0.6 ± 0.19 20.0 MR 2.7 ± 0.58 MS 2.0 ± 0.25 MR 1.0 ± 0.33 20.00 MR

13 MM120103 2.6 ± 0.33 MS 1.5 ± 0.33 MR 1.0 ± 0.19 11.1 MR 2.8 ± 0.60 MS 2.2 ± 0.50 MS 1.2 ± 0.19 24.44 MS

14 MM619 4.2 ± 0.35 HS 3.8 ± 0.00 S 4.1 ± 0.19 82.22 HS 3.6 ± 0.51 S 3.2 ± 0.29 HS 4.3 ± 0.00 86.67 HS

RKN, root-knot nematode; DSG, disease severity grade; ToLCPalV, tomato leaf curl Palampur virus; RGI, root gall index; PDI, per cent disease index; HR, highly resistant; R, resistant; MR, moderately resistant; MS, moderately susceptible; S, susceptible;
HS, highly susceptible.
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Also, wild melon genotype WM11 exhibited resistance against
all three pathogens. Besides, genotypes MH-41, MM120103,
MMKP15103, KP4HM15 and MM Sel. 103 were found resistant
to both F. oxysporum f.sp. melonis and ToLCPalV. Further, sim-
ultaneous inoculations of promising genotypes with all three
pathogens showed that the attack of one pathogen alters the
host’s response to another pathogen. However, genotypes that
were resistant to more than one pathogen showed a good level
of resistance even during simultaneous inoculations of the patho-
gens. The resistant genotypes identified in this study may be uti-
lized as donor parents for strengthening the resistance breeding
programme of the melon crop.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S1479262123001119.

Acknowledgements. The authors are thankful to the Indian Council of
Agricultural Research for supporting this work.

Author contributions. All authors contributed to the study’s conception and
design. Material preparation, data collection and analysis were performed by
Dalvir Singh Dhami, Sukhjeet Kaur, Abhishek Sharma, Narpinderjeet Kaur
Dhillon and Sandeep Jain. Genetic sources and information were shared by
Sat Pal Sharma. The manuscript was written by Dalvir Singh Dhami and
Sukhjeet Kaur and all authors read and approved the final manuscript.

Funding statement. Not applicable.

Competing interest. None.

References

Boyhan GE, Langston DB, Lewis PM and Linton MO (2001) Use of an insu-
lin syringe for Fusarium wilt inoculation of watermelon germplasm.
Cucurbit Genetics Cooperative Report 24, 49–51.

Brown JK, Idris AM, Rogan D, Hussein MH and Palmieri M (2001) Melon
chlorotic leaf curl virus, a new begomovirus associated with Bemisia tabaci
infestations in Guatemala. Plant Disease 85, 1027–1027.

Caillaud MC, Dubreuil G, Quentin M, Barbeoch LP, Lecomte P, de Engler
JA, Rosso PA, Noëlle M and Favery B (2008) Root-knot nematodes
manipulate plant cell functions during a compatible interaction. Journal
of Plant Physiology 165, 104–113.

Chattopadhyay C and Sen B (1996) Integrated management of Fusarium wilt
of muskmelon caused by Fusarium oxysporum. Indian Journal of Mycology
and Plant Pathology 26, 162–170.

Danin-Poleg Y, Paris HS, Cohen S, Rabinowitch HD and Karchi Z (1997)
Oligogenic inheritance of resistance to Zucchini yellow mosaic virus in
melons. Euphytica 93, 331–337.

Dhami DS, Kaur S, Sharma A, Dhillon NK and Jain S (2022) Relative con-
sequences of interaction among Meloidogyne incognita, Fusarium oxy-
sporum and tomato leaf curl Palampur virus on disease severity and
growth of muskmelon. Indian Phytopathology 75, 767-779. https://
doi.org/10.1007/s42360-022-00483-y

Dhami DS, Sharma A and Kaur S (2023) Spatial distribution and identifica-
tion of Begomovirus(es) infecting muskmelon in Punjab, India. Indian
Journal of Ecology 50, 1466–1472.

Dhillon NPS, Ranjana R, Singh K, Eduardo I, Monforte AJ, Pitrat M,
Dhillon NK and Singh PP (2007) Diversity among landraces of Indian
snap melon (Cucumis melo var. momordica). Genetic Resources and Crop
Evolution 54, 1267–1283.

Dhillon NPS, Singh H, Pitrat M, Monforte AJ and Mccreight JD (2014)
Snap melon (Cucumis melo L. Momordica Group), an indigenous cucurbit
from India with immense value for breeding. In XXIX International
Horticultural Congress on Horticulture: Sustaining Lives, Livelihoods and
Landscapes (IHC2014), Brisbane, pp. 99–108.

Dhkal M (2018) Identification, characterization and management of major
virus(es) associated with cucurbits in Punjab (PhD thesis). Punjab
Agricultural University, Ludhiana.

Dhkal M, Sharma A and Kaur G (2020a) First report of tomato leaf curl
Palampur virus infecting muskmelon in India. Journal of Plant Pathology
102, 1367.

Dhkal M, Sharma A and Kaur G (2020b) First report of tomato leaf curl New
Delhi virus infecting muskmelon in India. Journal of Plant Pathology 102,
1325.

Expósito A, Munera M, Giné A, López-Gómez M, Cáceres A, Picó B,
Gisbert C, Medina V and Sorribas FJ (2017) Cucumis metuliferus is resist-
ant to root-knot nematode Mi1.2 gene (a)virulent isolates and a promising
melon rootstock. Plant Pathology 67, 1161–1167.

FAOSTAT (2020) FAOSTAT Statistical Database. Rome: FAO (Food and
Agriculture Organization of the United Nations).

Fassuliotis G (1970) Resistance of Cucumis spp. to the root-knot nematode,
Meloidogyne incognita acrita. Journal of Nematology 2, 174–178.

Francl LJ and Wheeler TA (1993) Interaction of plant parasitic nematodes
with wilt-inducing fungi. In Khan MW (ed). Nematode Interactions.
Dordrecht: Springer, pp. 79–103.

Guan W, Zhao X, Dickson DW, Mendes ML and Thies JA (2014) Root-knot
nematode resistance, yield, and fruit quality of specialty melons grafted onto
Cucumis metuliferus. HortScience 49, 1046–1051.

Hagen C, Rojas MR, Sudarshana MR, Xoconostle-Cazares B, Natwick ET,
Turini TA and Gilbertson RL (2008) Biology and molecular character-
ization of cucurbit leaf crumple virus, an emergent cucurbit-infecting
begomovirus in the Imperial Valley of California. Plant Disease 92,
781–793.

Hua GKH, Timper P and Ji P (2019) Meloidogyne incognita intensifies
the severity of Fusarium wilt on watermelon caused by Fusarium
oxysporum f. sp. Niveum. Canadian Journal of Plant Pathology 41,
261–269.

Kaur M (2005) Etiology and management of muskmelon wilt (PhD thesis).
Punjab Agricultural University, Ludhiana.

Khan MR (2008) Plant Nematodes Methodology, Morphology, Systematics,
Biology and Ecology. New Delhi: Oxford & IBH Publishing Co. Pvt. Ltd.,
pp. 251.

Khan MR and Sharma RK (2020) Fusarium-nematode wilt disease com-
plexes, etiology and mechanism of development. Indian Phytopathology
73, 615–628.

Liu B, Ren J, Zhang Y, An J, Chen M, Chen H, Xu C and Ren H (2015)
A newly grafted rootstock against root-knot nematode for cucumber,
melon, and watermelon. Agronomy for Sustainable Development 35,
251–259.

Lodhi MA, Ye GN, Weeden NF and Reisch BA (1994) Simple and efficient
method for DNA extraction from grapevine cultivars and Vitis species.
Plant Molecular Biology Reporter 12, 6–13.

McCreight JD and Wintermantel WM (2008) Potential new Sources of
Genetic Resistance in Melon to Cucurbit Yellow Stunting Disorder Virus.
In: Pitrat M (ed.) Cucurbitaceae. IXth EUCARPIA meeting on Genetics
and Breeding of Cucurbitaceae, Avignon: INRA, pp. 173–179.

Mnari-Hattab M, Zammouri S, Belkadhi MS, Bellon Dona D, Ben Nahia E
and Hajlaoui MR (2015) First report of tomato leaf curl New Delhi virus
infecting cucurbits in Tunisia. New Disease Report 31, 21.

Mukhtar T, Kayani MZ and Hussain MA (2013) Response of selected
cucumber cultivars to Meloidogyne incognita. Crop Protection 44, 13–17.

Oumouloud A, El-Otmani M, Chikh-Rouhou H, Claver AG, Torres RG,
Perl-Treves R and Alvarez JM (2013) Breeding melon for resistance to
Fusarium wilt: recent developments. Euphytica 192, 155–169.

Pitrat M and Lecoq H (1984) Inheritance of zucchini mosaic virus resistance
in Cucumis melo L. Euphytica 33, 57–61.

Pofu KM and Mashela PW (2011) Using relative penetration and maleness
indices in Meloidogyne incognita to establish resistance type in Cucumis
myriocarpus. African Journal of Biotechnology 10, 390–393.

Punja ZK, Parker M and Elmhirst JF (2001) Fusarium wilt of field-grown
muskmelon in British Columbia. Canadian Journal of Plant Pathology 23,
403–410.

Regmi H, Vallad GE, Hutton SF and Desaeger J (2022) Interaction studies
between Meloidogyne javanica and Fusarium oxysporum f. sp. lycopersici
(Fol) Race 3 on different isolines of tomato Cv. Tasti Lee. Journal of
Nematology 54, 20220018.

Plant Genetic Resources: Characterization and Utilization 35

https://doi.org/10.1017/S1479262123001119 Published online by Cambridge University Press

https://doi.org/10.1017/S1479262123001119
https://doi.org/10.1017/S1479262123001119
https://doi.org/10.1017/S1479262123001119


Romay G, Pitrat M, Lecoq H, Wipf-Scheibel C, Millot P, Girardot G and
Desbiez C (2019) Resistance against melon cholorotic mosaic virus and
tomato leaf curl New Delhi virus in melon. Plant Disease 103, 2913–2919.

Roy A, Bal SS, Fergany M, Kaur S, Singh H, Malik AA, Singh J, Monforte
AJ and Dhillon NPS (2012) Wild melon diversity in India (Punjab state).
Genetic Resources and Crop Evolution 59, 755–767.

Sáez C, Esteras C, Martínez C, Ferriol M, Dhillon NPS, López C and Picó B
(2017) Resistance to tomato leaf curl NewDelhi virus inmelon is controlled by
a major QTL located in chromosome 11. Plant Cell Reports 36, 1571–1584.

Siguenza C, Schochow M, Turini T and Ploeg A (2005) Use of Cucumis
metuliferus as a rootstock for melon to manage Meloidogyne incognita.
Journal of Nematology 37, 276–280.

Sikora RA and Fernandez E (2005) Nematode parasites of vegetables. In: Luc
M, Sikora RA and Bridge J (eds.), Plant Parasitic Nematodes in Subtropical
and Tropical Agriculture. Egham: CABI publishing, pp. 319–392.

Sobh H, Samsatly J, Jawhari M, Najjar C, Haidar A and Abou-Jawdah Y
(2012) First report of Squash leaf curl virus in cucurbits in Lebanon.
Plant Disease 96, 1231–1231.

Sufrin-Ringwald T and Lapidot M (2011) Characterization of a synergistic
interaction between two cucurbit-infecting begomoviruses: squash leaf

curl virus and watermelon chlorotic stunt virus. Phytopathology 101,
281–289.

Taylor AL and Sasser JN (1978) Biology, identification and control of root-
knot nematodes (Meloidogyne spp.). Department of Plant Pathology,
North Carolina State University, United States Agency for International
Development, Raleigh, pp. 111.

Venkataravanappa V, Prasanna HC, Reddy CNL, Chauhan N, Shankarappa
KS and Reddy MK (2021) Molecular characterization of recombinant
bipartite begomovirus associated with mosaic and leaf curl disease of
cucumber and muskmelon. Indian Phytopathology 74, 775–785.

Walters SA, Wehner TC, Daykin ME and Baker KR (2006) Penetration rates
of root-knot nematodes into Cucumis sativus and C. metuliferus roots and
subsequent histological changes. Nematropica 36, 231–242.

Whitehead AG and Hemming JRA (1965) Comparison of some quantitative
methods of extracting small vermiform nematodes from soil. Annals of
Applied Biology 55, 25–38.

Zhang S, Raza W, Yang X, Hu J, Huang Q, Xu Y, Liu X, Ran W and Shen Q
(2008) Control of Fusarium wilt disease of cucumber plants with
the application of a bioorganic fertilizer. Biology and Fertility of Soils 44,
1073–1080.

36 Dalvir Singh Dhami et al.

https://doi.org/10.1017/S1479262123001119 Published online by Cambridge University Press

https://doi.org/10.1017/S1479262123001119

	Characterization of multiple disease resistance in melons (Cucumis melo L.) against Meloidogyne incognita, Fusarium oxysporum and tomato leaf curl Palampur virus
	Introduction
	Materials and methods
	Germplasm resources and experimental site
	Screening against root-knot nematode (Meloidogyne incognita)
	Screening against Fusarium oxysproum f. sp. melonis
	Screening against tomato leaf curl Palampur virus
	Screening of selected melon genotypes for multiple disease resistance
	Statistical analysis

	Results
	Screening against root-knot nematode (M. incognita)
	Screening against F. oxysporum f. sp. melonis
	Screening against tomato leaf curl Palampur virus (ToLCPalV)
	Screening of selected genotypes for multiple disease resistance

	Discussion
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


