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Abstract: Meloidogyne spp. is an important pest of cucurbits in tunnel farming of vegetables in Pakistan. A cucumber germplasm was evaluated for resistance against the root-knot nematode (RKN, Meloidogyne incognita) based on
the number of galls and egg masses recorded under glass house conditions. All the cucumber accessions showed varying
responses towards the RKN inoculation. Out of the fifteen cucumber lines, two were found to be moderately susceptible to M. incognita, ten were susceptible while the other three were highly susceptible. For the management of the
nematodes, resistance was induced in a highly susceptible cucumber accession (28294) by the application (both drench
and foliar) of elicitors, i.e., salicylic acid (SA) and benzothiadiazole (BTH). The application of SA and BTH significantly
enhanced the defence mechanism of the cucumber plants when compared to the control. Increased enzymatic activities
in the cucumber plants as the result of the elicitor applications were determined through spectrophotometer to correlate the induced resistance. There was a significant increase in the enzymatic activities when compared to the control
in the cucumber plants, which ultimately enhanced the resistance as there was a decrease in the number of galls and egg
masses per plant. The enzymatic antioxidant activity was also found to increase in response to the nematode infection.
Both SA and BTH were reported to play pivotal roles in inducing resistance in cucumber plants against M. incognita.
Keywords: Cucumis sativus; M. incognita; SAR; benzothiadiazole; salicylic acid; enzymatic activities

Root-knot nematode (RKN) disease infection dynamics is a serious problem in vegetable and fruit
production (Qi et al. 2018) and significantly hampers the yield. The most important pathogens present in the root zone area of plants are nematodes
that minimise the plant growth and production.
Meloidogyne is the most common genus among
the nematodes of greenhouse vegetable crops (Tileubayeva et al. 2021). Nematodes are devastating
pests that infect most cultivated plant species causing considerable agricultural losses throughout
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the world (Eder et al. 2018). Meloidogyne incognita
attacks the most economically important fruits and
vegetable crops, including Citrullus lanatus (Bello
et al. 2021), Solanum lycopersicum (Eder et al. 2021)
and Cucumis sativus (Kayani et al. 2017) and causes enormous losses around the world (Jones et al.
2013). The intense economic importance of rootknot nematodes (Meloidogyne spp.) in agriculture
has elicited the interest of a large number of researchers and institutions to study them. The total yield losses due to this nematode are about
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22–30% or above (Janati et al. 2018). In Western
Anatolia of Turkey, Meloidogyne spp. caused yield
losses of up to 80% in processing tomato-growing
areas (Kaskavalci 2007). As a result, the Meloidogyne species are among the major emerging plant
parasitic nematodes (Jones et al. 2013). They have
been well reported from all the hemispheres, all
the continents and almost every country in the
world, in tropic or temperate climates, with a diverse climate, in mountains and deserts. The number of Meloidogyne spp. hosts has increased year
on year and about 3 000 plants belonging to all
the important families have been recorded as hosts
of these nematodes (Abad et al. 2003).
A few of the common control methods for nematodes include, but are not limited to, the use
of chemicals, cultural methods and planting resistant cultivars (Sasanelli et al. 2021). As far as chemicals are concerned, it has been observed that ten
thousand tonnes of nematicides are required by EU
farmers for the control of all genera of nematodes (Wright 1981). For this purpose, several nematicides have been commonly used by farmers
throughout the world. Some of the commonly used
nematicides are aldicarb, ethoprophos, oxamyl,
fenamiphos and dazomet. Aldicarb being a nematicide belonging to the carbamate group is linked with
several hazardous effects on the environment and
human health which has led to the restriction of its
use in the USA and other countries in the world.
The growing health and environmental concerns
associated with the use of chemical nematicides
have led scientists to focus more on other ecologically sound alternatives, such as the use of resistant
sources, which is considered a less expensive and
more environmentally friendly approach. As scientists have tried to find new resistant sources against
plant pathogens, plant hormones were found to be
the most important role in initiating plant defence.
Hormones, such as salicylic acid (SA), jasmonic
acid, ethylene, brassinosteroids, and abscisic acid,
have been reported to play major roles in plant
defence against nematode infections (Nahar et al.
2011; Kammerhofer et al. 2015; Kyndt et al. 2017;
Song et al. 2017). SA and benzothiadiazole (BTH)
have been found to act as arbitrators for systemic
acquired resistance (Molinary 2008). Usually, after
the establishment of a primary infection, systemic
acquired resistance (SAR) develops throughout
the plant body which is considered as providing
long-lasting and increased resistance in host plants
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against secondary infections caused by the same
or different pathogens. Zinovieva (2013) found
that SA applications may induce systemic resistance
in cucumber plants against the root-knot nematode and may also enhance the activity of phenylalanine ammonia lyase (PAL). Furthermore, BTH
has been noted to act as a priming agent in plant
defence leading to a reduction in the penetration
and development of the root-knot nematode M. incognita in susceptible tomato roots (Pasqua et al.
2018). These studies clearly show that SA and BTH
have the potential to act as elicitors for induced
resistance in cucumbers. The current study deals
with evaluating the cucumber’s resistance germplasm and the role of SA and BTH in the activation of defence mechanisms in cucumber plants.
The research contributes to the knowledge regarding the behaviour of the root-knot nematode (RKN)
in response to SAR mechanisms in plants.
MATERIAL AND METHODS
Evaluation of genetic resistance in cucumbers
against the root-knot nematode
Source of planting materials and soil sterilisation
procedure. The seeds of fifteen cucumber accessions: 28295, 32029, 32028, 32027, 28523, 32534,
32805, 29435, 28522, 28293, 29643, 32030, 28294,
32149 and 32031 were collected from the National Agricultural Research Centre, Islamabad,
Pakistan. A fine mixture of dry fertile soil and
dry sand was made in a ratio of 40% and 60%, respectively. Formalin was used for the sterilisation
of the “sandy loam soil”. The formalin, in a diluted
form (1 : 320), was mixed into a small heap of soil.
The soil was covered afterwards for seven days
under a polythene sheet. Then, the soil was mixed
thoroughly after removing the plastic sheet, left
open for two days and then the pots were filled.
Three seeds of fifteen cucumber accessions per
earthen pot (containing 2 kg of soil) were sown
separately. At the 5–6 leaf stage, the plants were
thinned. All the unnecessary plants were removed
and only one healthy/normal plant was kept in the
centre of the pot. The root-knot nematode species
were confirmed by examining the perineal pattern
(Taylor & Nestscher 1974). The highly susceptible
tomato variety named “Money Maker” was used
for the mass rearing of the root-knot nematode
(M. incognita) to obtain the maximum inoculum
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for the experiment. For this purpose, the seedlings
of tomato plants (one month old) were transplanted into small earthen pots (3 kg of soil) containing the sandy loam soil sterilised with formalin
and the temperature in the glasshouse was kept
at 25 ± 2 °C. The effect of the induced resistance
against the root-knot nematodes was evaluated
in the highly susceptible cucumber plants of accession No. 28294. For this experiment, three cucumber seeds were sown per earthen pot containing
2 kg of soil. The pots were placed in a glasshouse
in a completely randomized design at a temperature of 27 ± 2 °C. At the 5–6 leaf stage, the plants
were thinned, keeping a single healthy plant in the
centre of the pot.
Extraction of nematode eggs for inoculation. To extract or isolate the eggs of M. incognita, the roots
of the tomato plants were cut into small pieces
(2–3 cm) and then shaken well manually in a one
litre flask with a lid containing 1% NaOCl solution
(Hussey & Barker 1973). To separate the root fragments, this suspension was passed instantly through
a 200-mesh sieve, while a 400-mesh sieve was used
to collect the freed eggs. To allow the eggs to become free from the NaOCl, the collected eggs were
rinsed with tap water for several minutes. Finally,
the suspension containing eggs was kept in a large
beaker. After a three to four hour wait, the excess
water was removed from the top of the beaker when
the eggs had settled at the bottom. Though this process was laborious, there was a minimum chance
of losing any eggs. After this, 400-mesh sieves were
used to collect the eggs. By repeating this process
three times, the maximum numbers of eggs were
collected. The egg suspension was poured onto
an extraction tray at 25 ± 2 °C in an incubator and
the juveniles were collected (Whitehead & Hemming 1965). The freshly hatched second stage juveniles (J2s) were standardised and concentrated.
Inoculation of the cucumber plant. The freshly
hatched J2s of M. incognita were introduced in
the pots of the individual plants at 2 000 J2/pot in the
root zone area by making holes and then covering
the holes with soil. The plants of each cultivar, which
were not inoculated with J2s, served as the control
treatment. The experiment was conducted twice
in a completely randomised design in glasshouse conditions with six replicates. During the growth period,
the cucumber plants were kept at 27 ± 2 °C. The pots
were regularly watered with tap water and the inoculated cucumber plants were reared for eight weeks.
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Data collection. After eight weeks of inoculation,
the cucumber plants were gently uprooted from
the earthen pots and washed in water. For drying
and weighing purposes, the washed roots were
blotted onto paper. The roots were washed carefully
to be free from soil. For the purpose of counting
the egg masses, a phloxine B (0.14–0.15 g/L of tap
water) solution was used. The roots were stained
with this solution by placing the dried roots into
the phloxine B solution for 15 min (Holbrook et al.
1983) and the egg masses attained a pink-red colour.
The data of the nematode parameters, like the number of galls/plant root, number of egg masses/root
system, and the plant parameters of the fresh root
weight and shoot weight of the host plants were
recorded. The disease rating and resistance or susceptible response of the cucumber accessions to the
nematode were evaluated by the modified 0–6 disease rating scale (Mukhtar et al. 2013).
Evaluation of the induced resistance against
root-knot nematodes
To evaluate the effect of the induced resistance
against the root-knot nematodes, the cucumber
plants were thinned at the 5–6 leaf stage and a single healthy plant was kept in the centre of the pot.
The J2s of M. incognita were inoculated in pots
at 2 000 J2s/pot in the root zone area of each plant
by making holes and backfilling with soil. One week
after inoculation, the plants were treated with T1
(50 mg/L BTH, foliar); BTH drench (50 mg/L of water), T2; BTH foliar (50 mg/L), T3; BTH drench
(100 mg/L), T4; BTH foliar (100 mg/L), T5; SA
drench (10 mg/L), T6; SA foliar (10 mg/L), T7;
SA foliar (1 mg/L), T8; SA drench (1 mg/L), T9;
Control 1, untreated, but inoculated with nematodes and T10 (healthy control); Control 2, untreated, uninoculated plants. The experiment was conducted twice in a completely randomised design
with six replicates. During the growth period,
the cucumber plants, temperature was kept at 27 ±
2 °C. The plants were regularly watered and allowed
to grow for eight weeks. The enzymatic activities
of the superoxide dismutase (SOD), peroxidase
(POD), catalase (CAT), PAL and total phenolic contents in the cucumber leaves were assayed before
and after the application treatments.
Preparation of enzyme extract. The leaf samples
were collected two weeks after the application
of the treatments. From each treated plant, 0.5 g of
leaf tissues was crushed with a pre-chilled pestle
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and mortar in 1 mL of a chilled sodium-phosphate
buffer (pH 7) for the POD, SOD and CAT assays.
A chilled borate buffer (pH 8.7) was used to extract
the enzymes to determine the PAL activity. Whereas, 80% ethyl alcohol was used for the extraction
to determine the total phenolic contents. To determine the total protein contents, the leaves were
crushed in a phosphate buffer (pH 7.2). The homogenate obtained from each extract was centrifuged at 12 000 rpm for 15 min at 4 °C. The supernatant was used as the enzyme source.
Assay for the POD activity (EC 1.11.1.7). The POD
enzymatic activity was measured by the method
given by Chance and Maehly (1955). Briefly, the final concentration of the reaction mixture was prepared by adding 33 mM of a potassium phosphate
buffer (pH 6.1), 16 mM of guaiacol, 2 mM of H2O2
and 200 µL of the enzyme extract in a cuvette.
The change in the absorbance of the reaction mixture was recorded at 470 nm every 30 s up to 3 minutes. The POD activity was calculated using the extinction coefficient 26.6/mM/cm. One unit of POD
was defined as the amount of enzyme which consumes 1 µmol of H2O2/min at 25 °C and the activity
was given in IU/mg of protein.
Assay for the SOD activity (EC 1.15.1.1). The efficiency in preventing the nitro blue tetrazole (NBT)
photoreduction was used to determine the SOD
activity. Three millilitres of reaction mixture were
prepared with a final concentration of 0.1 mM
EDTA, 0.02 mM of riboflavin, 130 mM of methionine, 100 µL of the enzyme extract, 0.75 mM
of NBT, and 50 mM of the phosphate buffer having a pH of 7.8. The reaction mixture was exposed to a fluorescent lamp with 40-Watt power
for 10 minutes. The reaction mixture was observed
at 560 nm with a spectrophotometer (Biorad UV
Vis 3000; Bio-Rad, USA). One unit of SOD activity was defined as the amount of enzyme required
to cause 50% inhibition of the NBT photoreduction rate, and the activity was expressed in IU/mg
of protein (Giannopolitis & Ries 1997).
Assay for the CAT activity (EC 1.11.1.6). The rate
of decomposition of H2O2 was used to measure the
CAT activity (Aebi 1984). Total volume of 2 mL
of the reaction solution was prepared by adding
50 mM of potassium phosphate buffer (pH 7.0),
12 mM of H2O2 in a final concentration and 50 µL
of the enzyme extract. The rate of decrease in the
absorbance at 240 nm was observed for 3 min with
a spectrophotometer (Biorad UV Vis 3000; Bio341

Rad, USA). An extinction coefficient of 43.6/M/cm
was used to calculate the CAT activity in µmol/min/
mg protein or IU/mg of protein. One unit of CAT
is defined as the amount of enzyme which decomposes 1 µmol of H2O2/min at a pH of 7.0 at 25 °C.
Assay for the PAL activity (E.C. 4.3.1.24). The rate
of conversion of l-phenylalanine to trans-cinnamic
acid was used to determine the PAL activity (Dickerson et al. 1984). The reaction mixture contained
400 µL of the enzyme extract, 500 µL of a 0.1 M
borate buffer (pH 8.8), 5 µL of 12 mM l-phenylalanine. After incubation for 30 min at 30 °C, the absorbance of the solution was taken by the spectrophotometer at 290 nm. An extinction coefficient of
9 630/M/cm was used to calculate the amount
of trans-cinnamic acid synthesised. The enzymatic activity was expressed as nmol trans-cinnamic
acid/min/mg protein or IU/mg of protein.
Assay for the total phenolic contents. The total
phenolic contents were measured by the method
described by Zieslin and Ben Zaken (1993). The reaction solution was prepared by adding 1 mL
of methanolic extract with 5 mL of distilled water
and 250 µL of 1 N Folin-Ciocalteau reagent and
kept at 25 °C. The absorbance of the developed blue
colour was measured by the spectrophotometer
at 725 nm. Gallic acid (GA) was used as the standard and the total phenolic contents were expressed
as µg GA/mg protein.
Assay for the total soluble proteins. The Bradford
method (Bradford 1976) was used to determine
the total soluble proteins. Bovine serum albumin
was used as the standard and the absorbance of the
samples was recorded at 595 nm and the protein
concentration was expressed in mg/g.
Statistical analysis
All the mean values of the enzymatic and nematode data were subjected to an analysis of variance
(ANOVA) and compared by the least significant
difference (LSD) test at a 0.05 level of significance
using the SAS program (version 8.1).
RESULTS
Screening of cucumber accessions against
the root-knot nematodes
Galling index. The fifteen screened cucumber cultivars varied widely in their susceptibility
to M. incognita. Out of the fifteen, two accessions,
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i.e., 32028 and 32534, showed a moderately susceptible response with a maximum galling index (MGI)
of 4. Three accessions, 28294, 32149 and 32805,
were rated highly susceptible each having the MGI
of 6 and a significantly high mean number of galls
(156.33, 133.33 and 115.00, respectively), while ten
accessions (28295, 32029, 32027, 28523, 32031,
29435, 28522, 28293, 29643 and 32030) were rated
as being susceptible each recording a galling index
of 5 which was not statistically (P > 0.05) different
from each other.
No. of egg masses. The No. of egg masses produced varied significantly among the tested accessions. A higher No. of egg masses were formed on
the highly susceptible accessions, i.e., 28294, 32805
and 32149, with an average No. of egg masses
of 44.33, 41.66 and 39.66, respectively. On the susceptible accessions, the No. of egg masses were
32.66 and 30.66 on accession 32027 and 28293, respectively. Whereas on the moderately susceptible
accessions, 32028 and 32534, the average No. of egg
masses were found to be 15 and 15.33, respectively.
Root weight. The root weight varied significantly
among all the tested accessions. Among the fifteen accessions, the accessions, i.e., 32028, 32534
and 29435, gained the minimum root weight with
an MGI of 4 and were considered moderately susceptible to M. incognita and they were found to be statistically dissimilar (P < 0.05) from the others. Two
accessions, viz. 28294 and 32149, gained the maximum root weight with an MGI of 6 and were considered highly susceptible to M. incognita and they were
found at par statistically (P < 0.05) (Table 1).
Shoot weight. The maximum shoot weight was
observed in accession 32028 followed by accessions
32030, 32534 and 28522 with a MGI of 4 and 5 and
were considered moderately susceptible and susceptible, respectively, and were different statistiTable 1. Modified rating scale for the assessment of level
of resistance or susceptibility based on number of galls
Number of galls

Galling index

Resistance rating

0

0

immune

1–2

1

highly resistant

3–10

2

resistant

11–30

3

moderately resistant

31–70

4

moderately susceptible

71–100

5

susceptible

> 100

6

highly susceptible
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cally (P < 0.05). While accession, viz. 32149, had
a minimum shoot weight with a MGI of 6 and was
considered highly susceptible (Table 1).
Evaluation of the induced resistance in the cucumber crop against the root-knot nematode
The present study revealed that when the 20-dayold cucumber seedlings were infected with the J2s
of M. incognita and the SA or BTH applications
were given at different concentrations, the defence mechanism was activated which ultimately
enhanced the SOD, POD, CAT, and PAL antioxidant enzymatic activities and also the total protein and phenol contents when compared with
the non-treated plants. In response cucumber
plant showed varied degree of induced resistance
which was assessed by decreased MGI as compared to the control.
SOD activity. When the SA and BTH were applied to the cucumber plants in two different concentrations (50 mg/L and 100 mg/L), they notably
induced changes in the SOD activity when compared to all the control plants. The SOD activity
was at a maximum (219.35 IU/mg) after the nematode infestation when the BTH was applied
as a drench treatment at 50 mg/L and the minimum SOD activity (142.57 IU/mg) was recorded
when the BTH was applied as a drench treatment
at 100 mg/L (Figure 1).
POD activity. The cucumber plants showed variable response in the case of the POD activity when
treated with SA when compared to the control plants.
The POD activity was found to be the maximum
(1 095.21 IU/mg) when SA was applied as a foliar
treatment at 10 mg/L. The minimum POD activity
(191.16 IU/mg) was recorded when the SA was applied as a foliar treatment at 1 mg/L (Figure 2).
CAT activity. When the cucumber plants were
treated with SA and BTH, the catalase activity
varied considerably when compared to the control plants. The catalase activity was found to be
the maximum (2 564.24 IU/mg) when the BTH
was applied as a foliar treatment at 100 mg/L and
found to be the minimum (876.49 IU/mg) when
the SA was applied as a foliar treatment at 10 mg/L
(Figure 3).
PAL activity. SA had significant effects on
the PAL activity in the cucumber plants when compared to the control plants. The PAL activity was
at a maximum (15.92 IU/mg) when the BTH was
applied as a drench treatment at 50 mg/L after in-
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250
IU/mg of protein

229
d
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186
e
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0

7
A
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8
A
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C

7
A

149
c

11
B

191
ab

19
A

213
ab

22
B

10
A

Control 50 mg/L 50 mg/L 100 mg/L 100 mg/L 1 mg/L
BTH (F) BTH (D) BTH (F) BTH (D) SA (F)
Treatments

212
b

After

194
f

17
D

1 mg/L 10 mg/L 10 mg/L
SA (D) SA (F) SA (D)

Figure 1. Effect of the salicylic acid (SA) and benzothiadiazole (BTH) applications on the superoxide dismutase enzymatic activity in the cucumber plants
D = drench; F = foliar; A–Ddifferences among treatments before application; a–fdifferences among treatments after application
Before

1 200

IU/mg of protein

1 000
800
600
400
200
0

339
d
111
BC

700
d
530
DE

747
c

895
ab

1 090
f
686
D

586
D
307
AB

285
BC

968
a

190
bc

Control 50 mg/L 50 mg/L 100 mg/L 100 mg/L 1 mg/L
BTH (F) BTH (D) BTH (F) BTH (D) SA (F)
Treatments

1 097
ab

After

1 089
e

794
CD
434
E

320
A

1 mg/L 10 mg/L 10 mg/L
SA (D) SA (F) SA (D)

Figure 2. Effect of the salicylic acid (SA) and benzothiadiazole (BTH) applications on the peroxidase enzymatic activity in the cucumber plants

D = drench; F = foliar; A–Edifferences among treatments before application; a–fdifferences among treatments after application
3 000

2 160
bc

IU/mg of protein

2 500

2 273
a

2 567
ab

1 000
500
0

661
c

93
CDE

36
CDE

2 273
f
1 488
bc

2 000
1 500

Before

2 418
e

20
BC

53
DE

35
BCD

44
DE

Control 50 mg/L 50 mg/L 100 mg/L 100 mg/L 1 mg/L
BTH (F) BTH (D) BTH (F) BTH (D) SA (F)
Treatments

After

1 978
g
879
d

33
A

78
B

57
A

1 mg/L 10 mg/L 10 mg/L
SA (D) SA (F) SA (D)

Figure 3. Effect of the salicylic acid (SA) and benzothiadiazole (BTH) applications on the catalase enzymatic activity
in the cucumber plants
D = drench; F = foliar; A–Edifferences among treatments before application; a–gdifferences among treatments after application
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oculation with the root-knot nematode. The minimum PAL activity (12.46 IU/mg) was recorded
when the SA was applied as a drench treatment
at 1 mg/L (Figure 4).
Total phenolic content. The present study revealed that the phenolic content increased significantly in the cucumber plants treated with SA
when compared to the control plants. The maximum phenolic compounds (315.62 µg GA/mg)
were produced when SA was applied as a drench
treatment (10 mg/L) after inoculation with Meloidogyne incognita. On the contrary, the minimum
phenolic compounds (178.24 µg GA/mg) were produced when BTH was applied as a foliar treatment
at 100 mg/L (Figure 5).

Effect of SA and BTH on the cucumber resistance against M. incognita
Highly susceptible cucumber cultivars of accession number 028294 were grown under glass house
conditions. Ten treatments (10 different treatments
along with control were given to plants within each
replication) were applied to the plants. The maximum reduction in the number of galls and egg masses
were seen in the treatment where BTH was applied
as a drench treatment at 100 mg/L. Whereas the
minimum reduction was recorded when SA was applied at 1 mg/L as a foliar treatment (Table 2).
The number of galls and egg masses were significantly reduced in the soil drenching treatment when
compared to the exogenous applications of BTH and

Figure 4. Effect of the salicylic acid (SA) and benzothiadiazole (BTH) applications on the phenylalanine ammonialyase enzymatic activity in the cucumber plants

D = drench; F = foliar; A–Gdifferences among treatments before application; a–edifferences among treatments after application

Gallic acid/protein (µg/mg)

Before

350

265
b

300
250
200
150
100

102
71 b
BC

172
B-E

252
c
132
C-E

179
128 c
EF

183
b
91
B-D

242
b
138
D-F

234
b
117
B

271
a

After

317
277 d
F

178
A

50
0

Control 50 mg/L 50 mg/L 100 mg/L 100 mg/L 1 mg/L
BTH (F) BTH (D) BTH (F) BTH (D) SA (F)

1 mg/L 10 mg/L 10 mg/L
SA (D) SA (F) SA (D)

Treatments

Figure 5. Effect of the salicylic acid (SA) and benzothiadiazole (BTH) applications on the total phenolic content in
the cucumber plants

D = drench; F = foliar; A–Fdifferences among treatments before application; a–ddifferences among treatments after application
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Table 2. Response of cucumber accessions against nematode (Meloidogyne incognita)
Sr. No. Accession No.
1

No. of galls No. of egg masses Fresh root weight (g) Shoot weight (g) Mean galling index Response
92.33de

28295

2

f

32029

82.33

g

27.67cd

6.47edf

17.79b

5

S

cd

bed

d

5

S

a

28.33

7.08

f

g

16.62

3

32028

43.33

15.00

5.44

19.28

4

MS

4

32027

92.67de

32.66bcd

6.88fg

16.73cd

5

S

5

28523

de

93.33

25.67

6.63

cd

16.82

5

S

6

32534

47.67g

15.33f

5.99efg

18.87a

4

MS

7

32031

94.33dc

33.66bc

6.62de

17.76b

5

S

8

29435

ef

86.66

19.00

ef

6.12

17.36

5

S

9

28522

85.00ef

28.66cd

7.04bcd

17.94b

5

S

10

28293

de

94.67

30.66

cd

7.61

cd

16.72

5

S

11

29643

92.00def

25.66de

7.42abc

16.87cd

5

S

cd

abc

a

5

S

e

12

d

32030

99.33

a

de

g

def

bc

ab

29.33

7.29

a

19.06

a

13

28294

156.33

44.33

7.96

15.16

6

HS

14

32149

133.33b

39.66ab

7.81a

14.78e

6

HS

32805

c

15
LSD

a

cd

e

115.00

41.66

6.78

14.92

6

HS

9.98

7.80

0.67

0.72

–

–

–

HS = highly susceptible; LSD = least significant difference; MS = moderately susceptible; S = susceptible
Means followed by same letter in each column are not statistically different at P ≤ 0.05

a–g

SA. The mean galling index (MGI) was significantly
lower in the treatments where BTH and SA were applied in the highest doses as a soil drench treatment.
The data generated from this study showed that the
exogenously applied SA and BTH treatments, when
applied to the cucumber seedlings before inoculation of the juvenile M. incognita, minimised the reproduction of the pathogen (Table 3).

DISCUSSION
Plant parasitic nematodes play an important
role in minimising the production of agricultural
products throughout the world. Among them,
Meloidogyne spp. are considered the most damaging pests having a large number of host crops
(Wendimu 2021) especially in the cucurbitaceous

Table 3. Effect of the different concentrations of salicylic acid (SA) and benzothiadiazole (BTH) on the highly susceptible (HS) cucumber cultivar (28294)
No. of galls

No. of egg
masses

Fresh root
weight (g)

Shoot
weight(g)

Mean galling
index

T1 (50 mg/L BTH, foliar)

76.50 ± 4.97ab

71.17 ± 4.66a

6.65 ± 0.22c

16.18 ± 0.15bc

4.66 ± 0.21ab

T2 (50 mg/L BTH, drench)

69.33 ± 4.11ab

58.50 ± 3.50c

5.43 ± 0.18d

12.56 ± 0.26e

4.50 ± 0.22ab

b

Treatment

69.17 ± 4.58

6.94 ± 0.08

16.89 ± 0.22

4.50 ± 0.22ab

66.33 ± 4.05b

57.50 ± 3.30c

7.17 ± 0.13abc

15.44 ± 0.18cd

4.33 ± 0.21b

77.17 ± 4.37ab

72.17 ± 3.24a

7.95 ± 0.23a

16.33 ± 0.36b

4.66 ± 0.21ab

a

a

T3 (100 mg/L BTH, foliar)

74.17 ± 5.24

T4 (100 mg/L BTH, drench)
T5 (1 mg/L SA, foliar)

17.89 ± 0.26

4.50 ± 0.21ab

76.50 ± 4.16ab

70.17 ± 3.66a

6.38 ± 0.27c

14.80 ± 0.32d

4.66 ± 0.22ab

ab

c

T7 (10 mg/L SA, foliar)

68.33 ± 5.42

T9 (infested control, only nematodes) 78.33 ± 2.89a
T10 (healthy control)
Least significant difference
a–e

bc

bc

7.95 ± 0.53

71.67 ± 3.37

ab

ab

58.83 ± 4.09

T6 (1 mg/L SA, drench)
T8 (10 mg/L SA, drench)

ab

ab

56.67 ± 4.63

7.78 ± 0.26

17.83 ± 0.11

4.33 ± 0.21b

72.33 ± 3.45a

6.72 ± 0.48c

16.95 ± 0.28b

5.00 ± 0.00a

d

e

–

–

5.51 ± 0.38

11.20

10.49

0.92

12.88 ± 0.78
0.79

Means followed by the same letter in each column are not statistically different at P ≤ 0.05
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a

–
0.55
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family. Using resistant crop cultivars is considered
the most effective strategy to manage the population of RKNs. In the current study, the reactions
of the cucumber accessions to M. incognita were
assessed based on the galling and egg masses produced on the roots. The tested plants showed different responses against M. incognita. No accession was found to be resistant or highly resistant
against M. incognita. All the accessions were found
to be highly susceptible, susceptible or moderately
susceptible. Resistance within a plant species is often due to specific genes that can segregate within
the species. By contrast, for non-host species or
resistant cultivars, the nematode cannot reproduce
on that species or group of plants due to a broader absence of host traits required for parasitism.
To reproduce, the infective second-stage juveniles must be attracted to the host roots, penetrate
the epidermis and migrate through the root cortex
to establish a feeding site in the vascular parenchyma that provides sufficient nutrition for the development and egg production (Punithaveni et al.
2015). In our research, we especially focused on
the resistance of the cucumber crop which is highly
vulnerable to the infection dynamics of the RKN
in all the vegetable growing areas of Pakistan. We
collected germplasm samples and went through resistance evaluation procedures via screening under
glasshouse conditions. The experiment was conducted with standard procedures and, hence, we
found that the cucumber accessions varied widely in their susceptibility to M. incognita in terms
of the total number of galls, total number of egg
masses, fresh root weight and shoot weight. Our
research depicted that out of fifteen accessions,
ten were found to be susceptible to RKN while
two were found to be moderately susceptible and
three were found to be highly susceptible. None
of the accessions were shown to have a moderately
resistant, resistant or highly resistant response.
Out of the fifteen accessions, three accessions had
the maximum number of galls, similarly three cultivars produced the highest number of egg masses,
while two accessions gained the maximum root
weight and the maximum shoot weight was observed in one accession. In the highly susceptible cultivars, the production of the maximum egg
masses on the roots explain that a maximum number of juveniles were successful in completing their
life cycles after entering the host. Whereas, in contrast, in the resistant cultivars, only a few juveniles
346

were able to infect the roots and become mature,
which is reflected by their reproductive factors
and the number of egg masses (Khan et al. 2019).
Our results are in parallel with Moussa (1981) who
conducted a study on the cucumber and indicated
the occurrence of four Meloidogyne spp. in descending order of frequency M. incognita, M. javanica, M. arenaria and M. thamesi with a varying
response in the resistance in all the evaluated varieties. Similarly, Kassi and Hussain (1987) showed
the response of cucumber varieties towards RKN
infections, where Energia VFN, Novia and F-187
possessed susceptibility to M. javanica. C32 VFN
was the most susceptible as the highest number
of galls occurred on the roots, the lowest occurred
in Novia and no galls developed on Energia VFN.
Our results varied from Walter’s experiments (Walter et al. 1993), who studied the response of 24 cultigens of the horned cucumber (C. metuliferus
Naud.) and 884 cucumber cultivars (Cucumis sativus) to check their level of resistance against RKNs.
Out of the 24 cultigens, only two cultigens showed
a highly susceptible response against all the tested
nematode species, while all the other horned cucumber cultigens showed a resistant response
to M. incognita, M. arenaria and M. hapla. All
884 cultigens showed a resistant response against
M. hapla and very few showed a resistant response
against M. incognita. Whereas, 50 cultigens were
considered somewhat resistant to M. arenaria and
M. incognita. Our findings are similar to previous
research about the highly susceptible response of
cucumber germplasms against RKNs. The germplasm screening is a continuous process because
sexual reproduction in RKNs possesses the capability to break any type of resistance by adjusting
themselves against the subjected crop species.
As we found a scarcity of resistance in the cucumber germplasms against RKNs, we evaluated
the mechanism of the induced resistance in cucumber plants as the result of elicitor applications.
Plants of a susceptible cucumber cultivar were
treated with the varying concentrations of SA and
BTH which are considered signalling molecules
that induce resistance. We also explored the plant
enzymatic activity in response to the infection
dynamics of RKNs. Antioxidants like SOD, POD,
CAT and PAL were determined as biochemical markers of resistance and all the antioxidants
were found to increase in response to the RKN
infection followed by the application of BTH and
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SA (Molinari 2001). Similarly, the CAT activity
was at a maximum when SA and BTH were applied
as foliar treatments before inoculation of M. incognita at 10 mg/L and 50 mg/L, respectively. Likewise, the PAL activity was at a maximum when SA
was applied as a foliar treatment after inoculation
of M. incognita at 1 mg/L. Whereas PAL was recorded at a maximum when BTH was applied
as a foliar treatment before inoculation of M. incognita at 50 mg/L. In the same way, the SOD and
POD activity was at a maximum when SA and
BTH were applied as foliar treatments before inoculation of M. incognita at 10 mg/L and 100 mg/L,
respectively. Our results are in accordance with
Molinari (2002), who reported the effect on nematode reproduction as the result of the exogenous
application of SA on susceptible tomatoes before
inoculation with RKNs. Moreover, it was already
reported that SA sprayed onto leaves of the tomato
could induce some resistance to M. incognita and
improved the plant growth (Nandi et al. 2000). SOD
is a first line of defence in dissimulating superoxide
into non-toxic forms, which is foremostly activated by microbes against the ROS generated in cytosol during respiration and photosynthesis (Clarke
et al. 2017). The present study suggests that the
activity of the antioxidative enzymes (SOD and
CAT) in the cucumber leaves increased as the relative galling formation decreased in the cucumber
roots. The activities of SOD and POD increased after the inoculation of M. incognita, due to defence
signalling during the attack tend to up regulate
the activities of specific antioxidants (Singh et al.
2019). Our results are confirmatory with Nguyen
et al. (2011) in which they described that the application of any resistance inducing product could
induce the SOD-specific activity in cucumber
leaves as a defensive response against RKN infections. Molinari (2001) also studied the inhibition
of CAT activity in roots of resistant tomatoes
as a result of a nematode infestation or SA application, whereas in our experiment, the CAT activity was significantly increased in both the elicitor
treated plants and the RKN infested cucumber
susceptible plants. In this study, the POD activity
was increased after the M. incognita inoculation
and reached a maximum after the establishment
of nematodes in the roots. The enhanced POD
activity is relative to the resistance mechanisms
developed by the plants (Bajestani et al. 2019),
and directly linked to its involvement in provid347

ing structural rigidity to plant tissues through enhanced lignin synthesis in the cell walls in order
to prevent the nematode penetration in plants
(Moghbeli et al. 2017). Suppression of the POD
enzymatic activity was indicated by the weakening
of the host defence mechanisms in M. incognita
inoculated cucumber host plants. This eventually
helped in the further spread of RKNs and more
knots developed on the roots. The number of eggs
per gram of root fresh weight was reduced where
SA and BTH were applied in drench treated plants,
whereas the degree of infestation in terms of the
galling index was apparently unaffected. Comparably, the number of egg masses per root system did
not substantially change in tomato seedlings treated by a root dip in 1 mM SA before inoculation
with RKNs (Molinari 2008). It was found that the
phenolic and protein contents increased significantly in cucumber plants infested with RKNs followed by the foliar and drench application of SA
and BTH when compared to the control plants.
The application of SA and BTH resulted in an increase in the phenolic content, which ultimately
induced the resistance (Molinari 2001).
Several studies support our evidence that SA
and BTH both have inducing effects in vegetables
(Achuo et al. 2002). The SA application induces
resistance against Ralstonia solanacearum by the
accumulation of phenolics and increased lignin
deposition in the cell walls of roots and also increases the enzymatic activities (Mandal 2010).
SA induces the accumulation of phenolics and increases the PAL enzyme activity in okra that leads
to resistance against Erysiphe cichoracearum (Vimla & Suriachandraselvan 2009). BTH and SA induce defence related enzymes, i.e., POD, PAL and
SOD in mustard which results in the prevention
of an Alternaria brassicae invasion (Sharma & Sohal 2010). BTH induces the synthesis of chitinase
and β-1,3-glucanase in sugar beets that provide resistance against the tobacco necrosis virus (TNV)
(Burketová et al. 1999). In a nutshell, in the absence
of genetic resistance against RKNs in cucumbers,
induced resistance through elicitors like SA and
BTH may provide an alternate strategy to mitigate
RKN infections. Furthermore, the incorporation
of drench applications of SA and BTH in integrated
management RKNs may be effective.
Cucurbits are highly vulnerable to RKNs in Pakistan. The screening of cucurbits, especially the cucumber, against RKNs may lead to cheaper, envi-
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ronmentally friendly and feasible control measures
for the management of the nematode. The present
research may guide plant breeders to ponder upon
the breeding of cucumbers for resistant sources
against RKNs. Although the elicitors are not able
to control the disease, they may play an important role by triggering the defence mechanism
of the plant against the nematode and for future
direction, the genes or proteins involved in the defence mechanism and their interaction with RKNs
should be established. The application of elicitors
may become an integral part of integrated nematode management strategies for protected cucumber production.
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