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Meloidogyne javanica and Ralstonia solanacearum are the highly specialized soil-born plant
parasites with economic importance causing root-knot and bacterial wilt diseases in
tomatoes, respectively. The occurrence and intensity of the bacterial wilt escalated in the
presence of root-knot nematodes and R. solanacearum concurrently detected in different
vegetable crops. Sampling and preparation of leaf extract were done to investigate the
activity of catalase (CAT), superoxide dismutase (SOD), and peroxidase (POX) enzymes at
24, 48, 72, and 120 hours post-inoculation (hpi) of tomato plants with R. solanacearum and
M. javanica. The enzyme activity was measured at each time interval. The CAT and SOD
enzymes exhibited maximum activity levels at 120 and 48 hpi in the nematode treatment,
respectively. Meanwhile, the levels of POX enzyme peaked at 48 and 72 hpi in the
nematode and nematode-bacterium treatments, respectively. Pathogen stress eventually led
to a decrease in the SOD and POX enzymes 120 hours after inoculation and a significant
increase in CAT during nematode-bacterium treatment. The results revealed apparent
enzyme activity variations in tomato plants infected with both pathogens at different time
intervals after inoculation.
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Introduction

The tomato (Lycopersicon esculentum L.) is a perennial
plant that is usually grown as an annual and belongs to
the family Solanaceae. In Iran, there are different
climatic zones for tomato cultivation and fresh tomato is
produced in all seasons. Considering the high nutritional
and economic value of this product, it is important to
study the limiting factors that affect tomato growth and
find appropriate solutions to increase plant vyield.
Bacterial wilt and the root-knot nematode are among the
limiting factors of tomato production worldwide
(Wicker et al., 2007). Brown rot or bacterial wilt caused
by Ralstonia solanacearum is a major threat to tomato
cultivation in tropical agriculture (Khokhani et al.,
2017). R. solanacearum has a broad host range with
more than 200 species from 50 plant families and
attacks a variety of economically important crops,
including potato, tomato, chili, eggplant and non-
solanaceous plants such as groundnut (Plener et al.,
2010). The economic damage caused by bacterial wilt

depends on the host, plant variety, weather conditions,
soil type and harvesting method (Genin & Denny, 2012;
Schell, 2000). This phytopathogen can reduce the yield
of agricultural products by 20-60% (Wang et al., 2023).
Root-knot nematodes play an important role in crop
yield reduction (Chen & Robert, 2003; Wesemael et al.,
2011). Root-knot nematodes are the most important
group of plant parasitic nematodes that have a
significant economic impact on various agricultural
products. Meloidogyne species cause a 5% decline in
agricultural yields worldwide and pose a significant
challenge to the cultivation of adequate food in
developing countries (Kiewnick et al., 2009). Root-knot
nematodes interact with R. solanacearum through
several mechanisms, including the formation of wounds
that facilitate the penetration of the bacterial pathogens
into the plant, the induction of physiological changes in
the host leading to increased susceptibility, the
disruption of host resistance and the alteration of root
microflora (Siddiqui et al., 2012). In the mutual
interactions of parasitism, defense mechanisms have
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evolved in plants, including enzymatic and non-
enzymatic mechanisms (Singh et al., 2021). Production
of defense enzymes is one of the host’s resistance
reactions against plant pathogens. The most rapid
defense response after pathogen recognition is the
production of reactive oxygen species (ROS), leading to
oxidative bursts. ROS play a role in resistance to
bacterial diseases and may also directly cause their
death (Mittler, 2017). Meanwhile, most bacteria have
mechanisms to protect themselves. Bacterial pathogens
can tolerate the toxicity of reactive oxygen species
(Kapoor et al., 2019). In the present study, the potential
of the enzyme activity of peroxidase (POD), catalase
(CAT) and superoxide dismutase (SOD) was
investigated in tomato plants infected with R.
solanacearum and M. javanica alone and in
combination.

Material and Methods

Nematode preparation

The galled roots of tomato and cucumber plants were
collected from greenhouses at Boyer-Ahmad County,
Iran, and a single egg mass of the root-knot nematode,
M. javanica, was cultured on tomato seedlings (cv.
Early-Urbana) in the greenhouse. The nematode species
was identified by examining the morphological
characteristics of the female perennial pattern. A 0.5%
solution of NaOCI (Sodium hypochlorite) was used to
extract the nematode eggs from the galled roots,
following the method described by Hussey and Barker
(1973). The number of eggs was determined using a
hand counter.

Ralstonia solanacearum preparation

R. solanacearum isolate Rs130, previously isolated
from tomato in Fars Province (lzadiyan & Taghavi,
2011), was used in this study. A pure and fresh bacterial
culture was obtained by growing the bacterial
suspension on a nutrient sucrose agar (NSA) culture
medium. The culture was incubated at 27°C for 48 h.
The bacterium was then collected and mixed with sterile
distilled water. The concentration was adjusted to 107
CFU/m.

Greenhouse studies

The study was conducted to investigate the enzyme
activities in tomato plants infected with R.
solanacearum and M. javanica in a controlled
greenhouse environment at a temperature of 27 + 4°C
and a 16:8 hour light/dark photoperiod. Plastic pots with

a diameter of 15 cm were used, each filled with 1.5 kg
of a mixed soil (one part cow manure, one part steam-
sterilized sandy loam soil and two parts sand). Tomato
(cv. Early-Urbana) seeds were planted in pots and
inoculated with the nematode and bacterium four weeks
later. Plants were then arranged in a completely
randomized design with three replicates. Treatments
included plants inoculated with R. solanacearum and M.
javaniva simultaneously (RM); inoculated with R.
solanacearum (Rs); inoculated with M. javanica (Mj)
and with distilled water as the control.

Determination of enzymes activities

Leaf samples (500 mg) were ground and mixed
thoroughly with 1.25 mL of 100 mM phosphate buffer
(pH 7.0) containing 1% polyvinyl-poly pyrrolidone
(PVPP). Subsequently, the samples were centrifuged
(12000 g, 4 -C, 20 min) and the same supernatant was
exploited to detect SOD, CAT and POX. The amount of
SOD was determined using a modified version of the
method developed by Patykowski and Urbanek (2003).
The reaction mixture consisted of 1.5 ml of 0.05 M
sodium phosphate buffer (pH = 7.8), 0.3 ml of 130 mM
methionine, 0.3 ml of 750 uM nitro blue tetrazolium
(NBT), 0.3 ml of 0.1 mM EDTA-Na2, 0.3 ml of 20 uM
riboflavin, 0.01 ml of enzyme extract, 0.01 ml of 4%
(w/v) polyvinyl polypyrrolidone (PVPP), and 0.28 ml of
deionized water. The reaction was initiated by exposing
the tubes to a 20 W fluorescent lamp at a distance of 30
cm for 10 min. After covering the samples with a black
cloth for another 10 min, the reduction activity of NBT
was quantified as increased absorbance at 560 nm/h g of
fresh  weight (Patykowski & Urbanek, 2003).
Spectrophotometric measurements of the oxidation
products by guaiacol at 475 nm were performed to
monitor the peroxidase activity during purification,
(Reuveni, 1995). The reaction mixture consisted of 2
ml, containing 20 pl of 200 mM guaiacol, 40 pg protein
extract and citrate-phosphate buffer (pH = 5.4). Ten pl
H202 (30% v/v) was added and measurements at 475
nm were taken at six time points 10 s apart. One unit of
peroxidase activity was defined as the amount of
enzyme catalyzing the oxidation of 1 umol of guaiacol
per minute per milligram of protein at 475 nm. For the
evaluation of catalase activity, the reaction mixture
consisted of 3 ml of 50 mM sodium phosphate buffer
(pH = 7), 30 ng of protein-containing apoplectic extract,
and 30 ml of H202. The consumption of H202 was
measured using a spectrophotometer at 240 nm (Nikoo
et al., 2014). The activity of the enzymes was
determined at 24-hour intervals over a period of one
week.
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Results significant at the 1% level (Table 1). In the treated
plants, the induction of peroxidase was faster in the Mj
treatment 48 hours after inoculation than in the other

Peroxidase activit
v treatments. However, on the third day (72 hours) after

The results of the analysis of variance showed that the inoculation, the peroxidase concentration was
effect of R. solanacearum or M. javanica individually or significantly higher in the RM treatment than in the Rs
in combination on peroxidase activity was statistically and Mj treatments (Fig. 1).

Table 1. Analysis of variance of the activity level of the peroxidase in healthy and Ralstonia solanacearum and
Meloidogyne javanica inoculated tomato cv. Early-Urbana plants.

Source DF SS Mean Square FValue Pr>F
Time 4 0.00008908 0.00002227 275.75 <.0001
Nematode 1 0.00001723 0.00001723 213.35 <.0001
Bacterium 1 0.00000231 0.00000231 28.6 <.0001
Time*Nematode 3 0.00003052 0.00001017 125.98 <.0001
Time*Bacterium 3 0.00015704 0.00005235 648.14 <.0001
Nematode*Bacterium 1 0.00000431 0.00000431 53.33 <.0001
Time*Nematode*Bacterium 3 0.00006105 0.00002035 251.98 <.0001
Error 34 0.00000275 0.00000008
Total 50 0.00036868
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Fig. 1. Effect of Meloidogyne javanica and Ralstonia solanacearum on the specific activities of peroxidase in inoculated
tomato cv. Early-Urbana seedlings 24 hours intervals after inoculation.

was significant at the 1% level (Table 2). The plants
Catalase activity inoculated with the bacterium and the nematode
(RM) showed CAT activities at all time points. The
catalase activity in the leaves increased significantly
120 hours after inoculation, in the Mj treatment
compared with the other treatments. There was an

The results of the analysis of variance indicated that
the effect of R. solanacearum or M. javanica
individually or in combination on catalase activity

Journal of Advances in Plant Protection 2024, 1(1): 33-40 Doi: 10.22103/JAPP.2024. 23138.1002

35



Panahi et al.

Effect of Ralstonia and Meloidogyne on tomato antioxidant activity

increase in CAT activity in inoculated plants with

two pathogens (RM) at 72 hours of infection (Fig. 2).

Table 2. Analysis of variance of the activity level of the catalase in healthy and Ralstonia solanacearum and

Meloidogyne javanica inoculated tomato cv. Early-Urbana plants.

Source DF SS Mean Square F Value Pr>F
Time 4 0.00028875 0.00007219 277.67 <.0001
Nematode 1 0.00020638 0.00020638 793.83 <.0001
Bacterium 1 0.00006986 0.00006986 268.72 <.0001
Time*Nematode 3 0.0003023 0.00010077 387.6 <.0001
Time*Bacterium 3 0.00087504 0.00029168 112195 <001
Nematode*Bacterium 1 0.00050251 0.00050251 1932.89 <001
Time*Nematode*Bacterium 3 0.00035311 0.00017655 679.11 <.0001
Error 34 0.00000832 0.00000026
Total 50 118.3665094
| Sterile water B8 Nematode+Bacteria @ Bacteria 0O Nematode
12
10 a
= N
Z 8 -
5, -
- LS
g ¢ b b -
” T g; A
2 de e e A
=4 *§ - - 1] [
< i NS o -
RN R SO
5 § . . .
\ LRSS et e
S o o
\ A TN AR
0
24

Hours post inoculation

Fig. 2. Effect of Meloidogyne javanica and Ralstonia solanacearum on the specific activities of catalase in inoculated
tomato cv. Early-Urbana seedlings 24 hours intervals after inoculation.

SOD activity

The results of the analysis of variance showed that the
effect of R. solanacearum or M. javanica individually or
in combination on superoxide dismutase activity was
statistically significant at the 1% level (Table 3). The
SOD activity was highest in the Mj treatment at 48

hours after inoculation. The activity of the SOD enzyme
increased significantly from 24 hpi to 48 hpi in Mj
treatment and then decline until 120 hpi. There was very
little change in SOD activity after 72 h of inoculation in
all treatments compared with the control. There was an
increase in SOD activity in the RM treatment compared
with the other treatments at 24 h of infection (Fig. 3).
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Table 3. Analysis of variance of the activity level of the superoxide dismutase in healthy and Ralstonia solanacearum and
Meloidogyne javanica inoculated tomato cv. Early-Urbana plants.

Source DF SS Mean Square F Value Pr>F
Time 4 0.00028875 0.00007219 277.67 <.0001
Nematode 1 0.00020638 0.00020638 793.83 <.0001
Bacterium 1 0.00006986 0.00006986 268.72 <.0001
Time*Nematode 3 0.0003023 0.00010077 387.6 <.0001
Time*Bacterium 3 0.00087504 0.00029168 1121.95 <.0001
Nematode*Bacterium 1 0.00050251 0.00050251 193289 <001
Time*Nematode*Bacterium 3 0.00035311 0.00017655 679.11 <.0001
Error 34 0.00000832 0.00000026
Total 50 118.3665094
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Fig. 3. Effect of Meloidogyne javanica and Ralstonia solanacearum on the specific activities of catalase in inoculated
tomato cv. Early-Urbana seedlings 24 hours intervals after inoculation.

Discussion

This study focused on antioxidant activity in the leaves
of tomato plants inoculated with the root-knot
nematodes M. javanica and the bacterium R.
solanacearum. Tomatoes can face challenges from
various pathogens, including root-knot nematodes (M.
javanica) and R. solanacearum, a pathogen that causes
bacterial wilt in many plants. Antioxidant enzymes play
a crucial role in the plant’s defense mechanisms against
such stresses (Mittler, 2017). These enzymes help in
scavenging reactive oxygen species (ROS), which are
generated during stress conditions (Kayani & Mukhtar,
2018). Both nematode and bacterium infections can
trigger the expression of defense-related genes, leading

to the synthesis of various defense proteins, including
antioxidant enzymes (Kapoor et al., 2019). The
activation of a diverse range of defense responses in
plants is linked to disease resistance, which effectively
hinders or stops infection during specific stages of the
interaction between the host and pathogen (Feng et al.,
2015). Upon infection, the host triggers a series of
pathogen-inducible enzymes that play a crucial role in
defending against phytopathogens (Pilon et al., 2011).
In the present study, the induction of peroxidase (POX)
occurred more rapidly in the Mj treatment at 48 hours
after inoculation than in the other treatments. However,
at 72 hours after inoculation, the concentration of POX
was significantly higher in the RM treatment than in the
Rs or Mj treatments. When a root-knot nematode infects
a root, it causes minimal damage as it moves between
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cells. However, an excessive production of reactive
oxygen species (ROS) can be observed as soon as the
nematode penetrates the root at the J2 stage. Some
evidence has shown that a barrier forms in cells with
high peroxidase activity at the beginning of giant cell
formation, which later disappears. This observation
suggests that peroxidases are produced by plants as an
initial reaction against nematode invasion. The
increasing trend of peroxidase (POX) in response to M.
javanica in tomato plants may be connected to cell wall
lignifications. This increased structural rigidity of plant
tissues helps to hinder nematode penetration. It is well-
documented that POX activity plays a role in the final
stages of cell wall lignifications (Quiroga et al., 2000).
The severity and incidence of bacterial wilt increased
when root-knot nematodes were detected in conjunction
with R. solanacearum in numerous vegetable varieties
(Tarig-Khan et al., 2017). Increased POX activity has
been reported in different plants such as tomato
(Ramamoorthy et al., 2002), rice (Nandakumar et al.,
2001; Nithya et al., 2019) and cucumber (Chen et al.,
2000) under the influence of various pathogens. Root-
knot nematodes enable the entry and establishment of
pathogenic fungi and bacteria (Powell, 1971). POX
levels in plants can increase in response to biotic stress,
indicating that POX activities are involved in plant
defense against pathogens (Kartashova et al., 2000). In
tomato, peroxidase is one of the enzymes that catalyse
the steps in the lignification pathways (Ramamoorthy et
al., 2002; Nithya et al., 2019). Lignin enhances plant
cell wall strength, boosting plant immunity against
pathogen enzymes and providing a protective barrier
against  physical  penetration  (Nicholson &
Hammerschmidt, 1992). The current investigation
highlights the rapid reaction of POX in tomato plants
infected with R. solanacearum and M. javanica,
suggesting the potential involvement of this enzyme in
the defense against pathogenic invasion. Our findings
are similar to the results of Vanitha & Umesha (2008)
on tomato infected with R. solanacearum and Chittoor
et al. (1997) on rice infected with Xanthomonas oryzae
pv. oryzae. In our study, there was an increase in
catalase (CAT) activity in inoculated plants with two
pathogens (RM treatment) at 72 h of infection. CAT is
an antioxidative enzyme involved in oxidative bursts
generated transiently in plant-microbe interactions. The
use of enzyme CAT is involved in the regulation of
H202 levels in plant tissues (Mandal et al., 2011).
Catalase has already been reported to be induced
systemically in potato infected with M. incognita
(Niebel et al., 1995) and the possible role of catalase
inhibition in tomato resistance to root-knot nematodes
was emphasized (Molinari, 2001). The enzyme catalase

acts as a specific guaiacol peroxidase, shielding cells
from the harmful effects of H202 (Ben Amor et al.,
2005). It was observed that sugar beet genotypes
infected with M. incognita displayed a marked increase
in catalase activity (Korayem et al., 2012). Furthermore,
plants treated with M. javanica also exhibited elevated
catalase activity. Moreover, Kesba & El-Beltagi (2012)
found that CAT activity increased by 46.97%, 57.97%,
and 68.25% in superior, superior/freedom, and freedom
grape rootstocks infected with M. incognita compared
with healthy plants. In the presents study, SOD activity
was highest in the Mj treatment at 48 h after
inoculation. SOD activity increased significantly from
24 to 48 hpi in the Mj treatment and then declined until
120 hpi. There was very little change in SOD activity
after 72 h of inoculation in all treatments compared with
uninoculated plants. An increase in SOD activity was
observed in the RM treatment compared with other
treatments at 24 hours after infection. In recent years,
some studies have reported that SODs can protect plants
against biotic and abiotic stresses, such as cold, salinity,
drought, abscisic acid and ethylene (Asensio et al.,
2012; Wang et al., 2004).

Conclusion

The results of this study indicate different responses of
enzyme activities in tomato plants cv. Early-Urbana
subjected to different treatments and different times
after inoculation with M. javanica and R. solanacearum.
The specific patterns observed in the activities of
peroxidase, superoxide dismutase, and catalase
activities highlight the dynamic nature of plant defense
mechanisms in response to different pathogens. These
results contribute to a better understanding of plant
immune responses under different stress conditions.
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