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Abstract- Six inocula 0, 5000, 10000, 15000, 20000 and 25000 

second stage juveniles (J2) and males/pot of Tylenchulus 

semipenetrans were tested on 1.5-year-old nematode-free 

seedlings of Citrus volkameriana. The inoculated seedlings 

were grown in plastic pots containing about 5 Kg of sterilized 

sandy clay soil (2:1) under greenhouse conditions for a year. 

The relationship between levels of Tylenchulus semipenetrans 

infection to sour orange seedling roots and activities of the 

isozymes superoxide dismutase, peroxidase and catalase were 

determined by electrophoresis. After three and six months of 

nematode inoculation, the enzyme activity of superoxide 

dismutase increased dramatically with increasing the nematode 

inoculation levels. After 12 months of nematode inoculation, 

the enzyme activity decreased with increasing the nematode 

inoculation levels. The enzyme activity of peroxidase after three 

and six months of nematode inoculation increased to 91.9% at 

nematode inoculum level of 5000 J2/pot compared to 90.3% in 

the non-infested check. Similar results were obtained after 12 

months of nematode inoculation. After 3 months of nematode 

inoculation, the enzyme activity of catalase increased to 88.5% 

at 5000 J2/pot but to 85.7% in the control. After 6 months, 

catalase activity was 85.5, 85.1 and 85.5% with inoculum levels 

of 5000, 10000 and 25000 J2/pot, respectively but 83.4% in the 

control. Similar results were obtained after 12 months of 

nematode inoculation. New isozymes of the tested enzymes 

appeared in the electrophoretic patterns when T. 

Semipenetrans inoculum levels increased. 

 

    Index Terms-Citrus, Nematode, Tylenchulus 

semipenetrans, Enzyme activity, Electrophoresis. 

 
I. INTRODUCTION 

In plants, environmental conditions and some pathogens 

can cause oxidative stress damage by overproduction of 

toxic oxygen species [1,2] which can damage cellular 

components such as lipids, proteins, carbohydrates and 

nucleic acids [3]. Superoxide dismutase (SOD) is the first 

enzyme in the detoxifying process, converts O2 radicals to 

H2O2. The enzymes catalase (CAT) and SOD are principle 

enzymes which scavenge active oxygen species and avoid 

lipid per-oxidation, cell membranes damage and 

chlorophyll degradation [4,5]. CAT controls H2O2 level in 

plant cells, regulates the germination rate of seeds [6] and 

participates to photosynthetic process [7]. It was reported 

that CAT activity increases in seedlings probably in order 

to neutralize H2O2 and thus avoid cellular damage caused 

by accumulation of the substrate [8].  

Although numerous nematode pests are associated with 

the citrus rhizosphere, the citrus nematode, Tylenchulus 

semipenetrans Cobb, is the most important plant-parasitic 

nematode species of citrus in Egypt [9] and worldwide 

[10].   

T. semipenetrans causes the disease 'slow decline' of 

citrus.  The primary effect of this nematode in newly 

infested sites is a gradual reduction in tree quality so that 

over a period of years infested trees are smaller, less 

vigorous and less productive than normal.  Symptom 

development depends on overall orchard conditions [11].  

Infested trees growing under otherwise optimum 

conditions may yield somewhat less fruit while appearing 

quite healthy. As conditions become less suitable for tree 

growth, the effects of citrus nematode parasitism are more 

apparent.  In new citrus plantings, symptom development 

progresses slowly as nematode populations develop to 

high levels.  Symptoms are those associated with poor root 

development.  Leaves are smaller and may become 

chlorotic.  Heavily infected feeder roots are slightly 

thicker than healthy roots and have a dirty appearance due 

to soil particles that adhere to nematode-gelatinous egg 

masses on the root surface.  This pest infects some other 

fruit trees like grape and olive all over the world. The 

success of nematode reproduction on their compatible 

hosts depends on the successful formation of such feeding 

sites which rely on the availability of certain 

concentrations of some chemicals and enzymes [12] to be 

available in host tissues. 

There are many reports of enhanced peroxidases (PX), 

polyphenol oxidize and ascorbate peroxides following the 

interaction of nematodes with their hosts especially the 

resistant ones and this has led to the hypothesis that these 

enzymes may be important in the defense mechanism of 

the host plant [13,14,15]. Infected plants exhibit both 

enzymatic and non-enzymatic antioxidant defense systems 

to frustrate reactive oxygen species upon nematode 

infection. The accumulation of such materials in root 

tissues enhanced resistance in plants against invasion with 

new nematode larvae of these antioxidants; e.g. 

glutathione, SOD, CAT and ascorbate peroxides 

[15].Therefore, specific molecular markers of plant 

resistance to nematodes should be determined for unique 

pathogen/host systems to rate resistance/susceptibility to 

the most economically important nematode families, 

which would save effort, time and money [16]. Such 

markers may also be represented by enzymes with promise 

for use as genetically-based biochemical markers for 

screening breeding lines with potential for nematode 

resistance. More sensitive, rapid and accurate 

electrophoretic methods, such as those that are possible 

with miniaturized and automated equipment, should 

further facilitate identification of desirable markers. 

Greater oxidase and PX activities were detected in the 

vascular bundles and cortical region of 45 infected roots 
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than in un-inoculated check of tomato 'Pusa Ruby' 

seedlings after 60 days of inoculation with 1000 second 

stage juveniles (J2) of M. incognita [17]. AxenizedM. 

incognita-J2 wasinoculated into 9-day-old seedlings of 

soybean variety Clark-63 and assayed PX activity by 

polyacrylamide gel electrophoresis [18]. The electro-

phoretic analyses revealed presence of additional bands of 

PX isozymes that were separated 7, 14 and 21 days after 

inoculation.  It was suggested that the elevated level of PX 

activity was due to de novo synthesis of PX isozymes. 

Also, aubergine var. Pusa Purple Long seedlings were 

inoculated with 1000 M. incognita- J2 in a pot experiment 

[19]. Infested roots had higher contents of cell soluble 

proteins, PX and polyphenol oxidase. M. incognita 

resistant varieties of tobacco and tomato had significantly 

higher PX enzyme specific activity than susceptible 

varieties [20]. When seedlings of tomato cv. VFN8 

(resistant to M. incognita) and cv. Roma VF (susceptible) 

were inoculated each with 60 M. incognita J2 in pot 

experiment, the PX activity increased in all fractions but 

less so for the susceptible cultivar [21]. In resistant plants, 

the increased PX activity seems to be related to a 

lignification process around the necrosis and in the 

susceptible plants, to the production of secondary wall in 

the syncytium. The flexibility and swiftness of using such 

enzyme activity in rating plant genotypes for nematode 

resistance may enhance their potential utility as 

biochemical markers especially to expedite breeding 

programs. CAT activity was of lower magnitude and 

increased in cv. strain “B” but decreased in cvs “Dual 

Large” and “Castle Rock” as compared to their healthy 

controls. 

The changes in oxidants and antioxidants such as 

enzyme activities (involved in defense mechanisms in 

plants against pathogens) in sour orange in response to 

infection with T. semipenetrans were studied [22]. They 

found that antioxidant substances, glutathione and ascorbic 

acid as well as, SOD, CAT and ascorbate peroxidase were 

increased; yet, the rates of increase differed according to 

nematode initial population. 

The objectives of the present study were to estimate the 

activities of three systems of enzymes SOD, PX and CAT 

in sour citrus roots at different days after inoculation with 

different numbers of T. semipenetrans-J2 and males to 

demonstrate the effect of infection on enzyme activities. 

 

II. MATERIALS AND METHODS 

Six inocula of T. semipenetrans-J2 and males in aqueous 

suspension were obtained by incubation [23] of 

YousefiBaladi [Citrus sinensis(L.) Osbeck] roots from a 

mature citrus orchard [24]. The inocula were tested on 1.5-

year-old nematode-free seedlings of C. volkamariana 

grown in plastic pots containing about 5 Kg of sterilized 

sandy clay soil (2:1). A very careful standardization of 

different variables was taken into consideration: the 

seedlings should not differ in appearance, size and health 

to avoid problems from hidden factors that affect trees and 

nematodes independently.  Because the citrus nematode is 

a mild pathogen that likely requires a huge range in 

population density to measure significant effects, different 

nematode inocula were tested. The seedlings were 

established for 6 months before initiating the inocula 0, 

5000, 10000, 15000, 20000 and 25000 nematodes (J2+ 

males)/seedling as initial nematode population (Pi) in the 

spring season.  The nematode suspension of each 

inoculum level was pipetted into five cores around the root 

system of a seedling and then immediately covered with 

wetted sandy soil. Eight replicates (seedlings) were used 

for each inoculum level treatment as well as the check. 

Pots were arranged in a randomized block design and 

seedlings were maintained on a greenhouse bench at 17 to 

37°C. All pots received similar treatments of nutrition 

during the experimental period [25] and the citrus plants 

were watered as needed. 

The enzyme activities of SOD, PX and CAT were 

determined in seedling roots of Volkameriana seedlings at 

different levels of nematode inoculation using 

polyacrylamide gel electrophoresis (PAGE) technique 

according to [26]. SOD, PX and CAT were determined at 

3, 6 and twelve months after inoculation with nematode 

compared to the non-inoculated check.  

Isozyme fractions were performed on vertical slab (20 

cm x 20 cm x 0.2 cm) using the gel electrophoresis 

apparatus Shelton. A volume of 50 μl from the extraction 

of enzymes was mixed with 10 μlbromophenol blue and 

applied to each well. The gel was completely covered with 

electrode buffer. The electrodes were connected to power 

supply and adjusted at 150 V for four hours. After 

electrophoresis, the gels were stained according to the 

system of each enzyme and incubated at 37°C in dark for 

complete staining after adding the appropriate substrate for 

each enzyme and staining solution. Isozyme staining were 

made according to [27] for SOD, [28] for PX, [29] for 

CAT.  After the appearance of the isozyme bands, the 

reaction was stopped by washing the gel two times with 

tap water, and then was photographed. Data were 

subjected to analysis using Computer Statistical Package 

(Total Lab from phoretix version 1.10). 

 

III. RESULTS AND DISCUSSION 
The SOD, PX and CAT isozyme patterns of PAGE 

showed a considerable variation in isozyme activities after 

inoculation of Volkamariana seedlings with different 

levels of nematode T.semipenetrans, measured as relative 

flow (RF) and density area of isozyme bands. 

Superoxide dismutase activity 

After 3 months of nematode inoculation, the enzyme 

activity of SOD, as density area of isozyme bands, 

increased with increasing the nematode inoculation levels 

which was 66.5% at 5000, 68.7% at 10000, 70.6% at 

15000, 72.6% at 20000 and 72.3% at 25000 J2/pot, 

compared to 65.4% in the control. Five isozyme bands 

were presented in the pattern of SOD; this may indicate 

that these isozymes of SOD were activated in 

Volkameriana with nematode inoculation. 
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After 6 months of nematode inoculation, the enzyme 

activity of SOD increased with increasing the nematode 

inoculation levels until 15000, which was 71.7% at 5000, 

73.5 % at 10000 and 72.3% at 15000, compared to the 

control (71.4%). Also, different isozyme bands appeared 

and showed activity as band densities after treatments. 

After 12 months of nematode inoculation, the enzymatic 

activity of SOD decreased with increasing nematode 

inoculation levels which was 53.9% at 5000, 52.6% at 

10000, 47.9% at 15000, 42.1% at 20000 and 38.1% at 

25000, compared to the control (59.2%); as shown in Fig. 

1 and 2 and Table 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1: Electrophoretic patterns of SOD isozymes from 

Volkameriana seedling roots at different levels of T. 

semipenetrans inoculations. Lanes from 1 to 6 after 3 months, 

7-12 after 6 months and 13-18 after 12 months of nematode 

inoculation. Lanes of 1, 7 and 13are non-inoculated controls, 

Lanes of 2, 8 and 14 (5000 J2), Lanes of 3, 9 and 15 (10000 J2), 

Lanes of 4, 10 and 16 (15000 J2), Lanes of 5, 11 and 17 (20000 

J2) and Lanes of 6, 12 and 18 (25000 J2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 2: Superoxide dismutase enzyme activity from 

electrophoretic patterns of Volkameriana seedling roots after 

3, 6 and 12 months of T. semipenetrans inoculation with 

different levels. 

These results agreed with that obtained 

elsewhere[22].They found that SOD enzyme increased in 

sour orange in response to infection with T. semipenetrans 

according to nematode initial population level. 

2- Peroxidase activity 

After 3 and 6 months of nematode inoculation, the 

enzyme activity of PX increased to 91.9% and 90.7% as 

density area of isozyme bands at nematode inoculum level 

of 5000 J2/pot compared to the control (90.3 and 86.4%), 

respectively. The enzymatic activities were generally low 

after nematode inoculation with 10000-25000J2/pot levels. 

Similar results were observed after 12 months after 

inoculation with different levels of nematode (5000-

25000J2/pot), as shown in Fig. 3 and 4 and Table 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3: Electrophoretic patterns of PX isozymes from 

Volkameriana seedling roots of citrus at different levels of T. 

semipenetrans inoculation. Lanes 1-6 after 3 months, 7-12 

after 6 months and 13-18 after 12 months of nematode 

inoculation. Lanes 1, 7 and 13 are non-inoculated checks; 

Lanes 2, 8 and 14 (5000 J2); Lanes 3, 9 and 15 (10000 J2); 

Lanes 4, 10 and 16 (15000 J2); Lanes 5, 11 and 17 (20000 J2); 

Lanes 6, 12 and 18 (25000 J2). 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Peroxidase enzyme activity from electrophoretic 

patterns of Volkameriana seedling roots after 3, 6 and 12 

months of inoculation with different levels of T. 

semipenetrans. 

These results agreed with others[17] who reported that 

greater oxidize and PX activities were detected in the 

vascular bundles and cortical region of 45 infected roots 

than in non-inoculated check of tomato 'PusaRuby' 

seedlings after 60 days of inoculation with 1000 M. 

incognita-J2. Presence of additional bands of PX isozymes 

in the electrophoretic analyses that were separated 7, 14 

and 21 days after inoculation was also reported [18]. They 

suggested that the elevated level of PX activity was due to 

de novo synthesis of PX isozymes. In resistant plants, 

there were increases in PX activity following inoculation 

compared with susceptible plants [30]. This was associated 

with a pronounced defense reaction in resistant plants. 

 

 

 

0

20

40

60

80

3m 6m 12m

conyrol 5000 10000 15000 20000 25000

 

E
n

zy
m

e 
a
c
ti

v
it

y
 

 

E
n

zy
m

e 
a
c
ti

v
it

y
 



 

 

 

ISSN: 2277-3754   

ISO 9001:2008 Certified 
International Journal of Engineering and Innovative Technology (IJEIT) 

Volume 4, Issue 12, June 2015 

46 
 

Table 1: Superoxide dismutase, peroxidase and 

catalase activities from electrophoretic patterns of 

Volkameriana seedling roots after 3, 6 and 12 months 

of T. semipenetrans inoculation with different levels 

 

The activity of the enzymes PX and polyphenol oxidase 

increased within infected roots, over their controls, of 

three tomato cultivars by M. incognita under greenhouse 

conditions [31]. After nematode infection in three cultivars 

of cucumber the PX activity reached as high as 103.8% at 

Alzaeem cultivar which might confirm the classical rating 

of its tolerance to nematode infection [32]. The enzyme 

activity increased after infection but to a less degree in two 

other susceptible cultivars of cucumber compared to the 

uninfected plants. 

3. Catalase activity 

The enzymatic activity of CAT increased, after three 

months of nematode inoculation, to 88.5% at 5000 J2/pot, 

while it decreased to 83.3, 79.7, 82.9, and 83.7% with 

inoculum levels of 10000, 15000, 20000 and25000 J2/pot, 

respectively compared to the control (85.7%), as shown in 

Fig. 5 and 6 and Table 1. After six months of nematode 

inoculation, the enzyme activity of CAT was increased to 

85.5, 85.1 and 85.5% at inoculum levels of 5000, 10000 

and 25000 J2/pot while it slightly decreased to 82.9 and 

83.2 % at inoculums level of 15000 and 20000 J2/pot, 

respectively compared to the control (83.4%). After 12 

months of nematode inoculation, the enzyme activity of 

CAT increased more than the control at all levels of 

inoculation, except 15000 J2/pot; it was 88.7% at 5000, 

88.5% at 10000 and 25000 and 88.3% at 20000J2/pot 

compared to the control (86.5%). Such an increase in CAT 

was also reported by Mohamed et al. (1999) in susceptible 

tomato over its control after inoculation with nematode M. 

incognita [31]. 

Generally, the data indicated that the activity of 

antioxidant enzymes, SOD, PX and CAT in healthy plants 

were at low levels. Notable increase was observed as a 

result of nematode infection with T. semipenetrans at5000 

J2on sour orange after three and six months of inoculation, 

besides 12 months in CAT enzyme at other levels. The 

increment rates varied according to inoculums levels. 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 5: Electrophoretic patterns of CAT isozymes from 

Volkameriana seedling roots at different levels of T 

.semipenetrans inoculation; lanes from 1 to 6 after 3 months, 

7-12 after 6 months and 13-18 after 12 months of inoculation. 

Lanes of 1, 7 and 13 are controls, Lanes of 2, 8 and 14 (5000 

J2), Lanes of 3, 9 and 15 (10000 J2), Lanes of 4, 10 and 16 

(15000 J2), Lanes of 5, 11 and 17 (20000 J2), Lanes of 6, 12 

and 18 (25000 J2). 

 

 

 

 

 

 

 

 

 

 

 
Fig. 6: Catalase enzyme activity from electrophoretic 

patterns of Volkameriana seedling roots after 3, 6 and 12 

months of inoculation with different levels of T. 

semipenetrans. 

Increasing of SOD,PX and CAT activities seem to be a 

result of an adaptive response which provides the plant 

with protection against biotic stress as reported by [33]. 

This increase in SOD is probably to prevent the 

deleterious effect of O2 radicals in root cells and to 

transform it to H2O2 which is then transformed by catalase 

to harmless O2and H2O, as reported others[1]. Yet, the 

protocol applied herein is not intended to discriminate 

susceptible and resistant accessions/genotypes of plants to 

nematodes. For such discriminations, we should use very 

young seedlings, as specific enzyme activities decrease 

with aging of plants. Also, we don't need to use roots, 

young leaves may be enough to have a sound value of 

CAT activity per the intendedgenotypes. Moreover, 

previously determined susceptible and resistant 

genotypesshould be available to use as standards, and 

preferably use as many accessions as possible to 

biochemically design their host suitability. Finally, for 

working on hydrogen peroxide, the root/leaf extracts must 

be ultra filtered with a cutting set at 10,000 MW to get 

ridof phenols. The presence of phenols in the extracts 

markedly inhibit catalase, so we should get rid of them 

[34]. On the other hand, symptoms may not be apparent on 

lightly infected root systems so that T. semipenetrans-

infected nursery stock may easily go undetected [10]. So, 

T
re

a
tm

en
t 

Superoxide 

dismutase 

activity % 

Peroxidase 

activity % 

Catalase 

activity % 

3
 m

o
n
th

s 

6
 m

o
n
th

s 

1
2

 m
o
n

th
s 

3
 m

o
n
th

s
 

6
 m

o
n
th

s
 

1
2

 m
o
n

th
s

 

3
 m

o
n
th

s
 

6
 m

o
n
th

s
 

1
2

 m
o
n

th
s 

Control 65.4 71.4 59.2 90.3 86.4 85.6 85.7 83.4 86.5 

5000 66.5 71.7 53.9 91.9 90.7 85.0 88.5 85.5 88.7 

10000 68.7 73.5 52.6 87.0 84.6 83.9 83.3 85.1 88.5 

15000 70.6 72.3 47.9 86.6 85.6 85.2 79.7 82.9 84.0 

20000 72.6 70.4 42.1 88.6 84.4 85.3 82.9 83.2 88.3 

25000 72.3 65.3 38.1 87.8 86.8 85.9 83.7 85.5 88.5 

 

 

E
n

zy
m

e 
a
c
ti

v
it

y
 



 

 

 

ISSN: 2277-3754   

ISO 9001:2008 Certified 
International Journal of Engineering and Innovative Technology (IJEIT) 

Volume 4, Issue 12, June 2015 

47 
 

the biochemical markers recorded herein may help in 

characterizing such infection. This is especially important 

since feeder roots decay faster due to loss of integrity at 

the epidermis and at feeding sites in the cortex, resulting in 

invasion by secondary organisms.  This may be expressed 

as lesions on lightly infected roots. On the contrary, heavy 

infections result in cortical sloughing and root death. 

Hence, the name 'slow decline' is less appropriate when 

young trees are replanted into heavily infested soil where 

effects on tree growth may be noted soon after planting 

[10]. 
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