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Screening of cucurbitaceous rootstocks against root-knot nematodes (Meloidogyne spp.) and
soilborne pathogens (Fusarium spp. and Pythium spp.)
V. Yankova*, D. Markova, N. Velkov, S. Masheva
Maritsa Vegetable Crops Research Institute, 32 Brezovsko shosse, 4003 Plovdiv, Bulgaria
(Manuscript received 22 August 2016; accepted for publication 30 January 2017)
Abstract. One of the main problems in cucumber greenhouse production is control of soil-borne pathogens and root-knot nematodes. Grafting cucumber
plants represent an alternative method to control that is safety and does not pollute the environment. Immune forms to these pests are not established, but in
some studies are found sources belong to Cucurbitaceae family that possesses resistant or tolerant response. The aim of this study was to screening
cucurbitaceous rootstock genotypes to root-knot nematodes (Meloidogyne spp.), Fusarium spp. and Pythium spp. During the period 2014-2015 in the Maritsa
Vegetable Crops Research Institute, Plovdiv thirteen breeding materials belonging to Cucurbitaceae family were tested: Gergana, Kiara F1, TG, TD (Cucumis
sativus); CM 720, SB-2, SB-3, Turban (C. maxima); Muskatna 51-17, Carotina, (C. moschata); Turban × Muskatna 51-17, CM 720 × Carotina (C. maxima × C.
moschata F1); Local (Lagenaria siceraria). Two parallel trials were performed in greenhouse conditions. Local isolates of pests were used for the screening
tests. Plants were grown in pots and inoculated with mixed infection of Fusarium spp. and Pythium spp. In trial with root-knot nematodes the plants were
inoculated with 6000 second stage juveniles (J2). The response was recorded 60 days after inoculation. Results indicated that Carotina was resistant when the
pots were inoculated with Meloidogyne spp. Resistant response to soil-borne pathogens possesses cucumber lines TG and TD and Lagenaria. Tested
cucurbitaceous material can be used directly for grafting cucumber plants, and also be able to used as a basis for starting breeding program for rootstocks with
tolerance to Meloidogyne spp., Fusarium spp. and Pythium spp.

Keywords: Cucurbitaceae, resistance, soil-borne pathogens, grafting

Introduction
Cucumber (Cucumis sativus L.) is an important and
commercially popular cucurbitaceous vegetable crop which holds a
much desired position in the vegetable market. When vegetable
crops production taken under greenhouses, the incidence soil-borne
diseases and nematodes cause most of the damage due to mono
cropping and intensive cropping. Cucumber crop suffers from
several infections by serious fungal diseases and nematodes
resulting in severe loss of yield and quality. Rhizoctonia solani,
Fusarium spp., Pythium spp. and root-knot nematodes
(Meloidogyne spp.) are the most serious soil-borne diseases in
cucumber rhizosphere (Sharma et al., 1995; Al-Debei et al., 2012).
Meloidogyne spp. is considered to be the most important
parasites of cucumber which cause yellow foliage, unthrifty growth,
reduced fruit size, poor yield, heavy root galling, root decay and
reduced root system (Punithaveni et al., 2015). Their presence can
alter uptake of water and nutrients, interfere with translocation of
photosynthates and increase incidence and severity of Fusarium
oxysporum f. sp.radicis-cucumerinum diseases (Ismail et al., 2012).
Damping-off, as the most seedling root and crown rot disease, is a
limiting factor in cucumber greenhouse cultivation. Some species of
Pythium and Phytophthora are the most important soil-borne
pathogens that cause damping-off and root rot (Rostami et al.,
2015). Fusarium and Pythium species also act as a complex causing
cucumber wilt (Bithell et al., 2012).
The current management of nematodes has been done by
using plant resistance, crop rotation, culture practices or
nematicides. Nematicides control is expensive and hazard to ground
water, environment and animal and human health. No commercial
* e-mail: vinelina@abv.bg
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cultivars or hybrids of cucumber are recorded as resistant to rootknot nematodes. Because of these reasons are looking for
alternative safety application and methods such as antagonistic
plant and grafting onto selected resistance rootstocks. Grafting of
vegetables on resistant rootstocks is a mean of controlling root-knot
nematodes and other soil-borne diseases in areas with intensive
land use (Abd El-Wanis et al., 2013; Amin and Mona, 2014).
Cucumber can be successfully grafted onto Cucumis spp.,
Cucurbita spp., Cucurbita interspecific hybrids, bottle gourd, wax
gourd, fig leaf gourd (C. ficifolia Bouché), and luffa (King et al., 2010).
Rootstocks of Cucurbita maxima×Cucurbita moschata have
become the most used hybrids for several watermelon, melon and
cucumber cultivars, because of their properties related to the
resistance or high tolerance to F. oxysporum f. sp. melonis, F.
oxysporum f. sp. niveum, Phomopsis sp., M. cannonballus,
Verticillium dahliae and nematodes (El-Eslamboly and Deabes,
2014). In Asia, Europe and the Middle East, bottle gourd (Lagenaria
siceraria) and hybrid squash (C. maxima×C. moschata) were widely
used as rootstocks in watermelon production due to their resistance
to fusarium wilt (Cohen et al., 2007; Davis et al., 2008).
The aim of this study was to screening cucurbitaceous
rootstock genotypes to root-knot nematodes (Meloidogyne spp.),
Fusarium spp. and Pythium spp. in order to be used as rootstocks or
as initial material for breeding.

Material and methods
The study was carried out in the Maritsa Vegetable Crops
Research Institute, Plovdiv, Bulgaria during the period 2014 - 2015.

The investigation was conducted in glasshouse conditions.
Plant material
It was used breeding material from collection of Maritsa
Vegetable Crops Institute from following cucurbit species:
Cucumis sativus - Kiara F1 (control) commercial cultivar long
parthenocarpic type (Dutch type), gynoecious type of flowering;
Gergana,TG, TD – salad type, monpecious type of flowering;
Cucurbita maxima - СМ-720, SB-2, SB-3, Turban;
Cucurbita moschata - Muskatna 51-17, Carotina;
Cucurbita maxima × Cucurbita moschata F1 - Turban ×
Muskatna 51-17, СM 720 × Carotina;
Lagenaria siceraria – Local.
Root-knot nematodes (Meloidogyne spp.) test
Seeds were sown in 400 mL pots with mix (peat:perlite – 1:1).
Ten plants per genotype were transplanted into 5 L pots three weeks
after emergence. Each pot was inoculated with 6000 second-stage
juveniles (J2). Plants were uprooted carefully 60 days after
inoculation and washed with tap water to remove the adhering soil
particles.
The root knot nematode galling severity was rated according to
the percentage of galled tissue on a 0 to 4 scale in which 0 - no
infestation, 1–weak infestation (up to10% of root system is infested),
2–average infestation (10–25% from the root system is infested);
3–high infestation (26–50% from the root system is infested); 4–very
high infestation (above 50% from the root system is infested and part
of roots are dead) (by Stoyanov, 1980).
Fusarium and Pythium tests
The isolate was stored at 4oC on potato-dextrose agar.
Inoculums of Fusarium spp. and Pythium spp. were prepared on
barley medium. The autoclaved medium was inoculated from 5- day
old culture and then incubated at 25 ± 1oC for two weeks (Singleton
et al., 1992). The inoculum was introduced in experimental pots (4%
of the substrate).
Seeds were sown in 400 mL pots. Ten plants per genotype are
transplanted into 5 L pots with mix of peat + perlite + soil (1:1:1) three

weeks after emergence. Both pathogens are incorporated in the
containers after transplanting. It was made mixed infestation.
Sixty days after soil infestation with both pathogens, the plants
were uprooted and washed with tap water to remove the adhering
soil particles. The rate of infestation of roots from pathogens was
recorded on five-grade scale (0-4), where 0 - no attack; 1 - hit single
root; 2 - affected 25% of the roots; 3 – affected 26-50 % of roots, 4 affected over 50% of the roots.
The results from the experiments were processed
mathematically. The index of infestation (i, %) was estimated by Mc
Kinney formula. Comparison of means was made according to
Duncan's Multiple Range Test at P<0.05 levels (Duncan, 1955).

Results and discussion
Management of nematode populations using resistant cultivars
is considered an important strategy. In this study, reactions
cucurbitaceous rootstocks against Meloidogyne spp. were
assessed on the basis of gall produced on the roots. Significant
variations were noticed among cucurbitaceous species in their
response to the root-knot nematodes.
Most of the root system of the cucurbit rootstocks grown in soil
infected by Meloidogyne spp. was uniformly galled ranged from 0.80
to 2.95. Few galls on the root were observed on Carotina (C.
moschata) with rate of root galling 0.80. The highest rate of root
galling was established in Kiara F1 (C. sativus) (2.95), which serve as
control. The cucurbit rootstocks varied in their rates of resistance
and susceptibility (Table 1). It was found that Carotina (Cucurbita
moschata) was resistant (R) to Meloidogyne spp. Two cucumber
breading materials Kiara F1 and TD were susceptible (S) to root-knot
nematode infestation. Other rootstocks were moderately resistant
(MR) to infection by the root-knot nematodes, as the lowest rate of
root galling (1.00) was recorded in Turban (C. maxima). The
breeding materials CM 720 (C. maxima) and СM 720 × Carotina F1
(C. maxima × C. moschata) also shows lower rate of root galling of
this group, 1.20 and 1.20 respectively. These results are in
agreement with results of Punithaveni et al. (2015) who found that

Table 1. Rate of root galling and degree of infestation of cucurbit genotypes from Meloidogyne spp.

Genotype
Kiara F1 (Control)
Gergana
TG
TD
СМ 720
SB-2
SB-3
Turban
Muskatna 51-17
Carotina
Turban × Muskatna 51-17 F1
СM 720 × Carotina F1
Lagenaria siceraria

Rate of root galling
2.95 a
1.50 bcd
1.30 bcd
2.10 b
1.20 bcd
1.30 bcd
1.80 bc
1.00 cd
1.45 bcd
0.80 d
1.40 bcd
1.20 bcd
1.80 bc

Degree of infestation*

SD±

Min

Max

S
MR
MR
S
MR
MR
MR
MR
MR
R
MR
MR
MR

0.80
0.50
0.45
0.89
0.76
0.45
0.76
0.50
0.51
0.27
0.42
0.76
0.91

1.75
1.00
1.00
1.00
0.50
1.00
1.00
0.50
1.00
0.50
1.00
0.50
1.00

3.50
2.00
2.00
3.00
2.00
2.00
2.50
1.50
2.25
1.00
2.00
2.00
3.00

a, b, c … – Duncan's multiple range test (p < 0,05); *0-0.9 = Resistant (R); 1 – 1.9 = Moderately resistant (MR); 2 – 2.9 =
Susceptible (S); (3-4) = Highly susceptible (HS)
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Figure 1. Index of root-knot nematode infestation (i, %)

Cucurbita ficifolia, Cucurbita moschata, Cucrbita maxima and Luffa
cylindrica were moderately resistant against root-knot nematode.
The highest index of nematode infestation from tested rootstock was
recorded in Kiara F1 (C. sativus), followed by TD (C. sativus) and
Muskatna 51-17 (C. moschata) (Figure 1).
Tested species were found to be promising materials to be used
as rootstocks for grafting studies in cucumber. Thus, there is a
potential for use of these cucurbitaceous species as rootstock in
cucumber cultivated areas infested with the root-knot nematode.
Cohen et al. (2007) found differences in nematode susceptibility of
Cucurbita breeding lines. This indicates that it might be possible to

breed Cucurbita rootstocks that will be resistant or at least less
susceptible to root-knot nematodes.
Rate of Fusarium spp. and Pythium spp. infestation varied from
0.40 to 2.80. The lowest infestation rate was observed in Lagenaria
siceraria and TG (C. sativus), 0.40 and 0.50, respectively. The
highest rate of infestation was recorded in SB-3 (C. maxima) 2.80.
From the tested breeding materials Lagenaria siceraria, TG (C.
sativus) and TD (C. sativus) were resistant (R) to Fusarium spp. and
Pythium spp. The genotypes Kiara F1 (C. sativus), Gergana (C.
sativus) and Muskatna 51-17 (C. moschata) were moderately
resistant (MR) to infection by fungus. The other tested breeding

Table 2. Rate of infestation and degree of infestation of cucurbit genotypes from Fusarium spp. and Pythium spp.

Genotype
Kiara F1 (Control)
Gergana
TG
TD
СМ 720
SB-2
SB-3
Turban
Muskatna 51-17
Carotina
Turban × Muskatna 51-17 F1
СM 720 × Carotina F1
Lagenaria siceraria

Rate of root galling
1.30 cd
1.40 cd
0.50 e
0.80 de
2.40 a
2.40 a
2.80 a
2.70 a
1.70 bc
2.20 ab
2.70 a
2.10 ab
0.40 e

Degree of infestation*

SD±

Min

Max

MR
MR
R
R
S
S
S
S
MR
S
S
S
R

0.45
0.55
0.50
0.45
0.42
0.42
0.84
0.45
0.45
0.27
0.45
0.22
0.55

1.00
1.00
0.00
0.00
2.00
2.00
2.00
2.00
1.50
2.00
2.00
2.00
0.00

2.00
2.00
1.00
1.00
3.00
3.00
4.00
3.00
2.50
2.50
3.00
2.50
1.00

a, b, c … – Duncan's multiple range test (p < 0,05); *0-0.9 = Resistant (R); 1 – 1.9 = Moderately resistant (MR); 2 – 2.9 =
Susceptible (S); (3-4) = Highly susceptible (HS)
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Figure 2. Index Fusarium spp. and Pythium spp. infestation (i, %)

materials responded as susceptible (S) to both soilborne pathogens
(Table 2).
The index of infestation was lowest in Lagenaria siceraria, TG
and TD (C. sativus) (Figure 2).
Our results are contradictory compared to findings of other
authors. Abd El-Wanis et al. (2013) established that Lagenaria
sicenaria and Cucurbita maxima rootstocks are the most resistant to
M. incognita and Fusarium wild. L. siceraria and Cucumis
metuliferus was mentioned to be resistant to Fusarium oxysporum
(Oda, 2002). Rostami et al. (2015) established significant
differences between the studied cucumber cultivars from 15.7% to
100% disease severity to Pythium aphanidermatum. Grafting
cucumber cultivars on Cucurbita maxima could be used as disease
control strategies in greenhouses.
We established particular resistance in two cucumber lines TG
and TD. Both lines could be used as source for breeding or as
rootstock for grafting.

Conclusion
Screening of root-knot resistant germplasm and developing
resistant rootstocks can provide an environmentally friendly method
for managing soil-borne pathogens in cucurbitaceous species. From
screened breeding material Carotina (Cucurbita moschata) was
resistant to Meloidogyne spp. and Lagenaria siceraria, TG (Cucumis
sativus) and TD (Cucumis sativus) were resistant to Fusarium spp.
and Pythium spp. Tested cucurbit material could be used as
rootstock for grafting cucumber as well as for initial material for
breeding.
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